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Abstract

Scolecodonts (= jaws of the polychaete worms) have always been a relatively
neglected group of microfossils. However, polychaetes represent and also represented
an important component of the marine fauna. Knowledge on their distribution and other
aspects of their life can bring us important information about the character of ancient
environment. In the Prague Basin (Czech Republic), only two major studies exclusively
focused on scolecodonts have been published. The aim of the present research was to
fill in this gap - by a restudy of the historical collections of Zebera and Snajdr, and its
comparison with the results gained from newly collected late Silurian samples and
scolecodont faunas from other areas.

It has turned out that the jawed polychaete fauna in the Prague Basin was much
more diversified than previously reported. The last report on late Silurian scolecodonts
by Snajdr (1951) concluded that there are four determined species and two species left
in open nomenclature present. Restudy of the original collection has shown that there
are at least 11 different species from families Mochtyellidae, Polychaetaspidae,
Ramphoprionidae, Paulinitidae, Atraktoprionidae, Skalenoprionidae and Hadoprionidae.
The new comparative collection coming from similar stratigraphical level as historical
collections gained at least 25 species, including one newly described (“Mochtyella”
pragensis). The taxonomic re-study also focused on the species Kettnerites kosoviensis
that is a type species of the genus and was described in the Prague Basin. The new
samples come from the limestone which is in contrast to previously studied shale
lithology. This was an important factor enabling easier acid digestion and detaching the
jaws.

Together with taxonomy, influece of environmental changes on diversity of
scolecodont faunas was studied. A decrease in diversity associated with the Kozlowskii
event was observed. Palaeoecological strategies of genera Pistoprion, Rakvereprion and
Hadoprion were confirmed also from the peri-Gondwanan area (Prague Basin). The last
but not least contribution to scolecodont studies was a preliminary correlation of the
Bohemian late Silurian faunas with other regions that revealed a close relation of the
Prague Basin and Baltica polychaete faunas. Moreover, a lot of new options for
consequent studies were found and, with no doubt, scolecodonts from the Prague Basin

can bring a lot of new interesting information in the future.



Abstrakt

Skolekodonti (= kousaci desticky mnohostétinatych cervill) jsou obecné pomérné
opomijenou skupinou mikrofosilii. Je znamo, ze v dnesni dob¢, a ziejmée tomu tak bylo
i v minulosti, mnohoStétinatci piedstavuji pomérné vyzna¢nou ¢ast moiské fauny.
Znalost jejich rozSifeni a dalSich aspektt jejich Zivota nam miZze piinést dilezité
informace o charakteru paleoprostiedi. Ani prazska panev (Ceské republika) viak neni
vyjimkou a Cisté této skupiné byly doposud vénovany pouze dvé vyznacné publikace.
Cilem tohoto vyzkumu bylo vyplnit tuto mezeru a to nejprve studiem historickych
kolekei Dr. Zebery a Snajdra a nasledné jejich srovnanim s nové odebranymi vzorky a
také skolekodonty z jinych oblasti.

Jednim z hlavnich vysledkd tohoto vyzkumu bylo zna¢né rozsifeni diversity
skolekodontl svrchniho siluru prazské panve oproti diive publikovanym vysledkiim. V
posledni studii na toto téma, kterou publikoval Snajdr v roce 1951, je uvedeno, Ze
rozpoznal 4 druhy a dal$i dva ponechal v oteviené nomenklatuie. Revize této kolekce
ukézala, Ze se zde nachdzi nejmén¢ 11 druhti z celedi: Mochtyellidae, Polychaetaspidae,
Ramphoprionidae, Paulinitidae, Atraktoprionidae, Skalenoprionidae a Hadoprionidae.
Tato data byla jesté porovndvana s nové nashromazdénou sbirkou Celistnich desti¢ek z
priblizn€ stejné stratigrafické trovné. V nové kolekci bylo urceno 25 druhii, vcetné
jednoho nového taxonu ,,Mochtyella“ pragensis. Taxonomické studium bylo mimoto
zaméfeno i na druh Kettnerites kosoviensis, ktery je typovym druhem a byl stanoven
pravé v prazské panvi. Na rozdil od historickych sbirek, které obsahuji pouze vzorky
btidlic, byly pro nové sbéry zvoleny vapencové polohy, ze kterych je jednodussi ziskani
1zolovanych maxil.

Nebyly studovany pouze taxonomické problémy, ale navic bylo sledovéno
chovéni fauny v souvislosti se zménami prostiedi. Byl zaznamenan pokles diversity
polychaeti souvisejici s ,,Kozlowskii“ eventem. Studium paleoekologickych strategii
potvrdilo vazbu roda Pistoprion, Rakvereprion a Hadoprion na specificka prostiedi také
z oblasti peri-Gondwany (prazské panve). V neposledni fadé bylo pfinosem této studie
predbézné porovnani nalezenych spolecenstev s dalsimi regiony a ukazalo se, ze maji
uzkou vazbu na fauny Baltiky. V priibéhu feSeni tohoto projektu také vyvstaly dalsi
védecké otazky, které se budou feSit v dalSim vyzkumu a je ziejmé, Ze co se tyce

celistnatych polychaetli ma prazska panev jest¢ mnohé co nabidnout.
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1. Uvod

1.1 Uvod a cile prace

Hlavnim cilem prace bylo vyhodnoceni diversity skolekodontii (kousacich
desticek polychaetnich cervil) ze silurskych sedimentii prazské panve. Vyzkum
zahrnoval revizi historickych kolekei (Dr. Zebery a Dr. Snajdra) a jejich srovnani s nové
nasbiranymi vzorky za pouziti modernich metodik prace (chemicka extrakce, SEM).
Dalsim cilem bylo alesponi pfedbézné srovnani urCenych faun s nalezy popsanymi
Zjinych oblasti (napft. Svédsko, Estonsko, Polsko, Velka Britanie, Kanada) -
prostfednictvim studia publikované literatury a studiem kolekci v Polsku (VarSava,
Polska Akademia Nauk), Svédsku (Lund, Lund University), Estonsku (Tallinn, Tallinn
University of Technology) a Velké Britanii (Londyn, Natural History Museum).
V neposledni tfad¢ byla cilem prace pfedbéznad interpretace reakci spolecenstev
Celistnatych polychaetti na zmény podminek prostiedi (napt. tzv. Kozlowskii event).

Skolekodonti jsou ve srovnani s jinymi skupinami mikrofosilii ¢asto opomijeni,
avsak predevSim diky postupnému vyfeSeni nékterych taxonomickych otdzek se
ukazuje, ze i tato skupina pfinasi zajimavé poznatky o fosilnich spolecenstvech
a charakteru paleoprostfedi. Prazska pénev je jednou z nejlépe prozkoumanych
spodnopaleozoickych oblasti, avSak 1 zde jsou informace o celistnatych

mnohostétinatcich spiSe kusé, coz byl jeden z hlavnich impulsi pro zapoceti této prace.
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1.2 Struktura Prace

Disertacni prace zahrnuje uvodni ¢ast, ktera stru¢né piedstavuje geologii
studované oblasti, nasleduje popis metodiky prace, kde jsou uvedeny metody
zpracovani vzorkli a popis studovaného materialu, dalsi kapitola se stru¢né vénuje
skupin¢ Polychaeta (mnohostétinatci) a to nejprve obecné a poté jejimu fosilnimu
zaznamu. Dale navazuji informace o Celistnich aparatech eunicidnich ¢ervia a shrnuti
znamych dat tykajicich se skolekodontli. V zavérecnych kapitolach jsou diskutovani
skolekodonti prazské panve a to piedeviim sbirky Dr. Zebery a Dr. Snajdra a mozné
zpusoby vyuziti skolekodontl (paleobiogeografické interpretace, dopad zmén prostiedi
na bentické fauny, atp.).

Ptilohy (I-II) jsou ¢lanky v recenzovanych publikacich, kde je autorka disertacni
prace autorkou nebo spoluautorkou. Obsahuji dil¢i vysledky vyzkumu. Ptiloha ¢. I
(Tonarova 2008) je zaméfena na revizi historickych kolekci skolekodontti z prazské
panve atoto téma je rozvedeno i v priloze ¢. Il (Tonarova et al. 2012). V piiloze 11
(Eriksson et al. v tisku) a III je diskutovana nové shromazdéna sbirka silurskych
skolekodontti, s paleobiogeografickou interpretaci vyhodnocenych dat (v kontextu se
sveétovymi vyskyty silurskych skolekodonti). Mimoto jsou v piiloze III komentovany

zmény diversity skolekodontd v disledku ,,Kozlowskii* eventu.
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2. Geologie studované oblasti

Nemetamorfovana jednotka Ceského masivu, Barrandien, pojmenovana na pocest
vyzna¢ného védce a geologa Joachima Barranda (1799-1883), zahrnuje horninovy
proterozoicky podklad a na ném lezici uloZeniny starSiho paleozoika (kambrium az
devon). Kambrické uloZeniny jsou zachovany v tzv. ptibramsko-jinecké panvi (napf.
Krejci 1877; Kettner 1925; Havlicek 1949, 1950, 1971; Havlicek & Snajdr 1951; Fatka
2006) a skryjsko-tyiovické oblasti (napt. Krej¢i 1877; Kettner 1923, 1925; Fatka et al.
2011). Témét kontinudlni sled ordovickych az devonskych ulozenin, lezicich ptiblizné
mezi Prahou a Plzni, oznacil Havli¢ek (1981, 1982) jako prazskou panev, kterd je
systematicky studovana jiz po vice nez 150 let (Barrande 1852). Pocitaji-li se jiz prvni
zpravy (napt. Zeno 1770), je tomu jiz pies 200 let. Jiz Barrande (1852) rozclenil
sedimenty podle jejich charakteru a obsazenych fosilii na né¢kolik ,,pasem®. Nasledn¢
probihalo zptesnovani litostratigrafického clenéni prazské panve a to napt. v pracich
Lipold & Krej¢i (1860), Kettner & Kodym (1919), Havlicek (1980, 1981).
Biostratigraficky vyzkum je shrnut napf. v praci Havlicek & Vanék (1966),
sedimentologicky vyzkum v publikacich Kukala (1955, 1963). Celkovy piehled

vyzkumu prazské panve uvadi napt. Chlupac et al. (1992, 1998) nebo Ktiz (1999a).
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2.1 Silurské sedimenty prazské panve

Detailni studium silurskych ulozenin (Obr. 1) zapocal Barrande (1852), jehoz
vyzkumy pozd¢ji prohloubili naptiklad Lipold & Krej¢i (1860), Perner & Kodym
(1919), Boucek (1953, 1960, a dalsi prace), Prantl & Piibyl (1948), Kukal (1955),
Horny (1955, 1960, 1962), Fiala (1970), Kiiz (1975, 1991, 1992, a dalsi prace)
aHavli¢ek & Storch (1990). Kiiz (1991) rozlisil nékolik tektonickych bloki se
specifickym vyvojem, které detailn¢ popisuje napt. i Ki#iz (1992). V této praci je
uzivano litostratigrafické ¢lenéni podle Ktize (1975) a Kiize et al. (1986), biozonace dle
Havli¢ka & Storcha (1990), Storcha (1994, 2001) a Loydella (2012) - viz. Obr. 2.

Dnesni vyskyt silurskych hornin ptedstavuje pouze denudacni zbytek dochovany
v centralni ¢asti prazské synformy. Zachovand nemetamorfovana sekvence zachycuje
zaznam od llandovery az do ptidoli (Havlicek v Chlupacovi et al. 1992). Sedimentace
byla vyzna¢né ovliviiovana vulkanickou ¢innosti (aeronian az gorstian), s kulminaci pii
hranici wenlock/ludlow, a také synsedimentarni deformaci. V okoli center vulkanismu
vznikaly z vulkanoklastik mélké, dobie vétrané plosiny, které byly bohaté osidlovany
faunou (Ktiz 1992). Predmétem studia této prace byla piedev§im svrchni ¢ast
kopaninského souvrstvi, protoze z této stratigrafické urovné byl popsan nejhojnéjsi
vyskyt skolekodontil (Zebera 1935, Snajdr 1951).

Horniny spodniho siluru (llandovery, wenlock) oznacili Lipold & Krej¢i (1860)
jako liteniské vrstvy (Littener Schichten), dnes se uziva termin liteniska skupina (Kiiz
1975), ktera zahrnuje Zelkovické, litohlavské a motolské souvrstvi. Charakteristické pro
toto obdobi jsou hlavné ¢erné graptolitové btidlice, s postupné do nadlozi ptibyvajici
karbonatovou sedimentaci. V motolském souvrstvi popsal polychaetni faunu Boucek

(1941, 1947) a Snajdr (1951).
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Obr. 1. Schematickd mapka silurskych sedimenti prazské panve se zakreslenymi
lokalitami s dokumentovanym vyskytem skolekodontt (ptekresleno podle Havlicka &
Storcha 1990 z Tonarové 2008). Lokality popsané v praci Zebera (1935) &. 2, 3, 4;
Boudek (1941, 1947) &. 5; Snajdr (1951) &. 1, 3, 4, 5, 6. Lokality: 1. lom Kosov 2. Pod
lanovkou 3. Lom pod Kolednikem (lom Jarov) 4. Lis¢i lom (lomy Amerika U Budnan)

5. zéafez silnice z Lodénice do Bubovic 6. Arethusinova rokle.
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Graptolite
biostratigraphy

Series
Stage
Lithostratigraphy

Tonarova et al. (2012)

Boucek 1941, 1947

Zebera 1935
Snajdr 1951

transgrediens
perneri

bouceki

PRIDOLI

lochkovensis
ultimus - parultimus

fragmentalis

latilobus - balticus
kozlowskii
inexpectatus

Ludfordian

tenuis

LubDLow

linearis

Kopanina Formation \ Pozary Fm.

scanicus - chimaera
progenitor

Gorstian

nilssoni

ludensis
deubeli - praedeubeli

nassa
parvus

Homerian

lundgreni

perneri- ramosus
rigidus - belophorus

WENLOCK
Motol Formation

dubius
riccartonensis

Sheinwoodian

murchisoni
centrifugus

insectus

lapworthi
spiralis
tullbergi

Telychian

\Litohlavy Fm\

griestoniensis

crispus

turriculatus

linnaei
sedgwickii

convolutus
leptotheca

LLANDOVERY

Aeronian

simulans
pectinatus - triangulatus
cyphus

Zelkovice Fm.

vesiculosus

acuminatus
ascensus

Rhuddanian

Obr. 2. Graptolitovda zonace siluru s publikovanym vyskytem skolekodontu.

Stratigraficka tabulka podle Loydella (2012) a citaci uvedenych tamtéz.
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Nadlozni kopaninské souvrstvi (pfiblizné odpovida celému stupni ludlow) bylo
stanoveno Prantlem & Pfibylem (1948). Oproti podloznim vrstvam, ubyva
graptolitovych bfidlic a zacinad prevladat karbonatovd sedimentace. Mimo vulkanicka
centra sedimentuji vapnit¢ bridlice s tufitickym materidlem (K#iz 1992).
Hlubokovodnégjsi sedimenty jsou obecné vyvinuty v oblastech vzdalenéjSich od
vulkanickych elevaci. Toto souvrstvi je podle doposud zjisténych dat nejbohatsi na
vyskyt skolekodontt (viz. Snajdr 1951, Tonarova 2008, Tonarova et al. 2012).

Se stupném ludlow se v prazské panvi objevuje novy typ fauny - nové rody
a celedi trilobitd, ramenonozci, atd. (Horny 1962). Horny (1955) ptivodné vymezil 6
biohorizontd, ty pozd&ji upravil na 3 (Horny 1962): Encrinurus beaumonti (=
Encrinuraspis beaumonti), spolecenstvo Phacops fecundus (= Ananaspis fecunda)
a biohorizont Prionopeltis archiaci. Detailnim rozdélenim kopaninského souvrstvi na
zakladg fauny se zabyvali napiiklad Chlupa¢ (1987) a Havlicek & Storch (1990).

Ve spodni ¢asti kopaninského souvrstvi se ukladaly predevsim vépnité bridlice
s tufitickymi vlozkami. V obdobich mezi vulkanickymi epizodami osidlovaly vzniklé
tufitické vapence bentické organismy — a to napiiklad ramenonozci, lilijice, trilobiti
akorali (Havli¢ek & Storch 1990). V nadloZi se ukladaly organodetritické vapence
horizontu Encrinuraspis beaumonti. Lokaln¢ je vyvinut horizont tmavych vapnitych
bridlic s mikritickymi vapenci spoleenstva Acantholomina minuta, ktery je typicky pro
lokality Kosov a lomy Amerika. Nadlozni mikritické a biodetritické vapence s tenkymi
vlozkami vapnitych bfidlic spoleCenstva Ananaspis fecunda obsahuje hojnou faunu
trilobitli a ramenonozci. Ve svrchni Casti kopaninského souvrstvi je znatelné postupné
zm¢lCovani panve dolozené ptitomnosti meélkovodnich biodetritickych vépencd,
Hornym (1962) ptifazenym k horizontu Prionopeltis archiaci. Hojny je sesilni i vagilni

benthos — avsak trilobitova i ramenonozcova fauna je méné diversifikovana, korali jsou
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vzéacni. Misty je svrchni ¢ast horizontu Prionopeltis archiaci nahrazena hlavonozcovym
vapencem (tzv. ,,cephalopodovy* horizont podle Horného 1955).

Nejmladsi silurské pridolské souvrstvi stupné piidoli stanovili Prantl & Pribyl
(1948). Historie vyzkumu je ptehledn¢ uvedena v Kiiz et al. (1986). Spodni ¢ést
souvrstvi je charakterizovana prohloubenim prazské péanve, jehoz nasledkem doslo
k ukladani hlubokovodnéjsich mikritickych vapenct a vapnitych biidlic. Horny (1962)
rozlisil 2 litofacie, ,.slinitou” reprezentovanou rytmickou sedimentaci tmavych
mikritickych vépencl s tmavymi vapnitymi bfidlicemi a ,,vapnitou® reprezentovanou

fosilifernimi biosparitickymi vapenci (Havli¢ek & Storch 1990).
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3. Material a metodika prace

3.1 Material

Studované kolekce skolekodontli pochdzi z nékolika stratigrafickych urovni a z
n¢kolika lokalit (viz. Obr. 1 a 2). Prvni ¢ast studovaného materialu pochazi
Z historickych kolekei skolekodontii na vrstevnich plochéach, ulozenych v Narodnim
muzeu (NM) v Praze, ve sbirkdch Ustavu Geologie a Paleontologie (P¥irodovédecké
fakulty, Univerzity Karlovy v Praze - UGP PfF UK) a ve sbirkach Ceské geologické
sluzby. Druha ¢ast materidlu pochdzi z novych sbérii a jedna se o izolované jedince
ziskané chemickou extrakcei, a ktera je uloZena ve sbirkach Ceské Geologické sluzby
(CGS) v Praze.

Prvni historicka kolekce Dr. Karla Zebery (57 kust pod inventarnimi &isly
L42140-L42162 v NM, 130 ks po ¢isly UGP1-154 na PiF UK) je pfedevsim z Lomu
pod Kolednikem (pfidolské souvrstvi, graptolitova biozona Neocolonograptus ultimus -
N. parultimus) a Mofiny (budnanské vapence - kopaninské souvrstvi dle dne$niho
pojeti), nékolik kusi je z lomu Kosov u Berouna, z lokality Kosov pod lanovkou a z
pole za Kolednikem smérem ke Konéprusim také z kopaninského souvrstvi. Druha
historicka kolekce Dr. Milana Snajdra je pfedevsim z lomt Motina (Lis&i lom, n&kolik
tisic kusti ulozenych v NM pod akcesitnim ¢islem 32921, cca 1000 ks pod inventarnimi
&isly L33060-L.33123, L41341-1.42106, 4 kusy ve sbirkach CGS), z nékolika trovni
bfidlicnych poloh svrchni ¢asti  kopaninského souvrstvi (graptolitové zony
Pseudomonoclimacis latilobus — Slovinograptus balticus az P. fragmentalis). Dalsi
sbéry pochazi z lomu nad Jarovem u Berouna (NM akc. Cislo 32983, inventarni Cisla
L42107-L42131) a lokality Kosov u Kralova Dvora (NM akc. ¢islo 32984, inventarni
Cisla 142132-142139 také z kopaninského souvrstvi). Skolekodonti v obou sbirkach

jsou z bridliénych poloh, které se ukazaly jako nevhodné pro chemické rozpousténi.
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Nové€ nasbirana kolekce pochézi z lokalit Kosov a LiS¢i lom a je uloZena pod ¢isly

PT1-PT28 ve sbirkach CGS (cca 1100 prvnich a druhych maxil, n&kolik tisic dal3ich

maxil). Stratigraficky pochazi z urovné graptolitovych biozén Neocucullograptus

kozlowskii az P. latilobus - S. balticus. Tento material je na rozdil od ptedchozich sbirek

z vapencovych poloh a celisti byly izolovany pomoci kyselin (viz. metodika).

Terminologie uzivana v této praci vychazi piredevs§im z pojeti Kielan-Jaworowské

(1966), castecné z publikaci Jansonius & Craig (1971) a Bergman (1989).
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(double cusp)
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Obr. 3. Terminologie se schematickym vyobrazenim kousacich desticek. Terminy

pochazeji z prace Bergmana (1989), &eské ekvivalenty z praci Zebery (1935) a Snajdra

(1951). A.1, 2 leva druha maxila B leva prvni maxila C prvni prava maxila.
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3.2 Metodika prace

V priabéhu préace bylo testovano nékolik metod pro zpracovani vzorkd. Historické
sbirky byly pfedevsim usporadédvany a fotografovany pomoci digitalnich fotoaparatt
a kamer pfipojenych k optickému mikroskopu (viz. nize uvedend zafizeni) a také
prostfednictvim skenovaciho elektronového mikroskopu (SEM). Rozpousténi téchto
vzorki v kyselinach (HCI, HF) se ukazalo jako neefektivni (viz. Kapitola 6.3).
Fotografie poslouzily pfi katalogizaci exemplaift v Narodnim muzeu, ¢imz bylo
umoznéno zpiistupnéni této sbirky pro védeckou komunitu.

Srovnavaci nové nasbirané vzorky byly navic zpracovavany pomoci chemického
rozpousténi v mikropaleontologické laboratofi Ustavu geologie a paleontologie
(Ptirodovédecka fakulta, Univerzita Karlova). Pro chemickou extrakci se jako optimalni
ukéazalo pouziti 5% kyseliny octové s vyménou roztoku a sitovanim v pfiblizné
tydennich intervalech. Tato metoda byla k fosiliim nejSetrnéjsi, ale byla také ¢asové
30% kyseliny fluorovodikové. Obé posledné jmenované metody piinasely rychlé
vysledky, skolekodonti nebyli poskozeni, ale nebyly nalezeny Zadné spojené celisti
V piivodni pozici (jinymi slovy ¢aste¢né artikulované aparaty). Reziduum bylo sitovano
na situ o velikosti oka 50 um. Vybirani probihalo pomoci mikropipety nebo fasy
takzvanou ,,mokrou metodou* (podle Kielan-Jaworowské 1966). Vysouseni rezidua se
byla pfed vybiranim nalozena do roztoku hydrogen uhli¢itanu sodného (metodika podle
Jeppssona 2005), coz ,,vyCisti* roztok od jemnych rozptylenych ¢astic. Neékteti jedinci
museli byt nasledné docistovani pomoci koncentrované kyseliny fluorovodikové nebo
peroxidem vodiku. V pfipadé docisténi vzorkit pomoci HF probihala macerace

Vv kyselin¢ asi 10 minut, za pomoci peroxidu vodiku byly exempléafe docistovany po
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dobu asi jedné hodiny. Izolovani jedinci byli ulozeni do malych plastovych krabicek
(o velikosti cca 2 x 1 cm) s glycerinem, piipadné s ptidavkem formaldehydu, aby se
zamezilo rastu plisni.

K dokumentaci vzorkt byly pouzity optické mikroskopy Olympus SZX-ILL B200
s digitalni kamerou (Narodni muzeum v Praze; Ustav geologie a paleontologie,
Ptirodovédecka fakulta, Univerzita Karlova v Praze), Olympus SZX10 s digitalni
kamerou (Ceska geologicka sluzba), Olympus SZX12 s digitdlni kamerou Olympus
DP72 a Nikon AZ100 s digitalni kamerou (Institute of Geology, Tallinn University of
Technology, Estonsko), skenovaci elektronové mikroskopy JEOL JSM-6380 (UGP, Pif
UK), Hitachi S-3700N (Narodni muzeum v Praze), Hitachi S-3400N (Department of
Earth and Ecosystem Sciences, Lund University, Svédsko) a Zeiss EVO MA15 (Tallinn

University).

12



SKUPINA POLYCHAETA

4. Skupina Polychaeta

4.1 Charakteristika skupiny polychaeta

Systematické ¢lenéni skupiny Polychaeta (= Mnohostétinatci) je stale predmétem
diskuzi biologl 1 paleontologli. Jest¢ donedavna bylo uzivdno tucelové Clenéni na
errantni (pohyblivé) a sedentarni (pfisedlé) Cervy (dle Quatrefages 1866). V soucasnosti
se uziva prevazné systém zalozeny na kladistické analyze (napt. dle Rouse & Fauchald
1997), pticemz vétSina diivéjSich errantnich Cervii dnes spada do skupiny Aciculata
(Rouse & Pleijel 2001). Piehledné jsou zmény pojeti systematiky diskutovany napf.

Vv publikacich Fauchald & Rouse (1997) nebo v Beesley et al. (2000).

Zjednodusené schema systematického ¢lenéni skupiny polychaeta (podle Rouse &
Fauchalda 1997):
Polychaeta
Scolecida
Arenicolidae, Capitellidae, Maldanidae, Cossuridae, Opheliidae,
Orbiniidae, Paraonidae, Questidae, Scalibregmatidae
Palpata
Aciculata
Eunicida
Amphinomidae, Diurodrilidae, Dorvilleidae, Eunicidae,
Euphrosinidae, Hartmaniellidae, Histriobdellidae, Lumbrineridae,
Oenonidae, Onuphidae
Phyllodocida
Acoetidae. Alciopidae, Aphroditidae, Chrysopetalidae,

Eulepethidae, Glyceridae, Goniadidae, Hesionidae,
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Ichthyotomidae, lospilidae, Lacydoniidae, Lopadorhynchidae,
Myzostomidae, Nautillienellidae, Nephtyidae, Nereididae,
Paralacydoniidae, Pholoidae, Phyllodocidae, Pilargidae,
Pisionidae, Polynoidae, Pontodoridae, Sigalionidae,
Sphaerodoridae, Syllidae, Typhloscolecidae, Tomopteridae
Aciculata incertae sedis
Aberrantidae, Nerillidae, Spintheridae
Canalipalpata

Sabellida
Oweniidae, Sabellariidae, Serpulidae, Siboglinidae
Spionida
Apistobranchidae, Chaetopteridae, Longosomatidae,
Magelonidae, Poecilochaetidae, Spionidae, Trochochaetidae,
Uncispionidae
Terebellida
Acrocirridae, Alvinellidae, Ampharetidae, Cirratulidae,
Ctenodrilidae, Fauveliopsidae, Flabelligeridae, Pectinariidae,
Poeobiidae, Sternaspidae, Terebellidae, Trichobranchidae
Canalipata incertae sedis
Polygordiidae, Protodrilidae, Protodriloididae, Saccocirridae

Polychaeta incertae sedis

Aeolosomatidae, Potamodrilidae, Parerogodrilidae, Psammodrilidae

Skupina polychaeta pfedstavuje hlavni cast celkové diversity krouzkovci

(Boggemann 2006), fadi se k nim pies 8000 druhti, které se li§i svym vzhledem,
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zpusobem chovani a i dalsimi vlastnostmi. Jejich zastupci se vyskytuji od proterozoika
do recentu. Mnohostétinatci obyvaji prostiedi od sladkych vod, ptes brakické az po
meélké litoralni moiské vody (véetné tidalnich bazénll) a jsou pomérné tolerantni i ke
zménam salinity. Jejich hloubkovy vertikalni rozsah vyskytu je 650 metri (Hartman
1957). Casto se vyskytuji u kordlovych utesti. Hlavnim faktorem pii speciaci je teplota,
existuji teplomilné a chladnomilné fauny polychaetd (Tasch 1973). VétSina
mnohostétinatych ¢ervli ma planktonni larvy, diky nimz se snadno motskymi proudy
rozsifuji do dalSich oblasti. VétSina mnohostétinatych cervii je kratSich nez 10 cm
a jejich Sitka se pohybuje mezi 2 az 10 mm, ptfi¢emz velka ¢ast je mensich nez 1 mm.
Oproti tomu existuji i vyjimky dosahujici az 1 metru délky a Sifky asi palce (nejvetsi
znamy mnohostétinatec Eunice aphroditois Pallas, 1788 dosahuje délky az 3 metru).

Od ostatnich krouzkovci se mnohostétinatci 1iSi svoji schopnosti vytvareni
a obyvani rourek, které mohou byt na obou nebo jednom konci oteviené a které jsou
Castecné zahrabané v sedimentu nebo piichycené k povrchu. Trubicky se skladaji
z vldknitého proteinu, ktery ma vzhled a texturu celofanu, pergamenu nebo hedvabi.
Casto jsou k tomuto zakladnimu materidlu kvili zpevnéni a také ukryti v sedimentu
piitmelovany ulomky hornin ¢i podobny material. Serpulidae a Spirorbidae si obytnou
trubicku kalcifikuji, ¢imz si vytvareji ,,schranku® (Ruppert et al. 2004).

Pro stavbu téla polychaett jsou charakteristicka parapodia (,,koncetiny*), coZ jsou
lateralni masité vyristky télni stény. Kazdy segment téla nese 1 par parapodii, ktera jsou
vétsinou dvouramenna, skladajici se z dorzalni ¢asti = notopodium, a ventralni ¢asti =
neuropodium. Z dorzalni strany notopodia a ventralni Strany neuropodia vy¢nivaji
smyslové vybézky podobajici se tykadlim = cirri (Ruppert et al. 2004). V lalocich
parapodii (= rami) jsou uloZeny kapsovité chaetalni vaky (= chaetal sacs), které vylucuji

(194

svazky chaetae (“Stétin”). Chaetae zvife béhem zivota obnovuje (b&hem procesu
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»shazovani®), jejich tvar je pfizptisoben riznym funkcim, pfi¢emz i v jednom svazku
jich mtize byt nekolik typlti. VétSina je vyuzivana k usnadnéni pohybu pii hrabani
v sedimentu nebo po povrchu. Jejich vrcholy byvaji opatfené riznymi strukturami, jako
jsou jehlicky, hacky nebo zoubkované cCepelky. Neékteré chaetae jsou ve tvaru
lopatkovitych 1zicek, urenych ke kopani (= paleae), nebo padel urcenych k plavani,
nebo také nesou mikroskopické hacky podobné suchému zipu, které slouzi k ptichyceni
K vnitini sténé rourek a vrteb (Ruppert et al. 2004).

Polychaeti hraji také dulezitou roli v marinnim bentickém potravnim fetézci,
slouzi jako zdroj potravy pro ostatni zivoCichy (jako jsou ryby, mékkysi, korysi),
recykluji organickou hmotu ze sedimentu a rozkladaji rostlinnou hmotu. Jsou dobrym
ukazatelem kvality ekosystému a reaguji velmi citlivé na zmény prosttedi (chemické —
antropogenni, apod.), protoze ziji v pfimém kontaktu se sedimentem i vodnim sloupcem
(Pardo 2003).

Jiz Gardiner (1903) a pozd¢ji dalsi (napf. Hutchings & Peyrot-Clausade 2002)
zjistili, ze polychaeti jsou vyznamnymi Ciniteli pfi rozruSovani tutesovych hornin,
vybudovanych koréli a vapnitymi fasami (stejné tak t€émito Ciniteli mohou byt i motské
houby nebo ryby). Patii mezi né€ polychaeti s ¢elistmi Eunicea, ale i ¢ervi bez kousaciho
aparatu, ktefi k podobnému ucelu pouzivaji napt. chaetae ptizpiisobené k drceni. Tietim
zpusobem rozrusovani horniny je u nékterych sedentarnich ¢ervi chemické rozpousténi
(Yonge 1963). Mnozi mnohostétinati ¢ervi hrabou v sedimentu (napt. kvili ziskani
potravy anebo kvuli ochrané pted predatory), ¢imz zna¢né pfispivaji k redistribuci
organické hmoty a prokysliceni sedimentu (Hutchings 1998), a umoziuji tak pteziti

dalSich organismi.
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4.2 Fosilni zaznam polychaeta

Vzhledem k tomu, ze vétSina téla polychaetii je z mekkych tkéani, ndlezy celych
¢ervi jsou ve fosilnim zdznamu pomérné ojedinélé (napt. Ehlers 1868, 1869; Briggs &
Kear 1993; Pardo 2003), i kdyz napiiklad chaetaec maji vzhledem ke svému slozeni vétsi
fosilizaéni potencial (Merz & Woodin 2006). Castdji nez vlastni téla Gervi se
zachovavaji jejich chodby a struktury po hrabani, zvlasté pak od ptisedlych typt, které
pouzivaji pfi hrabani tmelici medium ve formé ,,slizu* (Pardo 2003). Z téchto divodu
jsou nase znalosti o fosilnich zastupcich této skupiny spiSe utrzkovité. Napiiklad
Fauchald (1977) uvadi, ze celkové je ve fosilnim zdznamu zastoupeno pouze 16%
Z Zijicich ttid polychaeta.

Ziejm¢ nejuplnéjsi fosilni zadznam mnohostétinatcti poskytuji relativné hojné
nalezy jejich Celisti (= skolekodonti). Polychaeti s celistnimi aparaty (nalezejici do
skupiny Aciculata) lze rozdélit na dvé velké skupiny Phyllodocida (s axidlnim
vychlipitelnym jicnem — tzv. proboscis) a Eunicida (s ventralnim vychlipitelnym
jicnem). Zastupci oddéleni Phyllodocida se objevuji az v pozdnim paleozoiku (Nakrem
et al. 2001), proto nejsou piedmétem této studie, ktera je zaméfena na silurské typy.

Vétsina paleozoickych skolekodontd patii do skupiny Eunicida (Szaniawski
1996), ktera se objevila v pozdnim kambriu (nejsvrchnéjs$i kambrium New Foundlandu
— Williams et al. 1999, s. 26). Ze spodniho ordoviku je dat stale pomérné malo, ale je
ziejmé, ze k diversifikaci skupiny doslo az ve spodnim az stfednim ordoviku, kdy
vznikla vétSina paleozoickych celedi a rodi. Velky nartst v hojnosti a diversité zac¢ina
pravé v darrivilu a v raném svrchnim ordoviku — diversita je pfiblizné stejnd az do
svrchniho ordoviku. VétSina druhii ze svrchniho ordoviku pretrvava az do siluru a zatim
nebyl pozorovan pokles diversity na hranici ordovik/silur (Hints et al. 2004). K dalsi

diversifikaci doslo v obdobi obmény paleozoickych faun na mezozoické.
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Skupina Eunicida dnes zahrnuje pies 900 druht, zafazenych ve 100 rodech. Jejich
zastupci obyvaji intertidalni az abysalni oblasti (Rouse & Pleijel 2001). Jsou to cervi
voln¢ zijici, lezouci, hrabajici nebo ptebyvajici v rourkach (Pettibone 1957). Potravni
strategie jsou také riznorodé, zahrnujici povrchové pozirani sedimentu nebo filtrovani
suspenze. Tito Cervi jsou masozravi, bylozravi a v nckolika vzacnych ptipadech
I paraziti¢ti (Ockelmann & Vahl 1970, Fauchald & Jumars 1979, Pettibone 1957, Petch

1986, Hutchings 1998).

4.3 Kousaci aparat eunicidnich polychaeti

Kousaci aparat eunicidi je umistén ve vychlipitelném jicnu (proboscis - pozerak).
Sklada se z dorzalni ¢asti, tvofené nékolika vétsinou parovymi maxilami (obvykle 4-6),
a paru ventraln¢ umisténych mandibul, poskytujicich piedev§im oporu pro ustni dutinu
a usnadnujici praci maxil (podle naptf. Dalese 1962 nebo Kielan-Jaworowské 1966).
Rozdilné chemické slozeni mandibul a maxil ovliviiuje jejich fosiliza¢ni potencial, coz
vysvétluje to, pro¢ se mandibuly vétsinou nezachovavaji.

Maxily slouzi k uchopeni kofisti nebo seSkrabavani potravy, ktera je pak zataZzena
do jicnu a nasledné do traviciho ustroji (Hartman 1944, Jansonius & Craig 1971, Wolf
1980). Oznacuji se podle umistnéni, ¢isluji se smérem od posteriornich k anteriornim
fimskymi Cislicemi - MI-MVI (Fauvel 1923, Hartman 1944, Lange 1947, Kielan-
Jaworowska 1966, Olive 1980, Wolf 1980). Parové Celisti se oznacuji jako leva a prava
(nebo sinistralni a dextralni) v pohledu z dorzalni strany. Dale byvaji soucasti aparatu
elementy oznaCované zvlaStnim jménem - jako jsou napt. parové drzaky (carriers),
bazalni desticka (podle Lange 1947), ,,vlozené“ (= intercalary) zuby anebo lateralni

zuby (napf. Kielan-Jaworowska 1966, Eriksson & Bergman 1998). Funkéni morfologii
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kousaciho aparatu soucasnych cervii se vénovalo né€kolik autord: napi. Dales (1962),

Hartmann-Schroder (1967), Michel & DeVillez (1978) anebo Wolf (1980).

4.4 Architektura Celistnich aparata

Podle architektury se Celistni aparaty déli na nékolik typt. Ehlers (1864, 1868,
1869) zavedl ¢lenéni na Labidognatha (podle feckého labis = klesté a gnathos = Celist)
a Prionognatha (podle prion = ,pila“); oba typy jsou hojné v paleozoiku. Ehlers
v architektufe Celistnich aparati spatfoval moznost taxonomického vyuziti (alespon ve
vy$8ich systematickych urovnich), coz vSak nebylo casto pfijimano. AZ pozdé&ji
Hartman (1944) pouzila pro ¢lenéni polychaetli systém zahrnujici i typ jejich Celistniho
aparatu.

Detailnim studiem architektury aparatii recentnich i fosilnich eunicidnich Cervt se
zabyvala Kielan-Jaworowska (1966), ktera definovala jesté dalsi typy a to Placognatha
(podle feckého plakos = desticka, v recentu se nevyskytuje, ale v paleozoiku je bézny)
a Ctenognatha (podle feckého ktenos = hieben). Mierzejewski & Mierzejewska (1975)
definovali paty typ Xenognatha (podle feckého xenos = zvlastni). Problematikou
architektury se dale zabyvalo mnozstvi autorti - napt. Kozur (1970), Orensanz (1990),
Lu & Fauchald (2000), Paxton (2000) nebo Rouse & Pleijel (2001).

Paxton (2009) detailn¢ revidovala popsané typy aparatl a to na zaklad¢ studia
jejich morfologie a ontogeneze, ale i fosilnich Celisti. Zrusila skupinu Xenognatha a rod
Archaeoprion Mierzejewski & Mierzejewska, 1975 piefadila k typu Ctenognatha. Na
druhé strané definovala novou skupinu Eulabidognatha pro fosilni zastupce s extrémné
malou pravou prvni maxilou (bazalni destickou) — a to skupinu Paulinitidae Lange,
1947, kteti jsou obecné povazovani za piedky dnesnich eunicidii a onuphidi (Kielan-

Jaworowska 1966, Orensanz 1990). Dale zavedla typ Symmetrognatha, jako pfechodny
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mezi Placognatha a Labidognatha, k némuz pfifadila fosilni ¢eledi Conjugaspidae Hints,
1999, Symmetroprionidae Kielan-Jaworowska, 1966 a dvé celedi recentni
Lumbrineridae Schmarda, 1861 a Hartmaniellidae Imajima, 1977. Timto je
Vv soucasnosti platnych celkem Sest typa architektury celistnich aparati eunicida (viz.
Tab. 1).

Soucasn¢ se studiem Celistnich aparati se autofi pokouSeli o nalezeni
fylogenetickych vztahi mezi jednotlivymi skupinami. Za nejvice ancestralni eunicidni
V pozdnim kambriu (Kielan-Jaworowska 1966, Hints & Nolvak 2006, Paxton 2009).
Pokrocilejsi formy vznikaji az v raném az stfednim ordoviku (Hints & Nolvak 2006).
Zastupci Symmetrognatha se objevuji ve spodnim ordoviku (Hints 1999). Nejstarsi
zastupci labidognatniho typu ndlezi mezi Polychaetaspidae a prionognatniho typu mezi
Atraktoprionidae, obé skupiny jsou znamé od rané¢ho stiedniho ordoviku (napt. Hints &
Eriksson 2007a, Paxton 2009). Eulabidognatni typ zastoupeny rodem Kettnerites se

objevuje az v pozdnim ordoviku (Hints & Eriksson 2007a).

Tab. 1. Struény popis architektury jednotlivych typd Celistnich aparati s vyctem
fosilnich a recentnich zastupct dle prace Paxton (2009).

lateralni a anteriorni zuby (lateral and anterior teeth)

- vloZeny zub (intercalary tooth)
- MV (pata maxila)

- MIV (&tvrta maxila)

- MIlI (tfeti maxila)

MIl (druha maxila)

- MI (prvni maxila)

bazalni, leobazalni desti¢ka (basal, laeobasal plate)

Legenda ke schématiim v tabulce 1: Bl o2y (carrers)

20



SKUPINA POLYCHAETA

(sepiuoudopieny)
0961 ‘BYSmoiomep-uelary

9EpI||9PQOUISIHL

Aezip synojp

‘yoepey z oA nuawale nied
G ‘exensap jujezeq eeid
1Is1199 nieA} oA fjuaws|e

sMNWI0o uoudopieny _ aepluouan aepluoudopieny JUD281 - YIAOPIO JUPBLS Juious)sod ‘AxoujewAhse eyjeubouold
Aezip oxien
‘muawsjd nied 9-G ‘exnsap
Julezeq eaeud ‘nuawald
yojuiousyue Ayniynd ewgap
n1seg Jupaid A guadojigo
(aepniulneq) ‘(sdeouoy=) Nso,
(9961 ‘BYSmoiomep-ue|aiy) aepiydnuQ Ze 111199 NJeA} aA Ajuaws|d
sisuauojod sajuaupey] aepiolung aephiulned Juaoal - JInopio jupzod ulousysod !AyolyewAse eyjeubopige|n3
Aezip oxpesy
‘muawsjd nied 9-G ‘exnsep
aepiuoudoydweyy Jujezeq eaeud ‘njuawajd
aepunjaeyohjod yolulousyue Aynuyjnd ewaap
aepidsejaeyohjod nse9 Jupaid A suadopiqo
(eepidsejaeyoh|od) aepiuoudoue|ary ‘(sdeouoy=) nsapy,
(9661 ‘DsSmojzoy) aepiuoudojey ZE 1}S1199 NIeA} aA Ajusws|d
SISuapo.bozsAm sajiuousQ nosfau aepiuoudoupeH BpLY - YIAOPIO Jupals juiousysod Axouswise eyjeubopiqe
Asezip synojp gupajs
(eepiuoudonawwAig) aepiuoudonowwAis ze ayjely (sdaoloy=) sap,
(z881 ‘@pulH) aepuauLqunT aepl||eluewpeH Ze 111199 nJeA} aA Ajuaws|d
snsopeds uoudonawwAs aepidsebnfuo) Jua2al - YIAopIo Auel juioud)sod ‘AxyouyawAs eyjeubolpwwisg
(eepiuoudena))
9961 ‘B)SMOIOMEP-UB|DIY 19Ayo
aeys/Aiezod uoudens] g Aezip ‘ngnz yoAuyagod
[eepiuoudoseyouy) aepiuoudesa] yoAjew |waA peJ 80JA 0gau
G/61 ‘BYsmalezial B 1 ¥ ‘9NAoxRnsap Auswsaje
nismaleziaiy snyejsuoLpenb aepiwmydi;, aepig|InoQ Jusouajsod ‘fouyewAsgns
uoudoseyoly aepig||inoQg aepiuoudoseyoly, | Juadal - jwnuquey jupzod ze MpujpwAis eyjeubous})
19Aud Axezip ngnz Apey
(eepieAiyoo) aepiuoudoluex JUIOLIBJUE Z ‘QUAONQNISOP
9961 ‘eysmoiomer aepiuoudnAyy Kuswsaje julousysod
-ue|aly| suejisuel) uoudojsid nosfau aepl||oA)yooy | juedal - wnuquey jupzod | AxouewAse ze fyoujpwAs eyjeubooe|q

jesede AuazelqohAp

ewsayog

Auidnys Jujuasey

Auidnyjs jujiso4

Auidnys Leis

njesede sidod Augnng

njesede dA|

21



SKUPINA ,,SCOLECODONTA*

5. Skupina ,,Scolecodonta“

5.1 Charakteristika

Tato skupina byla ve srovnani s jinymi mikrofosiliemi ¢asto ponékud opomijena.
Pti¢inou byla ziejmé predevsim slozitd a nejednotna taxonomie. Soucasn¢ byl pouzivan
parataxonomicky systém, kdy byly pojmenovavany jednotlivé morfotypy bez ohledu na
biologickou prislusnost, a zaroven i systém zalozeny na zaklad¢ urceni pfirozenych
aparati a pfifazeni jejich jednotlivych elementi k jednomu druhu (diskuze v Kielan-
Jaworowska 1968, Eriksson & Bergman 1998, Eriksson et al. 2000). Obzvlasté diky
sjednoceni taxonomie a prechodu na systematiku zalozenou piedevSim na
rekonstrukcich kousacich aparati, se v poslednich letech a desetiletich ukazuje, Ze i tato
skupina mize pfinést dilezité informace o paleoprostiedi, poslouZit alesponi jako lokalni
biostratigtraficky nastroj a v neposledni fad¢ piinést dulezité informace o fylogenezi
mnohostétinatct.

Charakteristickou pro skolekodonty je jejich barva, vétSinou hnédé, cernohnéda az
¢erna. Dorzélni povrch maxil byva hladky a leskly (aZ na oblast vtisku po posteriornim
vazu, ktera byva skulpturovand). Ventralni povrch je naopak drsny az
mikrogranulovany (Eriksson 1999). Vliv na povahu povrchu skolekodonti ma ale také
zpiisob zachovani. Celistni desticky jsou az na mandibuly a drzdky duté (Bergman
1991). Jsou odolné vuc¢i kyselindm, oxidaci, termalni alteraci a rekrystalizaci
karbonatové matrix (Jansonius & Craig 1974). Z téchto vlastnosti vyplyva i vysvétleni
pro jejich zachovani i v horninach, kde jiné fosilie jiz byly zniCeny (napf. spory,
akritarcha, ostrakodi). Velikost skolekodontti se bézn¢ pohybuje od 0,2 do 5 mm, ale
byly nelezeny i vétsi Celisti — az 9 mm na lokalit€ Vattenfallsprofilen 1 na Gotlandu,
Svédsko (Bergman 1998). Jansonius & Craig (1974) podle pramémé velikosti

skolekodontli vypocetli délku téchto cervli na cca 30,4 cm (12 palct).
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5.2 Struény prehled historie vyzkumu spodnopaleozoickych

skolekodontu

Eichwald (1854, tab. 11, obr. 9-10) popsal ze siluru Estonska (Isle of Oesel neboli
Saaremaa) prvni nalez skolekodonta. Oznacil jej ale jako druh Sphagodus obliquus
a interpretoval jej jako zbytek ryb. Pander (1856) tento nalez ptifadil k rodu Aulacodus,
avSak neurcil jej jako mnohostétinatce, pouze zminil jeho odlisnost od konodontd. Az
pozdé&ji Hinde (1879) urcil pravou povahu téchto zubi a pfifadil Celist k rodu Eunicites
Ehlers, 1868. Hinde (1882) ale uvadi, Zze prvni, kdo objevil pravou ptisluSnost
skolekodontli byl zfejm¢ profesor Angelin, kdyZ v dopise z r. 1864 psal o nalezech
z Gotlandu a interpretoval je jako zbytky krouzkovct. Bohuzel své poznatky nestihl
publikovat. Hinde (1879, 1880, 1882, 1896) ziejmé¢ jako vibec prvni komplexné
vyhodnotil a publikoval vysledky svych vyzkumii tykajicich se skolekodontii.
Zpracovaval paleozoické kousaci aparaty Kanady, Velké Britanie a Gotlandu
(Svédsko). Sbirka je nyni ulozena v Natural History Museum v Londyné (pod ¢&isly
A2060-2421, A2842, A2844-2864, A2882-2904, A2948-3082, A3093-3149, A3154-
3179, A3187-3468, A3471-3940) a slouzi jako dulezitd srovnavaci kolekce obsahujici
nékolik typovych jedincl. Kolekce byla ¢astecné vyuzita pro srovnani i v této praci.

K pojmenovani skupiny jako ,.Scolecodonta™ doslo az v praci Croneis & Scott
(1933) a to podle teckych slov ,,scolex* = ¢erv a ,,0don* = zub. Pod timto oznaéenim je
pak zpracovaval napt. Stauffer (1933, 1939) v USA, Eisenack (1939, 1968) v Pobalti a
Zebera (1935, 1936) v Ceské republice. Od é&tyficatych let byl vyznaénym autorem
zabyvajicim se touto skupinou Eller (napt. 1940, 1944, 1945 a dalSich asi 20 praci),

ktery zpracovaval skolekodonty Severni Ameriky. Eller vSak bohuzel vyuZival
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predevsim parataxonomicky systém, kdy pro kazdy morfotyp stanovil novy druh, coz
vedlo ke vzniku nékolika set druhd, které je nutné zrevidovat dle dnesnich poznatki.

Nékolik dilezitych dil¢ich studii je i z dalSich oblasti. V Jizni Americe to byl
Lange (1947), ktery popsal skolekodonty z devonskych hornin Brazilie. Mimo jiné také
jako jeden z prvnich pouzival ,pfirozenou® taxonomii, zaloZzenou na rekonstrukcich
uplnych aparati. Revize a nové vyobrazeni sbirky je uvedeno v praci Eriksson et al.
(2011). V Némecku zasadni vyzkumy provadél Kozur (1967, 1970, 1971), ktery se
zaméfil také na fylogenezi eunicidii, a také Wolf (1976, 1980). Ve Francii se
skolekodonty zabyval pfedevsim Taugourdeau (napt. 1967, 1971, 1978 a asi 20 dalsich
praci), ktery je zndmy také svymi Cetnymi studiemi skupiny Chitinozoa. Tento autor
také publikoval studie tykajici se skolekodontii z oblasti Sahary (Taugourdeau 1968).
V Rusku se skolekodonty zabyvali Ménnil & Zaslavskaya (1985a, b), jejichz praci
¢astecné revidoval Hints (1998b).

Unikatni vyzkumna skupina vznikla v Polsku. Zalozil ji Kozlowskii (1956) a pod
jeho vedenim pokracovala Kielan-Jaworowska (1961, 1962, 1966), kterd svym studiem
zaloZzenym ptevazné na celych kousacich aparatech a také srovnanim s recentnimi
zastupci polozila zaklady pro vSechny dalsi vyzkumy této skupiny. Navazuje na ni
Szaniawski (1968, 1970, 1996), ktery se vénoval nejen paleozoickym ale
I mezozoickym skolekodontim (Szaniawski 1974) a interpretaci jejich fylogenetickych
vztahil. Predevsim v 70. letech se skolekodonty v Polsku zabyvali jest¢ Mierzejewski
a Mierzejewska (Mierzejewski 1978a, b; Mierzejewska & Mierzejewski 1978;
Mierzejewski & Mierzejewska 1975; viz. také nize v kapitole 5.3).

Vyznaény pokrok ve vyzkumu této skupiny pfinesly studie z oblasti Baltiky, a to
z dnesniho Svédska (predevsim ostrov Gotland - napi. Bergman 1987, 1989; Eriksson

1997, 2000, 2001, 2006a, b a dalsi) a Estonska (napf. Hints 1998a, 2000). Vysledky
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téchto studii pfinesly pfedev§im vyfeSeni mnozstvi taxonomickych otazek a to jak
dil¢ich, tak vedoucich ke zpfesnéni fylogeneze cCelistnatych polychaetd, ale také
moznost dalSitho vyuziti této skupiny napiiklad pro paleoekologické nebo
paleogeografické interpretace.

Historii vyzkumu skolekodontt pifehledné shrnuli napt. Jansonius & Craig (1971),
Kielan-Jaworowska (1966, 1968), Bergman (1989), Szaniawski (1996), Eriksson et al.

(2004) a dalsi.

5.3 Chemickeé slozeni skolekodontu

Témér od pocatkl vyzkumu skolekodontti se autoti zamysleli nad jejich slozenim.
Pievazovala ptedstava, ze se skladaji pfedev§im z chitinu (Ehlers 1864, Arwidsson
1899, Eisenack 1939, Schifer 1962, a mnozi dalsi) a i n¢které dnesSni ucebnice tuto
informaci stale uvadéji. Jiz Lange (1947) pozorovanim zjistil, Ze se lisi slozeni maxil
a mandibul, coz vyvozoval mimo jiné ze skuteCnosti, ze se mandibuly ve srovnani
s maxilami zachovavaji mnohem vzéacnéji. Pfiblizné od Sedesatych let 20. stoleti
probiha vyzkum chemického slozeni a ultrastruktury fosilnich i recentnich zéastupct
(Schwab 1966, Voss-Foucart et al. 1973, Olive 1980, Michel & DeVillez 1978,
Valderhaug 1985, Colbath 1986a, Goodarzi & Higgins 1987, Eriksson & Elfman 2000,
a dalsi). Tyto vyzkumy ukazaly, Ze se skolekodonti skladaji z mineralizovanych
sklerotizovanych proteini a aminokyselin — glycinu a histidinu (zastoupeni dalSich
kyselin se 1isi podle jednotlivych taxontl). Obsahuji: kfemik, siru, chlor, draslik, vapnik,
méd’, zelezo, zinek, nikl, titan, chrom a né¢kdy i1 fosfor, mangan, brom a jod (Olive 1980,
Elfman et al. 1999). VétSina prvkl je rozmisténa homogenné, ale nckteré celisti jsou

Vv oblastech vystavenych vétSsim narokiim na odolnost viici abrazi (pfevazné v anteriorni
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¢asti) nabohaceny dalSimi slozkami (Bryan & Gibbs 1979, Gibbs & Bryan 1980,
Elfman et al. 1999, Eriksson & Elfman 2000).

Slozeni celisti je ovlivnéno chemickych sloZzenim vody, potravnimi navyky
aslozenim sedimentu. Fosilni materidl je mimoto ziejmé ovlivnén diagenezi,
zvétravanim a vylouzenim (Elfman et al. 1999). Nabohaceni prvki v urCitych castech
fosilnich skolekodonti detailn¢ zkoumali Eriksson & Elfman (2000). U taxonu
Atraktoprion sp. zjistili zvySeny obsah médi a zeleza u vnitini ¢asti prvniho zubu (=
hook), ale také v posteriorni ozubené casti. U dals§iho druhu Kettnerites (K.)
martinssonii pozorovali smérem k anteriorni ¢asti nardst obsahu zinku, ostatni prvky
byly viceméné homogenné rozlozeny. Prvni Celist taxonu Protarabellites sp. byla témé&r
bez vyjimky vyrazn¢ poskozend v anteriorni ¢asti. Morfologie naznacuje, ze slouzily
spiSe k uchopovani potravy, pii kterém by k poruseni nedoslo. Autofi za
nejpravdépodobnéjsi vysvétleni tohoto zachovani uvadi zvétravani zelezitych mineralt
a jejich objemovy narust vedouci ke zniCeni pfislusné casti. Tyto minerdly jsou
nabohaceny pravé v anteriorni &asti (Eriksson 1999). Celist Ramphoprion sp. byla
nabohacena Zelezem (zv1asté u ozubeni), a také niklem a arsenem. U Celisti Glycera sp.
bylo zelezo koncentrovdno anteriorné a timto smérem rostl 1 obsah zinku a médi, ostatni
prvky byly viceméné rovnomérné rozmisténé. SloZzenim pfipominaji 1 dneSni zastupce
rodu Glycera. Autofi prokazali, ze slozeni Celisti dne$nich nereidd je podobné napt.
K. martinssonii, coz naznacuje, ze by mohlo byt chemickych metod vyuzivano i pfi
studiu fylogenetickych vztaht.

Souvislost mezi fylogenetickymi vztahy polychaetli a chemickym slozenim celisti
zkoumali a nalezli jiz Voss-Foucart et al. (1973). Zjistili, Ze celisti polychaetl
s axidlnim vychlipitelnym jicnem se zna¢n€ 1iSi od slozeni maxil a mandibul

eunicidnich polychaetl (s ventralnim ustnim orgdnem). Vysledky zjisténé vyzkumem

26



SKUPINA ,,SCOLECODONTA*

Voss-Foucart et al. (1973) souhlasi s taxonomickym systémem a fylogenetickymi
vztahy navrzenymi napt. v praci Dales (1962). Rozdily mezi témito skupinami
(Eunicida x Phyllodocida) potvrdili i Mierzejewska & Mierzejewski (1978) pii studiu
ultrastruktury, prakticky vyznam vSak vzhledem k naro¢nosti metodiky studia
nespatiuji. O vyuziti chemického slozeni elementi v taxonomii se pokousel také
Colbath (1986a), avSak uvadi, ze slozeni Celisti modernich eunicidi je mozné vyuzit
pouze na Urovni tid.

Ultrastrukturou skolekodontii se také zabyval Schwab (1966) a pozd¢ji Corradini
et al. (1974), ktefi zjistili, Ze se Celisti skladaji ze 4 vrstev, v nichZ se objevuji rizné
typy kanalk. Funkce kanalkti nebyla doposud zcela dofeSena, ale velké vertikalni
kanalky byly interpretovany jako cesty pro nervové drahy — Celisti totiz neslouzi pouze
k uchopeni potravy a kousani, ale i jako smyslové organy. Nékteré z kanalkl ziejmée
také prispivaji ke zvyseni elasticity zubu. Dale popisuji, Ze povrch skolekodontti neni
tak hladky, jak se uvadelo diive, ale objevuji se na ném paralelni striace (napf.
u Polychaetaspis tuberculatus) — pfevazné na dorzalni stran¢, ventralni strana a uvnitf
struktury — polygonalni sit’ — ktera mohla slouzit jako oblast pro pfichyceni svalu.

Dalsimi autory zabyvajicimi se ultrastrukturou byli Mierzejewska & Mierzejewski
(1978). Studovali mimo jiné strukturu xenognatnich a placognatnich celisti
prostfednictvim TEM (transmisni elektronové mikroskopie), pozorovali systémy
kanalktl v matrix, a interpretovali je jako struktury souvisejici s metabolickou aktivitou
kolagenu a biochemickymi zménami béhem zpeviiovani cCelistnich desticek. Celkové
biochemické sloZeni je vSak dle Dutty et al. (2010) v riznych vrstvach Celisti stejné.

Nékolik autort testovalo moznost vyuZiti skolekodontli pro ur€eni indexu

maturace hornin (Goodarzi & Higgins 1987, Bertrand 1990, Goodarzi et al. 1992).
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Goodarzi & Higgins (1987) urcili, Ze odraznost skolekodontl v oleji je od 0,35 do
1,63% ve srovnani s konodontovym barevnym altera¢nim indexem (CAI) v rozsahu 1,5-
3,5. Jejich odraznost tedy miize byt pouzivana ke zjisténi maximalni hloubky pohibeni
horniny. Odraznost roste s rostouci zralosti horniny, ktera byla zjisténa vzrustem CAI
ajeji zmény maji stejné trendy maturace jako u graptoliti. Naptiklad hodnoty
odraznosti skolekodontt od 0,35 do 0,84% odpovidaji ropnému oknu, zatimco 1,63%
odpovida ptrezralému sedimentu, suché plynné zény. Z tohoto je ziejma dal$i moznost
vyuziti skolekodontl, pokud nejsou v hornin¢ pfitomni konodonti nebo vitrinit.
Vysledky Nowaczewskiho (2011), ktery zkoumal skolekodonty za pomoci FTIR
(Fourier transform infrared) mikrospektroskopie, ukazuji, Ze by je bylo mozné vyuzit
také pro ucely paleoenvironmentalni geochemie (studia pomérti izotopt uhliku), protoze
vykazuji pomérné dobrou schopnost zachovani primarniho stavebniho materialu. Toto

posledni vyuziti je ale nutné potvrdit dalsim vyzkumem.

5.4 Vyména a rist Celistnich aparati

Vzhledem k mnoZstvi skolekodontli v horning (napt. 100 az 1500 elementd na
kilogram horniny, Hints et al. 2006) je malo pravdépodobné, Ze by se jednalo pouze
0 zbytky mrtvych jedinct. Cast maxil ziejmé predstavuje zuby ,,odlozené” pii jejich
vymeéng¢ jiz za zivota zvitete (napt. Colbath 1987, Kielan-Jaworowska 1966). Ani nalezy
artikulovanych aparati nemusi pifedstavovat uhynulého jedince, ale dochazi i ke
svlékani celého aparatu (Paxton 2005, 2006). Colbath (1986b) zdokumentoval nalezy
artikulovanych aparatti nachéazejicich se v obsahu traviciho traktu ryb.

Celkove se ale liSily nazory na to, zda dochéazi k postupnému riistu Celisti nebo
jejich totalni vyméné (napt. Ehlers 1868, 1869). Autofi se ptiklanéli k vyméné cCelisti

Vv pribéhu Zivota z nékolika divodi. Prvni z nich byl, Ze juvenilni Celisti se mohou
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velmi liSit od kousacich aparatii dospélcti (Monro 1924, Fauchald 1982, Carrasco 1983,
Colbath 1987, Bergman 1989, Fauchald & Rouse 1997). Dale byly pozorovany netplné
vyvinuté maxily u jedince s velkymi, pln¢ vyvinutymi mandibulami, nesoucimi na svém
povrchu prirastkové linie (Kielan-Jaworowska 1966, Colbath 1987), zatimco maxily
ptirtstkové linie nemély. V nékterych celistech placognatniho typu byly nalezeny
identické Celisti narovnané jedna pod druhou - tzv. ,jaw in jaw arrangement* (Kielan-
Jaworowska 1966, Schwab 1966, Mierzejewski 1978a). V pribéhu let se podafilo
alespont u nékterych skupin prokazat, jakym zplisobem se béhem ontogeneze cCelisti
obménuji. Pozorovani jsou ale pomérn¢ komplikovana, vzhledem k tomu, Ze proces
vymény aparatu je ziejm¢ velmi rychly. Naélezy jedinci s castecné vyménénymi
maxilami jsou velmi vzacné (Colbath 1987, Paxton 2005).

Kielan-Jaworowska (1966) a Schwab (1966) nezavisle na sobé popsali vyménu
Celisti u polychaetdi s placognatnim typem aparatd. Tvrzeni podlozili nalezem
sekundarnich zoubkti v myocoelu u druhtt Mochtyella cristata Kielan-Jaworowska,
1961 a Vistulella sp. Schwab (1966) je popisoval i u jedinca druhu Staurocephalites
Hinde, 1879, ktefi zfejmé také nalezi k Mochtyellidae. Szaniawski (1970) popsal
jedince se sekundarnimi zuby jako zvlastni druh Mochtyella multilamellata Szaniawski,
1970, pficemz stejné jedince bez sekundarnich zoubkl oznacil jako Mochtyella fragilis
Szaniawski, 1970. Paxton (1980, 2004) popisuje periodickou vyménu (svlékani) Celisti
pro ctenognatni typ. Dochéazi k nému zvlaStnim a zfeymé unikétnim zptisobem, kdy se
nove Celisti vyviji ve ,,vacku* umisténym vzhledem ke starym celistem ventrolateralné
(Paxton 2006). Pro labidognatni a prionognatni typ Paxton (1980) uvadi, Zze bazalni
otevieni jsou pfiliS§ mala pro tvorbu novych celisti stejnym principem - ristem pod
starymi Celistmi - piiklani se k prabéznému ristu béhem zivota. O vymeéné Celisti

u Prionognatha je obecné znamo velmi malo, ale zfejmé k nému také dochdzelo.
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U skupiny Onuphidae (Eulabidognatha) rtist maxil v pribéhu Zivota prokazala Paxton
(1980, 2006) - dojde ke svleCeni epidermalnich bunék z wvnitiniho povrchu staré
kutikuly anasleduje vytvoreni nové kutikuly. Tento proces je pfi¢inou vzniki tzv.
Celisti v Celisti (= pharate jaw). Stejny zpusob vymény celisti se predpoklada
u vyhynulych i dnesnich zastupcti Labidognatha.

Mandibuly eunicidnich ¢ervil na rozdil od maxil béhem zivota doruUstaji a k jejich
vyméné nedochazi (Paxton 1979, 1980, 2000, 2004). Jsou na nich patrné ptirtistkové

linie a nejsou duté ale plné.

5.5 Facialni zavislost a zachovani skolekodontia v sedimentu

Jiz Eller (1944) uvadi, ze mnozstvi a diversita nalezenych skolekodonti klesa od
oblasti s detritickym sedimentem a cefinami (velmi mélké zony) k oblastem s vySsi
karbonatovou slozkou a dolomity. Pozd¢jsi studie se vétSinou shoduji v tom, ze nejvetsi
mnozstvi a taxonomicka diversita Celistnatych polychaetti je v mél¢im prostiedi a jejich
vyskyt je Gizce spojen s faciemi (Bergman 1979, 1989, 1995; Szaniawski 1996; Eriksson
1997, 1998, 2000, 2001; Hints 1999, 2000; Bergman et al. 2003; Hints et al. 2006; Hints
& Eriksson 2007a, b). Zaroven je vSak taxonomicka diversita i mnozstvi skolekodontt
obecné velmi nizké ve velmi mélkych oblastech — v supratiddlu a intertidalu, tzn.
v oblastech s vysokou energii. Pravdépodobnost zachovani organismt v posledné
jmenovanych oblastech je ale celkové velmi nizka. Baudu (1994) a Baudu & Paris
(1995) maji jiny nazor na facialni zavislost skolekodontti. Autofi ve spodno-devonskych
uloZeninach nevidi Zadnou souvislost mezi vyskytem skolekodontli a distalni nebo
proximalni oblasti, ani vztah ke zmén¢ litologie. Je vSak nutné uvést, Ze zavéry vsech

zminénych autori mohou byt Castecné zkresleny mnozstvim dostupnych dat pravé
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z mélkovodnich vapenct, které znacné pievysSuje studie z hlubokovodnéjsich oblasti -
pod dosahem boutkovych vin (Eriksson & Bergman 2003).

Bergman (1983) se zabyval konkrétnimi druhy skolekodontli z pohledu jejich
facialni zavislosti. Rod Paulinites (= Kettnerites) ma podle n¢j Siroké rozsifeni. Pozdéji
se Bergman (1987, 1989, 1991) zabyval paulinitidnimi polychaety jesté detailnéji a urcil
typické prostiedi pro jednotlivé druhy. DalSim Siroce rozsitenym rodem je dle
Bergmana (1983) Polychaetaspis (Oenonites dle dnesni taxonomie), ale ten jiz jevi
preferenci mél¢iho prostfedi a nevyskytuje se v sedimentech vzniklych v hlubokém
prostiedi. ZvySeny vyskyt zastupci tohoto rodu podle Bergmana znaéi prostiedi
mélkovodni. Rod Langeites Kielan-Jaworowska, 1966 autor popisuje jako vysoce
specializovany, vyskytujici se pouze ve slinitych sedimentech relativné hlubsich vod.
Dalsi vyznacna studie hloubkové zavislosti vybranych ordovickych skolekodontl je
diskutovana v praci Hintse (2000). Nékteré vysledky byly potvrzeny i pro silur (Rubel
et al. 2007, Tonarova et al. 2012, viz. také nize v kapitole 7.2).

Nejlépe se skolekodonti zachovavaji v jemnozrnnych hornindch s vysokym
karbonatovym obsahem (Bergman 1989). M¢lké a teplé prostiedi zfejmé predstavovalo
idealni podminky pro jejich Zivot (Bergman 1989, Eriksson 1997). V hlubokovodnéjSim
prostfedi fauna neni moc diversifikovana a hojnd, vétSina jedinct je také mensich
rozmérit (Bergman 1989). Studie na dnesSnich polychaetech ukézaly, Ze by mohli byt
vhodnym ukazatelem celkové moiské biodiverzity (napi. Olsgard et al. 2003), ovéteni
této skutecnosti v paleozoiku ale jesté musi byt potvrzeno. Také neni jisté, zda jsou niky
fosilnich polychaetii analogické s témi recentnimi (George & Hartmann-Schroder

1985).
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6. Skolekodonti prazské panve
6.1 Struc¢na historie vyzkumu celistnatych mnohoStétinatci v prazské
panvi

Podobn¢ jako v jinych oblastech ani v prazské panvi nebylo studium
skolekodontti zdaleka klicovym tématem paleontologickych vyzkumt. Jedna z prvnich
tisténych zminek je z lomu pod Kolednikem v privodci Kodyma et al. (1931). Perner
spolu s Boutkem a Sulcem ve vyzkumu pokradovali a sbéry z Koledniku a Kosova
(v letech 1928-1932) potvrdili ptitomnost skolekodontd v silurskych horninach. Tyto
nalezy mél k dispozici Zebera, ktery ve sbérech pokraoval spolu s Augustou (v letech
1933-1934), a podafilo se jim nashromdzdit ptes 150 exemplaiti (z pasma ef,
kopaninské souvrstvi, jilovité bfidlice s vapnitymi konkrecemi a lavicemi). Vysledky
vyzkumu publikoval Zebera (1935), coz je zaroveii také prvni komplexni studie
zabyvajici se Celistnatymi mnohostétinatei prazské panve (diskuze ke kolekei viz. nize
a v pracich Tonarova 2008, Tonarova et al. 2012).

Dalsi lokalitu ,lomy Prazské zelezarské spolecnosti na Mofiné* navstévoval
Boucek, a také zde objevil ve vrstvach ef (kopaninské souvrstvi) cetné skolekodonty,
které pak zpracovéaval Zebera. Bougek (1941) popsal skolekodonty z profilu novostavby
silnice z Lodénic do Bubovic, a to z polohy slinitych bfidlic (motolskych) s vlozkami
vapencli a hojnou faunou. Stratigrafickou pozici uvadi mezi zoénami Cyrtograptus
rigidus a Monograptus testis (wenlock). V roce 1947 ze stejné polohy popsal Boucek
indlez celého téla Cerva, kterého pojmenoval Palaeochaeta kettneri. Celisti viak
ktomuto jedinci nepatfily. Ze stejného profilu - ze slinitych bfidlic biozony
Monograptus testis - popsal Snajdr (1951) izolované &elisti polychaetti. Ozna¢il je
prozatimné jako Kettnerites sp. Podobné &elisti témto nalezl Snajdr i na dali lokalité,

v Arethusinové rokli u Reporyj, z biozony M. testis.
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Od studie Snajdra (1951, diskuze nize) Zadny detailni vyzkum skolekodonti
v prazské panvi neprobihal, navazuje na n&j az vyzkum autorky (Tonarova 2008, 2009,

Tonarova et al. 2012).

6.2 Dr. Karel Zebera a jeho kolekce skolekodontii

Karel Zebera (1911-1986) byl zakem Jaroslava Pernera a Radima Kettnera, pod
jejichz vedenim dokonCil v roce 1935 doktorat piirodnich véd s disertacni praci
s nazvem ,,Conodonti a Scolecodonti z ¢eského Siluru®“. Soubézné s paleontologii se
aktivné vénoval archeologii. Pozd&ji se zabyval i1 tématy inZenyrsko-geologickymi
a urbanisticko-geologickymi a od konce tficatych se vénoval piedevs§im kvartérni
geologii, pfiemz je uznavan jako jeden ze zakladateli moderni Ceskoslovenské
kvartérni geologie. Zaroven se vénoval napiiklad vyzkumu vltavind, geologie M¢ésice
a také v neposledni fadé popularizaci. Aktivnim byl do svych poslednich dni, za sviij

zivot publikoval témér 300 ¢lankt, desitky posudkt, zpravy a geologické mapy.

Diskuze kolekce

Zeberova kolekce, jejichZ zpracovani bylo publikovano v pracich Zebery (1935,
1936), predstavuje prvni ucelenou sbirku skolekodonti z prazské panve. Sbéry
pochazeji z lokalit: Lom pod Kolednikem, Kosov, pole za Kolednikem smérem ke
Konéprustim, Motina (Li$¢i lom) a Kosov pod lanovkou. Sbéry z lokality Lom pod
Kolednikem pochazeji z graptolitové zény N. ultimus- N. parultimus (Storch, Gstni
sd€leni, Praha 2012). Stratigrafickd pozice sbérti z ostatnich lokalit je méné ptesna,
ziejmé nalezi do kopaninského souvrstvi (ludlow, silur). V Narodnim muzeu v Praze je
uloZeno celkem 57 ocislovanych kust maxil nebo skupinek maxil (pod akcesitnimi ¢isly

28368, 30796, 30717, 30718; inventarnimi &isli L42140-142162). Na Ustavu geologie
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a paleontologie, Ptirodovédecké fakulty (Univerzita Karlova v Praze) je celkem uloZeno
asi 130 kusu Celisti (pod ¢isly UGP 1-154, ne vSechna ¢isla pfitomna).

Celkem studovana sbirka zahrnuje asi 200 prvnich a druhych maxil. Zebera
(1935) vétsinu naleztl ptitadil ke druhu Arabellites perneri Zebera, 1935 (zastoupeni
druht v kolekci viz. Tab. 2); dale popsal nové druhy: A. innaequidens Zebera, 1935;
A. kettneri Zebera, 1935; A. angustidens Zebera, 1935; Pronereites naviculiformis
Zebera, 1935; Pernerites giganteus Zebera, 1935; Kettnerites kosoviensis Zebera, 1935;
K. depressus Zebera, 1935 a Ebetallites ancoraeformis Zebera, 1935. V né&kolika
ptipadech se objevuje rozpor v oznaceni jedinci v kolekci a v publikaci (detailné
diskutovan nize u jednotlivych druhti). Prace Zebery (1935) ani etikety v kolekci
konkrétné¢ neoznacuji vyobrazené jedince (viz. také ukazka etiket na obr. 6.). Jejich
identifikace byla odvozena z ilustraci, které pomérné vérné odpovidaji i dneSnimu stavu
téchto kust (jak je zfejmé i z obr. 7). Doplnujici informace zfejmé mohly byt obsazeny
v diserta¢ni praci Dr. Zebery, tu se viak bohuzel nepodafilo dohledat.

Snajdr (1951) revidoval Zeberovu (1935) praci, avsak bez moZnosti studia
originalni kolekce (shrnuti jeho pojeti v Tab. 2), coz ho v né€kolika ptipadech vedlo
k zavad&jicim zavérum. Pro podloZeni svych interpretaci nashromazdil nékolik tisic
skolekodontii ze stejnych lokalit a jako vysledek své revize Snajdr uvadi p¥itomnost
dvou druhu - K. kosoviensis a P. giganteus (viz. nize Kapitola 6.3). Sou¢asna revize
vSak prokazala, Ze se ve sbirce nachazi dva druhy z ¢eledi Paulinitidae Lange, 1947, a to
K. kosoviensis a K. cf. sisyphi, a dal$i maxily, které prozatim nebylo mozné blize urcit
(viz. niZe). Diversita ve sbirce je velmi nizkd, coZ mize byt zpiisobeno relativné malou

velikosti kolekce anebo mohla byt ovlivnéna také jiz metodikou sbéru na lokalitach.
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Druhy vyskytujici se v kolekei a publikaci Dr. Zebery:
Rod Arabellites Hinde, 1879

Typovy druh: Arabellites hamatus Hinde, 1879

Arabellites perneri Zebera, 1935
(Obr. 7.D-H, 8.A-Q)
1935 Arabellites perneri n. sp., Zebera, s. 90-92, tab. 1, obr. 1, 2

1951 Kettnerites kosoviensis Zebera, 1935, Snajdr, s. 263

Diskuze: Arabellites perneri je nejhojné&ji zastoupenym druhem v kolekci (viz. Tab. 2).
Zeberou byly k tomuto druhu pfifazeny prvni i druhé maxily, ve sbirce se viak pod
timto oznacCenim vyskytuji pouze prvni maxily a druhé jsou oznaceny jako ,, Pernerites.
amplus® (detaily nize u ,,P. amplus®). Urceni prvnich a druhych maxil jako jeden druh
je, i na zakladé studia nové nashromazdéného materialu, povazovano za spravné. Snajdr
(1951) tento druh piefadil ke druhu Kettnerites kosoviensis, ktery je od jeho emendace

pouzivan.

Arabellites innaequidens Zebera, 1935
(Obr. 7.P, Q)
1935 Arabellites innaequidens n. sp., Zebera, s. 92-93, tab. 1, obr. 3

1951 Kettnerites kosoviensis Zebera, 1935, Snajdr, s. 263

Diskuze: Rozpor mezi kolekci a publikovanymi vysledky je i u druhu Arabellites
innaequidens, pficemz v kolekci se objevuje pouze oznaCeni ,,Pernerites

innaequidens®. Podle vyobrazeni Zebery (1935, tab. 1, obr. 3) je ziejmé, Ze se jedna
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0 tentyz typ maxil. Snajdr (1951) tento druh piefadil ke druhu Kettnerites kosoviensis,
coz vSak nebylo opodstatnéné. Jedna o jiny typ pravé druhé maxily, jak zminuje jiz
Zebera (1935, p. 92), ktera je pro paulinitidni polychaety diagnosticka (Bergman 1989).
Tato zaména byla ziejmé také zptisobena nedostupnosti Zeberovy sbirky v &ase
Snajdrovy revize.

Charakteristickym pro tuto Celist je jeden relativné maly pre-cuspidalni zub (cusp
nejpodobnéjsi druhu Kettnerites sisyphi Bergman, 1987, ,,vétev™ (= ramus) jedincu
z prazské panve je vsak uz$i, coz ale muze byt ovlivéno i deformaci. V této praci jsou

zastupci A. innaequidens uréeni jako Kettnerites cf. sisyphi.

Arabellites ketneri Zebera, 1935
(Obr. 7.1, J, 8.Y-AB)
1935 Arabellites kettneri n. sp., Zebera, s. 93, tab. 1, obr. 4

1951 Kettnerites kosoviensis Zebera, 1935, Snajdr, s. 263

Diskuze: Zebera (1935) ur¢il jako zastupce druhu Arabellites kettneri prvni paulinitidni
maxily, které pozd&ji Snajdr (1951) piefadil ke druhu Kettnerites kosoviensis. Toto
pfifazeni by mohlo byt spravné, ale zachovani je u vSech celisti velice Spatné
a ovlivnéné deformaci. Vyobrazeny kus v praci Zebera (1935; UGP-27; Obr. 7.1, J) je
V posteriorni Casti Castecn€ zakryt horninou. Prvni maxily nejsou u paulinitidnich
polychaeti diagnostické a mohou byt u rtiznych druhii velice podobné. Vzhledem

Kk neurcitosti je v této praci tento druh oznacen jako Kettnerites sp.
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Arabellites angustidens Zebera, 1935
(Obr. 7.R, S, 8.U)
1935 Arabellites angustidens n. sp., Zebera, s. 96, tab. 1, obr. 5

1951 Kettnerites kosoviensis Zebera, 1935, Snajdr, s. 263

Diskuze: Zeberou (1935, tab. 1, obr. 5) vyobrazeny jedinec druhu A. angustidens (&.
UGP-2, Obr. 7.R, S) je velmi $patné zachovany. Celist je netiplna a posteriorni &ast je
z ¢asti zakryta horninou. Je ziejmé, Ze se jedna o prvni levou maxilu rodu Kettnerites,
avSak druhové urceni jisté neni. Nejblize ma ke druhu K. kosoviensis a zde je uréen jako

Kettnerites cf. kosoviensis.

Rod: Pronereites Stauffer, 1933

Typovy druh: Pronereites primus Stauffer, 1933

Pronereites naviculiformis Zebera, 1935
(Obr. 7.K, L)
1935 Pronereites naviculiformis n. sp., Zebera, s. 94, tab. 2, obr. 6

1951 Kettnerites kosoviensis Zebera, 1935, Snajdr, s. 263

Diskuze: Druh Pronereites naviculiformis je ve sbirce zastoupeny pouze jednim kusem
(¢. UGP-32). Snajdr (1951) tento druh piifadil ke druhu K. kosoviensis, a to na zakladé
Zeberovy ilustrace (Zebera 1935, tab. 2, obr. 6). Rod Pronereites se v dnesni literatute
jiz prakticky nevyskytuje, a to pfedevsim proto, ze vyobrazeny jedinec typového druhu
(Stauffer 1933, Tab. 61, Obr. 2) je podle ilustrace netplny a celkové je rodovy popis

nedostateCny. Ze soucasnych autorll jej pouzila napt. Klenina (1989) pro ordovické
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skolekodonty z Kazachstanu a nebo Nowaczewski (2011) pro devonské skolekodonty
z Oklahomy, nalezy obou autorti jsou ale podobn¢ nejednoznaéné. Szaniawski (1974,
s. 183) oznadil podle Zeberovy ilustrace druh P. naviculiformis jako prvni pravou
maxilu skupiny Paulinitidae, coz je asi z dostupného materidlu nejptesnéjsi mozné

uréeni.

Rod: Pernerites Zebera, 1935

Typovy druh: Pernerites giganteus Zebera, 1935

Pernerites giganteus Zebera, 1935

(Obr. 7.M-0)

1935 Pernerites giganteus n. sp., Zebera, s. 94, 95, tab. 2, obr. 9
1951 Pernerites giganteus Zebera, 1935, Snajdr, s. 283, tab. 7, obr. 1

1951 Pernerites cf. giganteus Zebera, 1935, Snajdr, s. 43-44, tab. 7, obr 7, 8

Diskuze: Tento druh byl popsan pouze z prazské panve. Popsal jej Zebera (1935)
a pozdgji nékteré nalezy oznaé¢il Snajdr (1951) jako Pernerites cf. giganteus. Ve sbirce
Zebery se nachazi pouze jeden kus s timto oznacenim (NM, L42162) a jeho zachovéni
je spiSe Spatné. Blizsi uréeni téchto maxil je vzhledem k nepiiznivému zachovani velmi

komplikované a bez lépe zachovaného materialu neni vyfeseni této otazky zatim mozZné.

LPernerites diversidens*
(Obr. 8.V-X)
Diskuze: Druh ,,P. diversidens“ se opét objevuje pouze na etiketich v Zeberové

kolekci, ale ne v praci Zebery (1935), nebyl nikdy publikovén, tudiz neni dle pravidel
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nomenklatury oficialn¢ platny. Oznacuje druhé levé maxily, které by nalezely

k A. perneri dle Zebery (1935), tedy ke Kettnerites kosoviensis dle dnesniho pojeti.

»Pernerites amplus*

(Obr. 4,5.A-C, 8.R-T)

Diskuze: Zebera (1935) druh ,,P. amplus“ neuvadi, oznadeni se objevuje pouze na
etiketach v kolekci, kde ptredstavuje druhy nejhojnéjsi druh (viz. Tab. 2). Tento druh
nebyl nikdy publikovan, tudiZ neni dle pravidel nomeklatury oficialné platny. Zebera
(1935, p. 90-92, Text obr. 2, Tab. 1 Obr. 1, 2) vsak pripisuje ke druhu Arabellites
perneri prvni i druhé maxily, ale ve sbirce jsou pod timto oznaCenim pouze prvni
maxily a druhé maxily jsou oznacené jako ,,P. amplus®. Stejny systém je pouzivan
uvsech vzorki a to vcetn¢ skupinek kousacich desticek, kde se oba typy celisti
nachazeji v bezprotiedni blizkosti (napt. vzorek NM 1.42159, Obr. 4), z ¢ehoz je ziejmé,
7e se nejspiSe jedna o elementy nalezejici k jednomu druhu. ,,P. amplus® je tedy
oznaéeni pro druhé maxily druhu A. perneri dle Zebery (1935), tedy pro Kettnerites
kosoviensis dle dne$niho pojeti.

Na kusu c¢islo UGP-33 (Obr. 5) je zietelna polygonalni struktura, ktera se
zachovala na ¢asti, kde doSlo k obnazeni hlubSich vrstev stény celisti. Podobnou
strukturu popisuji napt. Corradini et al. (1974, s. 127) na ventralni strané maxil roda
Mochtyella Kielan-Jaworowska, 1961, Paulinites Lange, 1947 a Langeites Kielan-
Jaworowska, 1966 a také drzakt druhu Kielanoprion pomeranensis Szaniawski, 1968
(viz. také kapitola 5.3). Podle téchto autord struktura ziejmé souvisi s upinanim svala
Vv dutin€ zubu. Z tohoto vyplyva, Ze u Celisti ¢. UGP-33 ziejmé doslo k odloupnuti az na

vnitini sténu maxily, coz nebylo doposud u skolekodontii zachovanych na povrchu

horniny pozorovano.
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Obr. 4. Dvé maxily oznaéené Zeberou v kolekei jako ,,Pernerites amplus® (oznadené
Sipkou), druhé dvé maxily jsou oznaCené jako Arabellites perneri. Lokalita Mofina,

¢islo vzorku L42159.

Obr. 5. A-C , Pernerites amplus“ - Arabellites perneri dle Zebery, 1935, Kettnerites

kosoviensis dle dnesniho pojeti, druha prava maxila, dorzalni pohled, lokalita lom pod
Kolednikem, ¢. vzorku UGP-33. A Fotografie z optického mikroskopu. B Fotografie
z elektronového skenovaciho mikroskopu (SEM). C Detail polygonélni struktury

(SEM).
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Obr. 6. Ukazka etiket z kolekce Dr. Zebery, ulozenych ve sbirkach Ustavu Geologie

a paleontologie, Ptirodovédecké fakulty, Univerzity Karlovy v Praze.

Rod: Kettnerites Zebera, 1935

Typovy druh: Kettnerites kosoviensis Zebera, 1935

Kettnerites kosoviensis Zebera, 1935

(Obr. 7.A-C)

1935 Kettnerites kosoviensis n. sp., Zebera s. 95, tab. 2, obr. 7

1951 Ketnerites kosoviensis Snajdr, s. 263-275, tab. 1, obr 1-20; tab. 2 obr. 1-14; tab. 3,

obr 1-22; tab. 4, obr. 1-34; tab. 7, obr. 16; tab. 9, obr. 1-11; tab. 10, obr. 1-8.

Diskuze: Zastupci oznaéeni Zeberou ve sbirce jako K. kosoviensis se vyskytuji pouze
ve dvou kusech, z nichz jeden je jim vyobrazeny kus (L42160, Obr. 7.A-C). Revize
Snajdra (1951) pongkud zménila pojeti tohoto druhu, pedeviim uZitim ,,pfirozené®

taxonomie, diky ¢emuz identifikoval cely celistni aparat tohoto druhu. Detailni diskuze

k tomuto druhu je uvedena v kapitole 9. Systematicka paleontologie.
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Kettnerites depressus Zebera, 1935
1935 Kettnerites depressus n. sp., Zebera s. 95, 96, tab. 2, obr. 8

1951 Ketnerites kosoviensis Snajdr, s. 263.

Diskuze: Zastupce druhu Kettnerites depressus je ve sbirce pouze jeden (¢. UGP-30),
ale bohuzZel je téméf zcela znien a detailni studium neni mozné. Snajdr (1951) taxon
ptifadil ke druhu K. kosoviensis, vzhledem k nedostate¢nému materialu neni jasné, zda
bylo toto piefazeni spravné. Dle vyobrazeni Zebery (1935, Tab. 2 Obr. 8) se &elist
nejevi jako nalezejici ke druhu K. kosoviensis. Kazdopadné neni mozné taxon

K. depressus povazovat za platny.

Ebetallites Zebera, 1935

Typovy druh: Ebetallites ancoraeformis Zebera, 1935

Ebetallites ancoraeformis Zebera, 1935
(Obr. 7.T-V)
1935 Ebetallites ancoraeformis n. sp., Zebera, s. 96, tab. 2, obr. 10

1935 ? Kettnerites kosoviensis Zebera, 1935, Snajdr, 5.263

Diskuze: V kolekci se nachazi jeden bezpeéné uréeny jedinec tohoto druhu (¢. UGP-41,
Obr. 7.T-V). Snajdr (1951) E. ancoraeformis predbézné piefadil ke druhu Kettnerites
kosoviensis, ale opét pouze na zakladé ilustrace. Zfejmé se jedna pouze o fragment

maxily, jehoz blizsi ur¢eni prozatim neni mozné. K rodu Kettnerites v§ak nenaleZi.
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Druh dle Zebery (1935) | Druh dle Snajdra | Druh UGP | NM
(1951)

Arabellites perneri K. kosoviensis K. kosoviensis, Ml | 59 19

Arabellites angustidens K. kosoviensis Kettnerites cf. 4 X
kosoviensis, Ml

Arabellites kettneri K. kosoviensis Kettnerites sp. 8 X

Arabellites sp. X Kettnerites sp. 5 X

,,Pernerites amplus* X K. kosoviensis, 14 6
prava MII

,,Pernerites diversidens* X K. kosoviensis, leva | 7 1
MII

Pernerites innaequidens K. kosoviensis K. cf. sisyphi, MIl |2 6

=A. innaequidens

Pernerites giganteus P. giganteus neurcitelné 0 1

Pernerites sp. X paulinitidni MII 7 6

Pronereites naviculiformis | K. kosoviensis paulinitidni MI 1 X

Kettnerites depressus K. kosoviensis neurcitelné 1 X

Kettnerites kosoviensis K. kosoviensis K. kosoviensis, leva | 1 1
MII

Ebetallites ancoraeformis | ?K. kosoviensis neurcitelné 1 0

Neurcené kusy X X 3 25

Tab. 2. Zastoupeni druhti skolekodontii z kolekce Zebery ulozené ve sbirkach Ustavu
Geologie a Paleontologie (UGP, Pif UK) a v Narodnim muzeu v Praze (NM). V prvnim
sloupci je druh uréeny Zeberou, ve druhém sloupci je ureni podle Snajdra (1951) a ve

tretim sloupci dle této prace.
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Obr. 7. Vyobrazeni jedinci z prace Zebera (1935). Uréeni a ilustrace dle Zebery (1935),
odkaz na tabule také z této prace. Fotografie byly pofizeny pomoci optického
a skenovaciho elektronového mikroskopu. Lokalita je lom pod Kolednikem, kromé

obrazku T-V, kde je lokalita pole za Kolednikem smérem ke Konéprusim. A-C
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Kettnerites kosoviensis, holotyp, leva druha maxila (MII), ventralni strana. Tab. 2, obr.
7, L42160 D-H Arabellites perneri D, E prava prvni maxila (MI), dorzalni strana, Tab.
1, Obr. 1, UGP-4 F-H prava MII, ventralni strana, Tab. 1 Obr. 2, L42461 I, J
Arabellites kettneri, leva MI, dorzalni strana, Tab. 1, obr. 4, UGP-27 K, L Pronereites
naviculiformis, prava? MI, Tab. 2, Obr. 6, UGP-32 M-O Pernerites giganteus
(Kettnerites giganteus oznaceni v kolekci), Tab. 2, Obr. 9, L42162 P, Q Arabellites
innaequidens (oznaceni v kolekci Pernerites inniquidens), prava MII, dorzalni strana,
Tab. 1, Obr. 3, UGP-43 R, S Arabellites angustidens leva MI, dorzalni strana, Tab. 1,

Obr. 5, UGP-2 T-V Ebetallites ancoraeformis, Tab. 2, Obr. 10, UGP-41.
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Obr. 8. Vybrani jedinci z kolekce Dr. Zebery. Lokalita je lom pod Kolednikem.
Druhové uréeni je uvedeno dle pojeti Zebery (1935). Vzorky jsou uloZeny ve sbirkach
Ustavu geologie a paleontologie, Pirodovédecké fakulty Univerzity Karlovy v Praze.
Mg¢titka odpovidaji 500 um. A-Q Arabellites perneri A prava prvni maxila (MI), UGP-1
B leva MI, UGP-95 C, D prava MI, otisk a protiotisk, UGP-74 E prava MI, UGP-42 F
prava MI, UGP-133 G prava MI, UGP-10 H leva MI, UGP-124 | leva MI, UGP-48 J
leva M1, UGP-5 K leva MI, UGP-56 L leva MI, UGP-11 M leva MI, UGP-97 N leva

MI, UGP-39 O leva MI, UGP-71 P leva MI, UGP-108 Q leva MI, UGP-110 R-T
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»Pernerites amplus® R prava druha maxila (MII), UGP-6 S prava MII, UGP-66 T prava
MII, UGP-28 U Arabellites angustidens, leva M1 UGP-22 V-X ,,Pernerites diversidens*
V leva MII, UGP-26 W leva MII, UGP-105 X leva MII, UGP-128 Y-AB Arabellites

kettneri Y MI, UGP-3 Z MI, UGP-75 AA prava MI, UGP-23 AB prava MI, UGP-12.

6.3 Dr. Milan Snajdr a jeho kolekce skolekodontii

Milan Snajdr (1930-1989) byl jednim z ptednich ¢eskych geologt a paleontologt.
Zabyval se predevSim studiem spodnopaleozoickych trilobitd, stratigrafii kambria
aordoviku Barrandienu a Zeleznych hor, pfi¢emz publikoval pies 100
paleontologickych praci véetné né€kolika obsdhlych monografii. V oblasti prazské panve
byl ale také prvnim, kdo publikoval rozsahlou monografii tykajici se skolekodontl
(Snajdr 1951). Mimoto, Snajdr byl jednim z prvnich autort vibec, ktery pouzil pii
zpracovani skolekodontll tzv. pfirozenou taxonomii. To znamend, ze se predevsim
snazil rekonstruovat ptivodni pfirozené Celistni aparaty prosttednictvim zachovanych
skupinek skolekodontli na misto pojmenovavani jednotlivych morfotyp.

Pievazna &ast Snajdrovy sbirky skolekodontll pochazi ze silurskych hornin a na
tuto ¢ast byla zameétena 1 tato studie. Sbéry jsou uloZeny pfedevsim v Narodnim muzeu
v Praze (NM) a mal4 &ast ve sbirkach Ceské Geologické Sluzby (CGS). Vétsina vzorkd
pochazi z lokality lomy Amerika, Mofina - tzv. LiS¢i lom (graptolitové biozony
Pseudomonoclimacis latilobus — Slovinograptus balticus az P. fragmentalis). Nékolik
kust je i z lokalit lom pod Kolednikem, Jarov a Kosov. Pfiblizné¢ 1000 maxil bylo nové
vybrano, uspotfadano a vyfotografovano pro katalogizaci (pod inventarnimi ¢isly v NM
L41341-1.42139), nekolik tisic dalsich jedincl s horSim stupném zachovani je souhrnné
stile ulozeno pod akcesitnim &islem NM 32921. Vyobrazeni jedinci z prace Snajdr

(1951), ktefi byli v kolekci nalezeni, jsou znovu zdokumentovani na Obr. 9 a 10. Dale
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jsou komentovani piedeviim jedinci druhti a rodd, které Snajdr ve své praci nezmifiuje
(Obr. 13).

Pokusy o ziskani izolovanych jedincti (pomoci HF) z biidlic Snajdrovych sbér
bohuzel nepfineslo uspokojivé vysledky. VéEtSina maxil byla znacné fragmentarni.
Uplngjsi kusy byly velmi vzacné, méné rozpraskané Gelisti se vétiinou zachovaly pouze
v piipadech, kdy byly jesté ¢astecné zanofené do zakladni hmoty horniny. Ziejmé se
tedy jednalo o jedince, které bylo ptfed rozpousténim mozné pozorovat na povrchu
vrstevnich ploch. 1 v téchto fragmentech vyrazné ptevazuji zastupci rodu Kettnerites
(Obr. 12), coz je ale také ovlivnéno snazSim rozpoznanim i lomki tohoto typu Celisti
oproti jinym skupinam. Také podle povrchovych vyskyti dosahuji paulinitidni ¢elisti

vétSich rozmérti nez ostatni, coz jisté ovliviuje i jejich zachovani v sedimentu.

Druhy zastoupené v kolekci a komentované v praci Snajdr (1951):

Vzhledem ke zna¢nému rozsahu kolekce (tisice kust), nebyli vSichni jedinci
Snajdrem uréeni. Kromé publikovanych jedincti byla u vétsiny &elisti uréena pouze
lokalita a pfiblizna stratigrafickd uroven. Pfehled vSech druht, které byly pfi této revizi

v kolekci rozpoznany, je uveden v Tabulce 3.

Rod Kettnerites Zebera, 1935

Typovy druh: Kettnerites kosoviensis Zebera, 1935

Diskuze: Zastupci rodu Kettnerites v kolekci vyrazné pievazuji (98% celisti), jak
uvadél jiz Snajdr (1951). Piedevdim diky srovnani s novou kolekei silurskych
skolekodontli se ukézalo, Ze revize rodu Kettnerites podle Snajdra (1951) nebyla zcela

spravna. Rozdily ve tvaru Celisti nelze interpretovat pouze jako variabilitu jednoho
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druhu, a to K. kosoviensis (diskuze také viz. nize Kapitola 9). Jiz Zebera (1935) ve své
praci rozpoznal vice paulinitidnich druht (viz. vySe). Na zdklad¢ pravych druhych

vvvvvv

zfejmé, ze jsou ve sbirce zastoupeny minimalné dva riizné druhy rodu Kettnerites:

Kettnerites kosoviensis Zebera, 1935
(Obr. 9.A-D, M-R, T-AB)
Diskuze: Detailni diskuze tohoto druhu je uvedena nize v kapitole 9. Systematicka

paleontologie.

Kettnerites cf. sisyphi Bergman, 1987

(Obr. 11.A-E)

Diskuze: Ptiblizn¢ 20 jedincti z diskutované kolekce bylo piefazeno ke druhu
Kettnerites cf. sisyphi. Nejvice se jedinci z prazské panve podobaji varieté K. (Aeolus)
sisyphi klasaardensis Bergman, 1987. Prvni maxily ¢asto nelze odlisit od druhu
K. kosoviensis, pouze u zachovanych skupinek je urceni jisté. Vnitini ,.kiidlo* (= inner
wing) je u levé prvni maxily ¢asto vyraznéjsi nez u jedinct z Gotlandu. Druhé maxily
jsou velmi podobné, pouze ,,vétev* (= ramus) se u jedincu z prazské panve vice zuzuje.
Stejné jako u ostatnich cCelisti z historickych kolekei, bezpecné urceni jedinct je ¢asto
znemoznéno nepiiznivym zachovanim, rozpraskanim a deformaci. Celisti se nachazeji
v riznych pozicich (nejcastéji dorzalni nebo ventralni pozici, ale i lateralni,

dorzolateralni apod.), coz je dalsi faktor znesnadnujici bezpecné taxonomické urceni.

Rod Pernerites Zebera, 1935

Typovy druh: Pernerites giganteus Zebera, 1935
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Pernerites cf. giganteus Zebera, 1935
(Obr. 10. G, H)

1951 Pernerites cf. giganteus Zebera, 1935, Snajdr, s. 43-44, tab. 7, obr. 7, 8

Diskuze: Tyto Gelisti s nejvétsi pravdépodobnosti nejsou piibuzné s Zeberovym druhem
Pernerites giganteus. Nedostate¢ny material (pouze 2 kusy, sbirky CGS MS747 a NM

L33119) a jeho neuspokojivé zachovani avSak neumoznuji blizsi urceni.

Rod lldraites Eller, 1936

Typovy druh: Ildraites bipennis (Eller, 1934)

Ildraites (?) budiianensis Snajdr, 1951
(Obr. 9.S, 10.1-N)
1951 Ildraites (?) budiianensis n. sp., Snajdr, s. 284-185, tab. 7, obr 9-14, 17, tab. 9, obr.

8

Diskuze: Rod Ildraites byl uzivan piedev§sim pro Klasifikaci izolovanych Ccelisti
a vétsina takto stanovenych druhii jiz byla pfefazena k jinym rodim. Kielan-
Jaworowska (1966, s. 133) napt. urcila jejich afinitu k atraktoprionidim. Nektefi
zastupci rodu lldraites - I. horridus Eller, 1940; 1. laeohorridus (Eller, 1940);
I. cervicornis (Hinde, 1879) - byli pfefazeni do rodu Hadoprion Eriksson & Bergman,
1998 (viz. Eriksson & Bergman 1998). Druh lldraites (?) budnanensis také jevi
zachovany material, oznacen jako Hadoprion sp. Mimo Snajdrem popsanych zastupct

oznacenych jako |. (?) budnanensis, se v kolekci nachazi jesté n€kolik dalSich Celisti
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(Obr. 13.Z-AD, AC a AD ale n¢které z nich mohou nalezet i k jinému rodu), které
k tomuto druhu nalezi. Rod Hadoprion byl doposud dokumentovan na Gotlandu a v
USA (Eriksson et al. 2004) a to vzdy vyhradné ve facii slini nebo bfidlic, tomu
odpovidaji i nalezy z prazské panve, které pochdzeji také pouze z bridlic, a v jinych
typech hornin zatim nebyl zjistén. Z tohoto vyplyva potvrzeni facialni zévislosti tohoto

rodu.

Polychaeta indet. sp. A
(Obr. 9.E-L)

1951 Polychaeta indet. sp. A, Snajdr, s. 286, 287, tab. 6, obr. 1-7, tab. 9, obr. 4

Diskuze: Pod ozna¢enim Polychaeta indet. sp. A jsou ve sbirce ruzné morfotypy,
ziejmé nenalezejici k jednomu druhu, jak také ve své praci Snajdr (1951) uvadi. Jedna
se 0 nediagnostické anteriorni desticky, které mohou nalezet k riznym rodim. Bez 1épe

zachovanych jedincti a kompletnich aparati neni blizsi ur¢eni mozné.

Polychaeta indet. sp. B
(Obr. 10.A-F)

1951 Polychaeta indet. sp. B, Snajdr, s. 287-288, tab. 7, obr. 2-5

Diskuze: Stejné jako u pfedchoziho oznaceni i do druhu Polychaeta indet. sp. B bylo
zahrnuto vice druhti. Na Obr. 10.A-D jsou celisti nejvice se blizici prvni pravé maxile
rodu Ramphoprion Kielan-Jaworowska, 1966, ur€itelné jako Ramphoprion sp., jevi se
jako blizké napt. druhu Ramphoprion gotlandensis Eriksson, 2001, znamému ze siluru

Gotlandu (Eriksson 2001). Maxila z obrazku 13.E vypada jako nalezejici
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Kk polychaetaspidiim, ale zachovani je velmi Spatné. Kousaci desticka na obrazku 13.F je
nékterymi znaky podobna tfeti maxile rodu Hadoprion, diskutovanému vyse u druhu

I. (?) budnanensis, predbézné je tedy piifazena ke druhu Hadoprion sp.

pivodni uréeni Snajdr (1951)

noveé urceni

Kettnerites kosoviensis

K. kosoviensis
K. sp.
K. cf. sisyphi

Pernerites cf. giganteus

neurcitelné

Ildraites (?) budnanensis

Hadoprion sp.

Polychaeta indet. sp. A

neurcitelné

Polychaeta indet. sp. B

Ramphoprion sp
Hadoprion sp.
polychaetaspidni maxila

Pistoprion sp.

Oenonites spp.

Protarabellites spp.

Atraktoprion sp.

Atraktoprion aff. contractus

Skalenoprion sp.

Tab. 3. Pfehled piivodnich a nové uréenych druhi v kolekci Dr. Snajdra.
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A
=

Obr. 9. Vyobrazeni siluriti skolekodonti z prace Snajdr (1951), uréeni a odkazy na
tabule jsou také z této prace. Lokalita Amerika u Budian (Lis¢i lom). Jedinci jsou

ulozeni ve sbirkdch Narodniho Muzea v Praze. M¢titka odpovidaji 500 pm. A-D

Kettnerites kosoviensis Zebera, 1935 A prava prvni maxila (MI), dorzalni strana,
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L33109, Snajdr (1951) Tab. 1 Obr. 1 B prava MI, ventralni strana, L33111, gnajdr
(1951) Tab. 1 Obr. 9 C prava druha maxila (MII), dorzalni strana, 133123, Snajdr
(1951) Tab. 2 Obr. 1 D levé druha maxila (MII), dorzalni strana, 1.33120, Snajdr (1951)
Tab. 3 Obr. 1 E-L Polychaeta indet. sp. A sensu Snajdr, 1951 E, F otisk a protiotisk,
133070, Snajdr (1951) Tab. 6 Obr. 2 G L33078, Snajdr (1951) Tab. 6 Obr. 3 H, | otisk
a protiotisk, 133077, Snajdr (1951) Tab. 6 Obr. 4 J L33098, Snajdr (1951) Tab. 6 Obr.
5 K 133072, Snajdr (1951) Tab. 6 Obr. 6 L 33060, Snajdr (1951) Tab. 6 Obr. 7 M-R
K. kosoviensis Zebera, 1935 M leva MI, dorzalni strana, 133106, Snajdr (1951) Tab. 9
Obr. 1 N prava MI, ventralni strana, L33117, Snajdr (1951) Tab. 9 Obr. 2 O prava MII,
ventralni strana, L33116, Snajdr (1951) Tab. 9 Obr. 3 P deformovana &elist, 133097,
Snajdr (1951) Tab. 9 Obr. 4 Q leva MII, ventralni strana, prava MII, dorzalni strana,
L33114, Snajdr (1951) Tab. 9 Obr. 5 R prava MII, dorzilni strana, 1.33110, Snajdr
(1951) Tab. 9 Obr. 6 S lldraites (?) budiianensis Snajdr, 1951, prava MII, 133103,
Snajdr (1951) Tab. 9 Obr. 8 T-AB K. kosoviensis Zebera, 1935 T drzaky, L33102, Tab.
9 Obr. 9 U prava &tvrta maxila, L33101, Snajdr (1951) Tab. 9 Obr. 10 V skupina &elisti,
133079, Snajdr (1951) Tab. 9 Obr. 11 W skupina &elisti, L33105, Snajdr (1951) Tab.
10 Obr. 1 X skupina &elisti, L33104, Snajdr (1951) Tab. 10 Obr. 2 Y skupina &elisti,
133107, Snajdr (1951) Tab. 10 Obr. 3 Z prvni maxily s drzéky, 1.33122, Snajdr (1951)
Tab. 10 Obr. 5 AA, AB mandibuly, otisk a protiotisk, 133099 Snajdr (1951) Tab. 10

Obr. 7.
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Obr. 10. Vyobrazeni siluriti skolekodonti z tabule &. 7, prace Snajdr (1951). Lokalita je
Lis¢i lom (kopaninské souvrstvi). Kusy jsou ulozeny ve sbirkdch Narodniho Muzea,
mimo jedince G, ktery je uloZen ve sbirkdach CGS. Méfitka odpovidaji 500 um. A-F
Polychaeta indet. sp. B sensu Snajdr (1951) A, B otisk a protiotisk, prava prvni maxila
(MI), L41385 Tab. 7 Obr. 2 C, D otisk a protiotisk, prava MI, L41382, Tab. 7 Obr. 3 E
prava MI, L41383, Tab. 7, Obr. 4 F leva MI, L41384, Tab. 7 Obr. 5 G, H Pernerites cf.
giganteus Zebera, 1935, G MS747, Tab. 7 Obr. 7 H L33091, Tab. 7 Obr. 8 I-N Idraites
(?) budnanensis | ¢tvrta maxila (MIV), 133089, Tab. 7 Obr. 9 J MIV, L33093, Tab. 7
Obr. 10 K tieti maxila (MIII), L33092, Tab. 7 Obr. 11 L MIII, L33095, Tab. 7 Obr. 12

M MIV, L33089, Tab. 7 Obr. 13 N M1V, L33094, Tab. 7 Obr. 14.

Obr. 11. Kettnerites cf. sisyphi, lokalita lom Amerika u Budian (Li$¢i lom), kopaninské

souvrstvi, sbér M. Snajdr. Sbéry jsou uloZeny ve sbirkdch Narodniho Muzea v Praze.
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Meéritka odpovidaji 500 um. A skupinka maxil dvé prvni (MI) a dvé druhé maxily
(MI1), L41441 B prava MII, dorzalni strana, L41615 C prava MII, ventralni strana,

L41686 D prava MII, dorzalni strana, L41810 E prava MII, ventralni strana, L41828.

Obr. 12. Nékolik izolovanych fragmentarnich skolekodontd z bfidlic nasbiranych Dr.
Snajdrem, uloZenych v Narodnim muzeu v Praze. Lokalita Mofina - Lis¢i lom,
kopaninské souvrstvi. Méfitko odpovidda 300 um. A. Rozlomena druhd maxila rodu
Kettnerites. B. Treti? maxila rodu Kettnerites. C. Anteriorni ¢ast prvni maxily rodu

Kettnerites. D. Anteriorni ¢ast prvni maxily rodu Kettnerites.

Dalsi nepublikované skupiny zastoupené v kolekci Snajdra (1951):

Pouze priblizne€ 2% celisti (celkové asi sto kusil) ve sbirce nalezi k jiné skupiné
nez Paulinitidae, resp. rodu Kettnerites. Vyskytuji se zde =zastupci skupin
Mochtyellidae, Polychaetaspidae, Ramphoprionidae, Atraktoprionidae,
Skalenoprionidae a Hadoprionidae (viz. Obr. 13 a tabulka 3), ktefi jsou vSak drobné&jsi
nez zastupci paulinitidnich polychaett. Jejich zachovani je ¢asto velmi $patné, coz mize
vysvétlovat, pro¢ se Snajdr vétsing téchto Gelisti blize nevénoval. Nékteré rody v siluru

jinak bézné v kolekci nalezeny nebyly, a to naptiklad Symmetroprion Kielan-
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Jaworowska, 1966; Kozlowskiprion Kielan-Jaworowska, 1966; Langeites Kielan-
Jaworowska, 1966 a nebo Lanceolatites Bergman, 1987 (Eriksson et al. 2004).
Omezena diversita miize byt ovlivnéna specifickymi podminkami, za kterych bfidlice

vznikaly, ale také snizenou moznosti zachovani ¢asto drobnych a kiehkych celisti.

Celed” Mochtyellidae

(Obr. 13.1,J)

Diskuze: Asi 15 kust ze sbirky ziejmé nalezi do skupiny Mochtyellidae. Jejich rodové
zafazeni je vSak pomérné¢ komplikované a to i u jedinc pfiznivéji zachovanych,
z tohoto duvodu byly nékteré elementy klasifikovany pouze jako Placognatha indet.
Mochtyellidae jsou vétSinou vyznacnou slozkou silurskych polychaetnich faun,
obzvlaste rod Pistoprion Kielan-Jaworowska, 1966 casto predstavuje jednu

z dominantnich skupin (souhrn v praci Eriksson et al. 2004).

Rod Pistoprion Kielan-Jaworowska, 1966

Typovy druh Pistoprion transitans Kielan-Jaworowska, 1966

Pistoprion? sp.
(Obr. 13.K, L)
Diskuze: Tti jedince ze sbirky bylo mozné klasifikovat jako Pistoprion? sp (¢. v NM
L41370, L42008, L42023). Bohuzel jsou Celisti ¢asteéné zanofeny do sedimentu, coz
bliz§i urCeni znemoziuje. Ziejmé je zastoupen i rod Mochtyella Kielan-Jaworowska,
1961, avsak jeho bezpecné urceni nebylo vzhledem k nedostate¢nému stupni zachovani

mozné.
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Celed’ Polychaetaspidae
Rod Oenonites Hinde, 1879

Typovy druh Oenonites curvidens Hinde, 1879

Oenonites spp.

(Obr. 13A-E)

Diskuze: V kolekci se vyskytuje asi 40 kust, které je mozné pritadit
k polychaetaspidim, jmenovité k rodu Oenonites Hinde, 1879. Blizs§i uréeni by bylo
sporné, ale je zfejmé, Ze je zastoupeno nékolik druhti vcetné typu, ktery je prechodny
mezi rody Oenonites a Protarabellites Stauffer, 1933 (Obr. 13.E), a ktery byl popsan
napt. také ze Svédska v praci Erikssona & Friska (2011, p. 279). Rod Oenonites
predstavuje vétSinou nejhojnéjsi slozku silurské skolekodontové fauny (Eriksson et al.
2004), ve Snajdrové Kolekci je ale jeho zastoupeni jisté znaéné ovlivnéno zptisobem
zachovani. Vzacny vyskyt miize byt i primarni a tento rod je v bfidlicné facii vzacngjsi,

coz bude nutné potvrdit studiem podobného prostredi v dalSich regionech.

Celed’ Ramphoprionidae
Rod Protarabellites Stauffer, 1933

Typovy druh Protarabellites humilis Stauffer, 1933

Protarabellites spp.

(Obr. 13.G, H)

Diskuze: Zastupci rodu Protarabellites jsou ve sbirce velmi vzacni, byli nalezeni pouze
dva jedinci (v. NM ¢. L42021, L42072). Druhové uceni by bylo vzhledem

k neuspokojivému zachovani sporné, avsak je ziejmé, Ze jsou zastoupeny alespon dva
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druhy. Ve srovnani s ostatnimi maxilami ve sbirce jsou relativné malé velikosti. Je
pravdépodobné, ze tidky vyskyt mohl byt zpisoben pravé mensi velikosti, pfipadné

celkovou nizsi schopnosti zachovani v sedimentu.

Celed’ Atraktoprionidae

Diskuze: Ptiblizné¢ 15 kust z kolekce nalezi do Celedi Atraktoprionidac a nékteré
z téchto kust navic ukazuji afinitu, pfipadné¢ se mize jednat o piechodnou formu,
k ¢eledi Kalloprionidae a to rodu Leptoprion Kielan-Jaworowska, 1966 — Obr. 13.M, N.
Tento fakt popisuje i Eriksson (2006b, p. 100). Zachovani jedincii z prazské panve dalsi

zavery neumoziuje, ale je zfejmé, ze je nutna detailni revize Celedi Atraktoprionidae.

Rod Atraktoprion Kielan-Jaworowska, 1962

Typovy druh Atraktoprion cornutus Kielan-Jaworowska, 1962

Atraktoprion spp.

(Obr. 13.M-Y)

Diskuze: Ve sbirce se nachazi pouze prvni pravé maxily rodu Atraktoprion, az na jeden
kus prvni levé maxily (L42093), ktery je vSak velmi $patné zachovany. Nékolik jedinct
(Obr. 13.P-T) bylo ur¢eno jako Atraktoprion aff. contractus (Hinde, 1879). Druh
A. contractus je znamy napt. ze silurskych hornin Gotlandu (Eriksson 2006b). Blizsi

urceni bude opét mozné, az bude k dispozici lépe zachovany material.

Celed’ Skalenoprionidae
Rod Skalenoprion Kielan-Jaworowska, 1962

Typovy druh Skalenoprion alatus Kielan-Jaworowska, 1962.
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Skalenoprion sp.

(Obr. 13.F)

Diskuze: Skalenoprionidae jsou v siluru pomérné rozsifeni, ale vétSinou netvoii piili§
vyzna¢nou slozku fauny (Eriksson et al. 2004), coz muze vysvétlovat i pomérné
ojedinglé zastoupeni v této kolekci. Pouze 4 kusy byly uréeny jako Skalenoprion sp. (v
NM ¢. L41985, L42047, L42048, L42052), ale i v tomto piipadé mohli byt néktefi

jedinci nerozpoznani z diivodu neptiznivého zachovani.

Obr. 13. Dalsi zastupci z kolekce Dr. Snajdra, nenaleZejici k paulinitidnim polychaetiim
a nepublikované v praci Snajdr (1951). Lokalita Amerika u Budiian (Lis¢i lom).
Mgtitka odpovidaji 1 mm. A-E Polychaetaspidae, rizné formy rodu Oenonites A leva
prvni maxila (MI), ventrdlni strana, L42075 B leva MI, laterdlni pohled, L42001 C
prava MI, ventralni strana, L42074 D prava MI, dorzélni strana, L42065 E prava MI,
dorzalni s., L42070 F Skalenoprion sp., prava MI, dorzalni s., [L41985 G, H
Protarabellites sp., prava MI, dorzalni s. G L42021 H L42072 1, J Mochtyellidae 1
prava M1, lateralni s., L42087 J leva MI, lateralni s., L42068 K-L Pistoprion? sp. K
leva MI, lateralni s., 141370 L leva MI, dorzolateralni s., L42008 M-Y
Atraktoprionidae, zafazeni n€kterych jedincu je sporné M, N Atraktoprion/Leptoprion
M prava MI, dorzalni s., L42098 N prava MI, dorzalni s., L41431 O, U-Y Atraktoprion
spp. O prava MI, dorzalni s., 142056 U prava MI, dorzélni s., 142067 V prava MI,
ventralni s., L41382b W prava MI, dorzalni s., 142084 X prava MI, ventralni s.,
L42042 Y prava MI, ventralni s., 142053 P-T Atraktoprion aff. contractus P prava MI,
dorzalni s., 142102 Q prava MI, dorzalni s., L42000 R prava MI, dorzalni s., L42020 S

prava M1, ventralni s., L41950 T prava MI, dorzalni s., L42029 Z-AB Hadoprion sp. Z
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MI, L42101 AA prava MII, L42095 AB tieti maxila, L42039 AC, AD deformované

celisti Hadoprion? sp. AC MI, L42077 AD, MI, L42032.
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6.4 Srovnavaci kolekce

Pro srovnani se vzorky z obsahlych historickych kolekci byla nashromazdéna
sbirka skolekodont z jinych litologii, konkrétné vapencovych poloh. Tyto horniny jsou
vhodnéjsi pro chemickou extrakci, diky niZ je mozné zkoumat izolované celisti, které
jsou zasadni pro spravné urceni. Byly vybrany lokalit Kosov a Lis¢i lom, kde jiz byli
zlomu Kosov =z urovné graptolitovych zén Neocucullograptus kozlowskii
a Pseudomonoclimacis latilobus—Slovinograptus balticus, z Lis¢iho lomu vzorky
pochazi ze svrchni ¢asti konodontové zony Polygnathoides siluricus (detailni popis
v Tonarova et al. 2012). Na obou lokalitach bylo testovano i rozpousténi btidliénych
poloh, avSak vysledkem byly pouze fragmentdrni a stlaceni skolekodonti, nejasného
urceni, stejné jako pfi rozpousténi bidlic z historickych kolekei.

Celkem sbirka zahrnuje asi tisic prvnich a druhych maxil, nalezejicich k 16
bezpecné urcitelnym rodim, vcetné nékolika spojenych Celisti (Castecné zachovanych
&elistnich aparati), které také doposud nebyly z Ceské republiky uvadény (viz. Obr. 14).
Dale je ve sbirce mnozstvi dalSich kousacich desticek, které nebylo v této fazi vyzkumu
mozné blize urcit. Zachovani Celisti je pomérné nepfiznivé, ale vyskytuji se i velice
dobfe zachovani jedinci. Urceni bylo mozné ¢asto pouze na rodové urovni, také kvili
limitované velikosti nasbirané kolekce. Velikost maxil je ve srovndni se sbéry
z biidlicnych poloh vétSinou nékolikandsobné mensi, avSak zaznamenana diversita je
naopak mnohem vé&tsi (Tonarova et al. 2012). Rodové zastoupeni je velice podobné jako
z jinych casti svéta piiblizné odpovidajici stratigrafické trovné. Prevazuji zastupci
skupiny Paulinitidae, ndsledovani jedinci z Polychaetaspidae a Mochtyellidae. Déle se
objevuji  predstavitelé ~ Xanioprionidae,  Tetraprionidae, = Symmetroprionidae,

Polychaeturidae, Ramphoprionidae, Kalloprionidae a Tretoprionidae. Fauny Baltiky
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a prazské panve se Castecné shoduji i na druhové urovni. Druhy Pistoprion sp. A,
Vistulella kozlowskii Kielan-Jaworowska, 1961, Symmetroprion spatiosus (Hinde,
1882), Ramphoprion cf. gotlandensis Eriksson, 2001, Protarabellites cf. rectangularis
Eriksson, 2001 a Kettnerites cf. sisyphi Bergman, 1987 jsou spole¢né pro ob¢ oblasti,
coz také potvrzuje kosmopolitni rozsiteni silurskych polychaetnich ¢ervi (Eriksson et
al. 2004).

Dale byl popsan novy druh, ,,Mochtyella“ pragensis Tonarova, Eriksson & Hints,
2012, prozatim spolehlivé zjistény pouze v prazské panvi, ale zfejmé s mnohem vétSim
paleobiogeografickym rozsitenim (Tonarova et al. 2012), které bude tfeba jesté ovéfit.
Zajimavym jevem ve sbirce je piitomnost ,,korodovanych® anteriornich ¢asti prvnich
maxil u zastupct rodu Protarabellites (Obr. 15), stejny jev byl popsan i u jedinca
z Gotlandu - Svédska (Eriksson 1999, Eriksson & Elfman 2000). Eriksson & Elfman
(2000, p. 78) tento tikaz vysvétluji jako vliv rozkladu zelezitych mineralii nabohacenych
pravé v anteriorni ¢asti maxil. Zachovani Celisti z prazské panve je ale mnohem méné
pfiznivé, coZ tento efekt ¢astecné stira.

Celkové lze fici, ze byla vyznaéné rozSifena predstava o diversité skolekodontii ve
svrchnim siluru prazské panve (Tonarova et al. 2012). V nasledujicich kapitolach (7 a 8)
jsou rozvedeny dil¢i moznosti vyuziti skolekodontti pro dalsi interpretace a zjisténa data

jsou komentovana predevsim na zaklad¢ této kolekce.
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Obr. 14. Ukazky spojenych maxil - ¢asteénych Eelistnich aparati. Méfitko u obrazku A
odpovida 100 pm a u obrazku B 200 um. A. Mochtyella sp., lokalita Lis¢i lom, jedinec
PT26H.3 A.1, vzorek PT26. dorzalni pohled 2. pohled na posteriorni ¢ast 3. pohled na

anteriorni ¢ast B Oenonites sp., lokalita Kosov, jedinec PT9B.3, vzorek PT9.

Obr. 15. Zastupci rodu Protarabellites cf. rectangularis s ,,korodovanou* anteriorni
Sasti (oznagené Sipkou). Kusy jsou ulozeny ve sbirkach CGS. Métitko odpovida 100
um. A leva prvni maxila, lokalita Kosov, PT11A.3, vzorek PT11 B prava prvni maxila,

lokalita Lis¢i lom, PT25A.2, vzorek PT25.7.
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7. Interpretace dat a jejich vyuziti

7.1 Studium ,,eventu*

V poslednich nékolika letech je klicovym tématem studium globalnich zmén ve
vyvoji organismil tzv. eventil (napt. Elewa 2008). Pochopeni pfi¢in a disledkl téchto
udalosti poskytuje informace diulezité i pro modelovani pfipadnych zmén klimatu
a predikci jejich mozného vlivu na zivot. Obraz téchto udalosti v davné minulosti
ziskavame prostiednictvim studia geochemie prostfedi (napf. pomérti stabilnich
izotopl), detailniho studia geochemickych cyklid a facidlni analyzy v kombinaci
S paleontologickymi studiemi zmén slozeni fosilnich spolec¢enstev. Timto postupem
ziskavame vhled do charakteru paleoprostiedi a reakci organismi na pfipadné zmény
zivotnich podminek (Jeppsson 1990).

Paleoklimatologie pracuje s predpokladanym obsahem oxidu uhli¢itého
v atmosféfe jako jednim z faktor ovliviiujicich klima (napf. Kump 2000, Veizer et al.
2000). Mnozstvi oxidu uhligitého se odvozuje z hodnoty 5'°C a tato data se kombinuji
S udajem 8'%0. Vyzkumy ukdzaly, Ze hlavni vymirani organismii byvaji Casto spojena
S vyznaénymi exkurzemi poméru téchto stabilnich izotopt (Jeppssson 1990, 1998;
Munnecke et al. 2003). Pohled na pfic¢inu frakcionace izotopti uhliku a kysliku vSak
neni uniformni (Bickert et al. 1997). Vyznaény pokles hodnoty 8*C mizZe indikovat
naptiklad pokles biogenni aktivity (Talent et al. 1993, Bickert et al. 1997). Bickert et al.
(1997) vychazi z facialni analyzy a sledovani hodnot stabilnich izotopti ve schrankach
ramenonozcl. Vykyvy poméru izotoptu uhliku interpretovali jako vazanou na zmény
oceanské cirkulace a na globalni zmény v pohibivani uhliku v obdobich ukladéani
¢ernych bftidlic, kdy je v prostiedi snizeny obsah kysliku. Zmény 880 také mohou mit
nékolik pfi¢in, jeho vykyvy souvisi napiiklad s frakcionaci béhem hydrologického

cyklu (odpafovani, kondenzace vodnich par, atp.). Dle Urey (1948) je frakcionace
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tohoto izotopu teplotné zavisla, z cehoz vyplyva, Ze z jeho hodnoty, napt. ze schranek
organismil, lze odvodit teplotu, za které tato schranka vznikala. Pokles 8'°0 miize
znamenat narist teploty vody a zvySeny obsah izotopu °0O miZe byt spojeny
s ,,upwellingem* studenych oceanickych vod. Dal§im vyznaénym pfinosem studia
pom¢éri stabilnich izotopi je jejich vyuziti pro globalni korelace, jak jiz bylo nékolikrat
ovéieno (napi. Brenchley et al. 2003, Melchin & Holmden 2006, Korte et al. 2009,
Cramer et al. 2011).

Silur byl dfive povazovan za obdobi stabilniho, pfiznivého klimatu bez
dramatickych zmén, coz se v poslednich letech pravé i diky studiu poméra stabilnich
izotopu ukazuje jako neptfesné. Jednim z prvnich, kdo tento pohled radikalné zménil,
byl Jeppsson (napt. 1990, 1993, 1996), ktery porovnaval izotopové zmény se zménami
ve spole¢enstvech konodontl na Gotlandu (Svédsko). Navrhl také model piicin t&chto
eventd v souvislosti se zménami motské hladiny a klimatickych podminek (Jeppsson
1996). Naptiklad Aldridge et al. (1993) rozlisili pouze od llandovery do wenlocku
celkem Sest extinénich eventd. Pro graptolitové fauny odlisili Storch (1995a, b)
a Melchin et al. (1998) celkem 8 extin¢nich udalosti. Shrnuti silurskych udalosti uvadi
napft. Johnson (2006).

Ziejm¢ nejlépe prozkoumany je ,Ireviken event (llandovery/wenlock) spojeny
s pozitivni exkurzi 8"*C, vymiranim konodontd a palynomorf a také se zménami
Vv zastoupeni korald, ramenonozct, graptolitli, chitinozoi a ostrakodti (Aldridge et al.
1993, Talent et al. 1993, Samtleben et al. 1996, Munnecke et al. 2003, Eriksson 2006a,
b, Cramer & Saltzman 2007, a dalsi). Eriksson (2006b) analyzoval i biotické zmény
souvisejici s timto eventem v polychaetnich faunach. Zavérem uvadi, ze i tyto fauny

reaguji na zmeny prostiedi podobné jako jiné skupiny a lze je vyuzit jako proxy pro
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vagrantni bentos, ¢ehoz by §lo vyuzit pfedev§im v oblastech, kde se jiné vidci fosilie
nevyskytuji.

V prazské panvi je v soucasnosti predmétem zajmu piedevsim ,,Kozlowskii (Lau)
exkurzi 8*3C v celém fanerozoiku (Lehnert et al. 2003, Munnecke et al. 2003) a také
S krizi organismt (Jeppsson & Aldridge 2000, Calner 2008). Tato udalost byla popsana
pro konodontové fauny jako ,,Lau* event (Jeppsson 1993) a pro graptolitové fauny jako
»Kozlowskii“ event (Urbanek 1993). Tento event byl dokumentovan v raznych
oblastech po celém svété (napt. Australie - Andrew et al. 1994; Svédsko - Wigforss-
Lange 1999, Munnecke et al. 2003, Eriksson et al. 2009; Ceska republika - Manda &
Ktiz 2006, Lehnert et al. 2003, 2007; Pobalti - Kaljo et al. 1995, 1997, 1998, Martma et
al. 2005; Severni Amerika - Saltzman 2001 a dal$i). Prvni, kdo tento event nepiimo
spojil se zménami ve faunach polychaeti byl Bergman (1989), ktery zaznamenal
kontinualni zmény mezi souvrstvimi Hemse a Eke na Gotlandu. Shrnuti efektu eventu
na mnohostétinatce Gotlandu uvadi Eriksson et al. (2004) jako vymizeni jedné tietiny
taxontl. Celkové ale event polychaety ve srovnani s jinymi organismy nepostihl tak
zasadné jako napf. ryby, graptolity nebo konodonty (Eriksson & Frisk 2011). Z prace
Tonarova et al. (2012) vyplyva, Ze 1 v prazské panvi je v souvislosti s touto udalosti
patrny znac¢ny pokles diversity skolekodontil (z 15 taxonti zaznamenanych pied eventem
na 4 po eventu), avsak velikost kolekce je pomérné omezena. V budoucnu bude vhodné

zamg¢fit se na tento typ vyzkumu detailné;i.

7.2 Paleoekologie a paleobiogeografie

JiZ nékolikrat bylo prokazano, Ze skolekodonti mohou poslouzit také jako

paleoekologickd voditka (Tyson 1995, Courtinat 1998, Eriksson et al. 2004). Ze
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silurskych zastupct, u kterych byla pozorovana izka vazba na specifické prostredi, byli
v kolekci z prazské panve zjisténi jedinci nalezejici k rodu Pistoprion a Rakvereprion
Mierzejewski, 1978b (Tonarova et al. 2012). Pro prvni ze jmenovanych taxonu je
typicka vazba na relativné mél¢i prostredi (Hints 2000, Rubel et al. 2007) a pro druhy
naopak spiSe na hlubokovodnéjsi podminky (Mierzejewski 1978b; Hints 2000, 2001;
Eriksson & Frisk 2011). Tyto udaje byly provéfeny piedevSim pro oblast Baltiky
a informace z prazské panve toto zjisténi potvrzuji.

Paleogeografické rozsiteni skolekodontii bylo studovano predev§im pro ordovické
fauny a bylo zjisténo, ze spolecenstva Baltiky a Laurentie maji podobné rodové slozeni
(Hints et al. 2000, Eriksson & Bergman 2003, Hints et al. 2004, Hints & Eriksson
2007a). Celkové je znamo asi 50 ordovickych rodu, fazenych do 15-20 celedi. Na
Baltice se vyskytuje asi 150 druhti a v Severni Americe asi 100 druhti. Ve spodnim
ordoviku byla diversita velmi nizka, od stfedniho ordoviku se vyskytuji 1 zastupci rodii
Oenonites a Mochtyella, ktefi jsou pak bézni v mladsim ordoviku a siluru. Jednotlivé
druhy, az na nékteré vyjimky, byly ale v ordoviku vazané pouze na jeden kontinent
(Hints & Eriksson 2004, 2007a).

Slozeni silurskych faun je velmi podobné pozdné ordovickym (Eriksson et al.
2004; Hints & Eriksson 2007a, b). Ptevazuji zéstupci skupin Polychaetaspidae,
Paulinitidae a Mochtyellidae (rody Oenonites; Kettnerites; Mochtyella; Pistoprion;
Vistulella). Pro silur jsou mimoto typické naptiklad rody Symmetroprion, Skalenoprion,
Langeites a Lanceolatites. Obecné je v siluru znatelny pokles provincionalismu faun
Celistnatych polychaeti (Hints & Eriksson 2007a, b; Eriksson et al. v tisku), stejné jako
je tomu i u jinych skupin organismu (napf. Armstrong & Owen 2002).

Slozeni studovanych skolekodontovych faun v prazské panvi je velice podobné

Baltice i Laurentii, které byly ve svrchnim siluru situované v blizkosti rovniku (Torsvik
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et al. 1992, Cocks & Torsvik 2002). Prazska panev je fazena k peri-Gondwan¢ -
paleomikrokontinetu Perunika (Havlic¢ek et al. 1994), jehoz pozice je pro toto obdobi
odhadovéna do trovné 30. rovnobézky jizni Sitky (Tait et al. 1997, Cocks & Torsvik
2002, Fatka & Mergl 2009). Prozatim zde nebyl zjistén rod, ktery by bylo mozné
oznacit jako endemicky (Tonarova et al. 2012), naopak nékteré jinde zastoupené rody
zde chybi (napt. Kozlowskiprion Kielan-Jaworowska, 1966). Pfinosem kolekce
z prazské panve bylo potvrzeni rozsifeni nckterych skupin, jako naptiklad
Ramphoprionidd, i z peri-Gondwany, kde nebyly diive popsani (viz. napf. Eriksson
2002).

Uzky vztah mezi faunami Baltiky a Peruniky byl nalezen i u jinych bentickych
organismil (viz. Stridsberg & Turek 1997; Havlicek 1999; Kiiz 1999b, 2008; Manda
2007, 2008; Turek & Manda 2011) a tato studie prokdzala, ze zfejm& ani pro
mnohostétinaté Cervy neexistovala mezi témito kontinenty bariéra, omezujici jejich
Siteni. Vysledky paleogeografickych interpretaci je vSak nutné ovéfit detailnim
vyzkumem nejen skolekodontli v prazské panvi ale i v dalSich oblastech, protoze jak je
JiZ zminéno vyse, pro silurské obdobi nejsou studie ve srovnani naptiklad s ordovikem

tak detailni a ani Cetné.
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8. Zavér

e Vysledkem prace byla revize a fotodokumentace kolekci skolekodonti Dr.
Zebery a Dr. Snajdra ze svrchnosilurskych uloZenin prazské panve (nékolika tisic &elisti
na vrstevnich plochach) — uloZenych ve sbirkach Néarodniho muzea v Praze a Ustavu
geologie a paleontologie, Piirodovédecké fakulty, Univerzity Karlovy v Praze.

¢ V historickych kolekcich byla zjisténa vy$si diversita nez je popsana v pracich
Zebery (1935) aSnajdra (1951) - oproti pivodné uréenym 4 taxonim, bylo
zaznamenano celkem nejméné 11 druhd z celedi Mochtyellidae, Polychaetaspidae,
Ramphoprionidae, Paulinitidae, Atraktoprionidae, Skalenoprionidae a Hadoprionidae.

e K revizi historickych kolekci byla vyuzita také nové nashromazdéna kolekce
z vapencovych poloh, ze kterych bylo mozné ziskat izolované jedince. V této sbirce
bylo rozpoznano nejméné 25 druhti v 16 rodech, a byl popsan jeden novy druh
,Mochtyella“ pragensis.

e Vyzkum v prazské panvi potvrzuje facialni zavislost rodu Pistoprion (preferujici
mélkovodni prostiedi), Rakvereprion (preferujici relativné hlubokovodni prostiedi)
a Hadoprion (vyskytujici se v bfidlicnych faciich)

e Ziskana data byla vyuzita k pfedb&znym paleobiogeografickym interpretacim,
ukazujicim blizky vztah Celistnatych polychaetti z Peruniky (prazské panve) a Baltiky.

e Déle bylo zaznamenano snizeni diversity mnohostétinatcti, zfejmé jako reakce
na ,,Kozlowskii* event.

e Vysledky vyzkumu celistnatych polychaetd z prazské panve se ukazaly jako
perspektivni a vhodné pro dalsi studium také z dalSich stratigrafickych trovni a lokalit,

pomoci metodik vyvinutych v rameci této studie.
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9. Systematicka paleontologie

Kmen Annelida Lamarck, 1809
Trida Polychaeta Grube, 1850

Celed’ Paulinitidae Lange, 1947

Rod Kettnerites Zebera, 1935 emend. Snajdr, 1951

Typovy druh: Kettnerites kosoviensis Zebera, 1935

Diagnéza: Celistni aparat rodu Kettnerites se sklada z ventralné umisténého paru
mandibul a sedmi dorzaln¢ umisténych asymetrickych maxil, které jsou az na tieti
maxilu vzdy parové. Na prvni maxily nasedaji drzaky.

Mandibuly maji rozsifenou anteriorni ¢ast, od které se smérem k posteriorni Casti
zuzuji do ,,nasadce’ (= shaft). Na ventralni strané je v piedni ¢asti mandibuly vyvinuta
Sikma vystoupla ploska, od které az k nejzaz§imu konci probiha val.

Prvni par maxil nebo také ,klesté” (= forceps) je asymetricky, ¢lunkovitého tvaru
S vyraznym prvnim hdkovitym zubem (= hook) a s vnitinim téméf po celé délce
ozubenym okrajem, jehoz zoubky se zmenSuji smérem od anteriorni K posteriorni ¢asti.
Prava prvni maxila ma v posteriorni Casti bazalni desticku, kterd vypliluje vytez
V bazalni ¢asti pii jejim vnéjSim posteriornim okraji.

Drzaky jsou protazené, konické s rozSifenym anteriornim okrajem a zfetelné
prohnutymi postrannimi okraji.

Druhé maxily jsou asymetrické, charakteristické svym trojuhelnikovitym tvarem.
Ptiblizné v polovin¢ vnéjsiho okraje Celisti je umisténo rameno (= ostruha, ramus).

Vnitini okraj druhych maxil je ozubeny, zoubky smétuji do posteriorni ¢asti.
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Treti neparova maxila je také trojuhelnikovitého tvaru, s né€kolika nestejné velkymi
zoubky na vnitfnim okraji.
Ctvrté maxily jsou rovnéz nesoumémé, piiblizng &tvercového tvaru, s ozubenym

vnitinim okrajem.

Stratigraficky rozsah: ordovik (Baltoskandinavie, Eriksson & Hints 2009) az karbon?

(Velka Britanie, Hinde 1879, Eriksson 2008)

Diskuze: Zastupci rodu Kettnerites byli casto, obzvlasté v dobach, kdy byl hojné
pouzivan parataxonomicky systém, pfifazovani k jinym rodim, a to napiiklad:
Nereidavus Grinnel, 1877; lldarites Eller, 1936; Arabellites Hinde, 1879 a nebo
Leodicites Eller, 1940. Pomérné obsahly vycet uvadi Bergman (1989, p. 49).
Problematicky je i vztah k piibuznému rodu Paulinites Lange, 1947, ke kterému byl
nékolikrat pfifazen (napt. Kielan-Jaworowska 1966) a naopak zastupci rodu Paulinites
jsou pietazovani do rodu Kettnerites (Kozur 1970, Bergman 1989). S urcitosti byli
doposud zastupci rodu Paulinites popsani pouze z jizni Ameriky a to z devonskych
hornin (Lange 1947, 1949; Eriksson et al. 2011), ze silurskych hornin zatim, dle
soucasné taxonomie (pfedevSim podle Bergman 1989), popsani nebyli. Je zjevné, Ze se
o jeden rod nejedna, avSak tato otazka vyzaduje dalsi detailni vyzkum, mimojiné prave

devonskych hornin z dalSich oblasti pro moZnost detailniho srovnani.

Platné druhy v souc¢asné dobé naleZejici k rodu Kettnerites:

K. abraham Bergman, 1987 K. burgensis (Martinsson, 1960)
K. angulosus (Eller, 1945) K. fjalensis Bergman, 1987
K. bankvaetensis Bergman, 1987 K. hebes Snajdr, 1951
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K. huberti Bergman, 1987 K. plenidens (Eller, 1940)

K. invisibilis (Eller, 1940) K. polonensis (Kielan-Jaworowska, 1966)
K. jacobi Bergman, 1987 K. siaelsoeensis Bergman, 1987

K. kosoviensis Zebera, 1935 K. sylvanensis Eriksson et al., 2005

K. langei Snajdr, 1951 K. sisyphi Bergman, 1987

K. martinssonii Bergman, 1987 K. versabilis Bergman, 1987

K. microdentatus Bergman, 1987

Popsané vyskyty rodu Kettnerites:

Potvrzeni nékterych vyskytu jesté bude nutné ovéfit detailni revizi originalnich kolekci:
V nékolika piipadech neni bezpeéné znamo, jaké druhy jsou zastoupeny, ale je pouze
ziejmé, ze se jedna o zastupce rodu Kettnerites. V ptipadech, kdy byly druhy
rozpoznany, jsou uvedeny ve vyctu u konkrétni oblasti.

Evropa:

Belgie: spodni llandovery, silur (Martin 1973).

Ceska republika: K. kosoviensis - svrchni silur, prazska panev (Zebera 1935,
Snajdr 1951, Tonarova et al. 2012); K. (?) hebes - ordovik, prazska panev (kralodvorské
souvrstvi, Snajdr 1951); K. langei — devon, prazska panev (zlichovské vapence, Snajdr
1951).

Polsko: Kettnerites (= Paulinites) polonensis - ?silur, eratické balvany (Kielan-
Jaworowska 1966), ludlow, silur, vrt Mielnik (Szaniawski 1970).

Velka Britanie: Nektefi britsti zastupci rodu Kettnerites byli popsani pod jinym
urCenim - napft. jako Oenonites aspersus Hinde, 1880 nebo Arabellites anglicus Hinde,
1880 a to z wenlocku a ludlow (Hinde 1880, shrnuti v Eriksson et al. 2004); a dale jako

Arabellites scoticus Hinde, 1879 z karbonu Skotska (Hinde 1879, Eriksson 2008)
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Svédsko: Paulinites (=Kettnerites) burgensis - ludlow, Gotland (Martinsson
1960, Bergman 1989); K. martinssonii, K. polonensis - llandovery-ludlow, Gotland
(Bergman 1989, Bergman 1998); K. abraham, K. bankvaetensis, K. fjaelensis, K.
huberti, K. jacobi, K. microdentatus, K. siaelsoeensis, K. sisyphi a K. versabilis -
Ilandovery-ludlow, Gotland (Bergman 1989); K. sialsoeensis, K. versabilis Gotland
(Eriksson 2006a); zastupci rodu Kettnerites - svrchni ordovik, Gotland (Hints &
Eriksson 2007a).

Estonsko: Kettnerites sp. - svrchni ordovik (Hints 2000, 2001); K. cf. sisyphi -
silur (Hints et al. 2006).

Francie: K. kosoviensis - devon?, Cotentin (Taugourdeau 1967); K. langei —
devon, Boulonnais (Taugourdeau 1970)

Rumunsko: K. cf. kosoviensis - sporny vyskyt bez ilustrace (Taugourdeau &
Iliescu 1982)

Severni Amerika:

Izolované celisti rodu Kettnerites ze Severni Ameriky byly popsany v pracich Ellera
(1940, 1944) - napi. jako Nereidavus invisibilis Eller, 1940 (revize v praci Bergman
1991), a v praci Hindeho (1879) napt. jako Arabellites politus Hinde, 1879; A. similis
Hinde, 1879; A. similis var. arcuatus Hinde, 1879 (revize v Eriksson et al. 2004,
Eriksson 2008). Obzvlasté kolekce E. R. Ellera vsak jesté na dokonceni revize ceka.

Kanada: K. invisibilis, ?K. plenidens - silur, New York (Bergman 1991); K. cf.
sisyphi, Kettnerites cf. polonensis - silur, arktickd Kanada (Hints et al. 2000)

USA: K. (A.) sylvanensis - svrchni ordovik, Oklahoma (Eriksson et al. 2005);
Kettnerites sp., K. aff. angulosus — svrchni ordovik, Cincinnati (Eriksson & Bergman
2003).

Afrika: K. cf. kosoviensis - silur?, Sahara (Taugourdeau 1968)
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Rusko: K. aspersus - llandovery, silur, Severnaya Zemlya (Zaslavskaya 1987).

Druh Kettnerites kosoviensis Zebera, 1935

(Obr. 4;5.A-C; 7.A-H, R, S; 8.A-T, V-X; 9.A-D, M-R, T-AB; 16; 17; 18.A-L)

1935 Arabellites perneri n. sp. Zebera, s. 90-92, tab. 1, obr. 1, 2

1935 Arabellites angustidens n. sp. Zebera, s. 93, 94, tab 1, obr. 5

1935 Kettnerites kosoviensis n sp. Zebera, s. 95, tab. 2, obr. 7

1966 Paulinites kosoviensis Kielan-Jaworowska, s. 124, 125

1967 Kettnerites kosoviensis Taugourdeau, s. 471, tab. 15, obr. 11-13, tab. 16, obr.. 4,
12 (partim)

1972 Kettnerites cf. kosoviensis Taugourdeau, s. 240, tab. 1

Diagnéza (emendoviana):

Prava MI: Vnitini a vn¢j$i okraj jsou témet paralelni. Vnitini okraj je cely ozubeny, za
vyraznym piednim zubem (= hook) nésleduji zmenSujici se, tupé zakoncené, vyrazné
zoubky kuzZelovitého tvaru. Bazalni desti¢ka mize byt pfipojend i izolovana.

Leva MI: Vnitini a vn&jSi okraj je téméf paralelni, vnitini okraj mize byt lehce
vypoukly. Vnitini strana je celd ozubena, s nejveétsimi zoubky v anteriorni ¢asti. Zoubky
jsou tupé, ¢asto pomérné vyrazné. ,,Vnitini kiidlo* (= inner wing) je pomérné vyrazné,
charakteristicky sméfujici do posteriorni ¢asti.

Prava MII: Vyrazny ,,pre-cuspidalni zub, nésledovany vyraznym zubem (= cusp),
dale je wvnitini okraj ozubeny pomérné masivnimi, tupé zakonfenymi zoubky,

zmenSujicimi se smérem do posteriorni ¢asti.
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Leva MII: Vyrazny zub je nésledovan relativné malymi zoubky, které narlstaji na
velikosti smérem k posteriorni ¢asti, pfi¢emz nejvétsi jsou asi v poloviné maxily, poté
se opét zmensuji.

MIIl: Maxila piiblizn€ trojuhelnikového tvaru, s ozubenym vnitinim okrajem,
masivnimi tupymi zoubky. Nema vyrazny zub, ale ozubeni se postupné¢ smérem do
posteriorni ¢asti zmensuje.

Leva MIV: Piiblizn€ ¢tvercova maxila s vnitinim ozubenym okrajem, nemé vyrazny
zub (= cusp).

Prava MIV: Ptiblizné ¢tvercova maxila s vnitinim ozubenym okrajem, bez vyrazného

zubu (= cusp). Oproti levé maxile je v posteriorni ¢asti protazena.

Popis: Snajdr (1951) uvedl velice detailni popis jednotlivych maxil, neni tfeba jej znovu
opakovat. Oproti Snajdrovym postichiim, byly ve srovnavaci kolekci z lokalit lom
velikosti (Obr. 18), a to prevazné mensi nez uvadi Snajdr (1951). Se zahrnutim
Snajdrovych méfeni se velikost elisti miize pohybovat nasledovné: u levé MI od 295
do 4150 um, pravé MI od 380 do 4150 um, levé MII od 610 do 3000 pm a pravé MII od
190 do 3300 um. Nekteré z celisti zfejmé ndlezi juvenilnim jedincim. Jiné nez druhé
pravé maxily je pfi tomto stavu zachovani t€zké odlisit, takZe rozsahy velikosti by

mohly byt ziejmé jeste vEtsi.

Typova lokalita: Lom pod Kolednikem

Stratigraficky rozsah: ludlow-piidoli, silur; je pravdépodobné, Ze stratigraficky rozsah

1 aredl rozSifeni jsou SirSi, ale vzhledem k Spatnému zachovani typového materidlu
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nebyl tento druh popsan z jinych oblasti nez z prazské panve (az na n€kolik spornych

vyskytl - viz. vySe)

Poznamky a diskuze: Snajdr (1951) ur¢il holotyp pro druh K. kosoviensis, kterym je
Zeberou vyobrazeny jedinec &. L42160 (Obr. 7.A-C, sbirky NM). Snajdr také
zrekonstruoval podobu celého aparatu, kterd je mirné upravena na Obr. 16. Po dlouhy
¢as byl typovy jedinec nedostupny (viz. Tonarova 2008), resp. nebylo pfesné¢ znamo,
kde se nachézi. Vliv na tento stav mélo zfejmé i misto ulozeni, které neni stejné jako
prevazny zbytek Zeberovy kolekce, nachazejici se na Ustavu geologie a paleontologie,
Ptirodovédecké fakulty, Univerzity Karlovy v Praze. Jedna se o levou druhou maxilu,
zachovanou v poloze ukazujici jeji ventralni stranu. Zachovani cCelisti je velice Spatné,
ale mezinarodni pravidla zoologické nomenklatury neumoznuji stanoveni lektotypu,
pokud holotyp neni ztracen. Stav se zda byt velice podobny tomu, jak jej vyobrazil jiz
Zebera (1935, tab. 2, obr. 7). Nicméné, v pivodni sbirce Zebery se vyskytuji i jedinci
stejného druhu s lepSim zachovéanim a vice diagnostickymi znaky, které nese hlavné
prava druhd maxila - viz. napt. Obr. 17, kde je druha prava maxila zachovana
z ventralni strany. Toto je zfejmé i z obrazku 4, 5.A-C, 7.A-H, 8.A-T, V-X, kde jsou
jedinci, kteti také podle dnesniho pojeti nalezi ke K. kosoviensis.

Jiz je zminéno vyse, ze druh K. kosoviensis prakticky nebyl popsan z jinych
oblasti nez z prazské panve. Urcil a zaroven vyobrazil jej pouze Taugourdeau (1967)
z devonu Francie. Jedinci z Taugourdeau (1967, tab. 15, obr. 11, tab. 16, obr. 4)
vypadaji velice podobné jako leva druha maxila K. kosoviensis, ktera vSak neni
diagnosticka. Jedinci Taugourdeau (1967, tab. 15, obr. 12, 13; tab. 16, obr. 12) ziejmé
ke K. kosoviensis nenalezi, Ize je dle ilustraci ur¢it pouze jako paulinitidni maxily. Pro

potvrzeni ale bude nutné prostudovat a nové zdokumentovat originalni kolekci.
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Bergman (1989, p. 76), diskutuje podobnost druhu K. kosoviensis s druhem K.
martinssonii Bergman, 1987, zvaZzuje i moznost, Ze se jedna o jeden druh. Studium Iépe
zachovanych jedincti konspecifitu nepotvrdilo. Odlisuji se naptiklad ve vzhledu prvni
pravé maxily, K. kosoviensis ma prvni zub (= hook) ponékud subtilng&jsi, rovnéjsi vnitini
stranu a také se relativné Casto zachovava s pfipojenou bazalni destickou. Leva prvni
maxila je u obou druhti témé&f totozna, opét je ,,hook™ u K. kosoviensis uzsi. Levé druhé
maxily jsou si také velmi podobné. U pravé druhé maxily ma K. kosoviensis vyrazné;si
,,CUSP*, zna¢né se odlisujici svou velikosti od ostatnich zoubku. K. kosoviensis je ziejmé
velmi blizky i dal§Sim druhiim, napt. nékterym zastupcim uréenych Hindem (1882) jako
Arabellites anglicus Hinde, 1880, a to pravé druhé maxile ze siluru Gotlandu, ulozené v
Natural History Museum v Londyné pod c¢islem A2219, avSak nevyobrazené. Po
prostudovani dalSich kolekei je pravdépodobné, Ze se stratigraficky a paleogeograficky

vyskyt druhu K. kosoviensis jesté rozsifi.

C D\ |
'/ N | /
AVER

\

Obr. 16. Rekonstrukce celistniho aparatu Kettnerites kosoviensis, v pravé Casti jsou

prvni maxily s drzaky a v levé druhé az ¢tvrté maxily.
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Obr. 17. Fotografie z optického a elektronového mikroskopu, ,,Pernerites amplus® dle
Zebery, Kettnerites kosoviensis dle dnesniho pojeti, ze sbirky K. Zebery, druha prava

maxila, lokalita lom pod Kolednikem, ¢islo UGP-28. M¢ftitka maji 500 um.

C,H I,K,M,N

Obr. 18. SEM fotografie druhu Kettnerites kosoviensis. Lokalita lom Kosov, kromé

obrazka C, E, I, J, L, kde je lokalita Lis¢i lom. M¢fitka jsou uvedena v obrazku,
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odpovidaji 100, 200 a 400 pm. VSechny celisti ukazuji dorzalni stranu, mimo obr. N,
kde je vyobrazena ventralni strana. A, B pravé druhé maxily (MII) A PT28.1, vzorek
PT5 B PT28.4, vz. PT7 C spojena prava prvni a druhd maxila, PT28.6, vz. PT23 D, E
pravé MII B PT9A.1, vz. PT9 E PT22H.2, vz. PT22 F, G levé MII F PT9A.6, vz. PT9
G PT7A.8, vz. PT7 H-J levé prvni maxily (MI) H PT11B.1, vz. PT11 | PT11A.2, vz.
PT11 J PT15A.1, vz. PT15 K-N pravé MI K PT20A.1, vz. PT20 L PT22G.7, vz. PT22

M PT22G.10, vz. PT22 N PT10A.1, vz. PT10.
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Introduction

Although the research on scolecodonts (= jaws of poly-
chaeteous annelids) started in the 19t century (e. g., Pander
1856) there still remain numerous questions to be answered.
Scolecodonts are quite abundant in Ordovician to Devonian
sedimentary rocks all over the world (Colbath 1988; Szani-
awski 1974), including the Prague Basin (Barrandian area).
Silurian rocks have been selected as a starting point for the
revision of scolecodonts in the Czech Republic. The type
species of the genus Kettnerites ZEBERA, 1935 - Kettnerites
kosoviensis ZEBERA, 1935 has been revised. The basis for
this study is the collection of K. Zebera housed in the Insti-
tute of Geology and Palacontology, Faculty of Science,
Charles University and the collection of M. Snajdr stored in
the National Museum in Prague. These two authors also
published two major papers on Bohemian scolecodonts
(Zebera 1935; Snajdr 1951) that are discussed in detail.

Silurian in the Prague Basin

The Prague Basin is a classical geological area with
lower Palaeozoic rocks that has been studied for nearly two
hundred years (for summaries see: Horny 1955; Havlicek
and Storch 1990; Havligek 1995, etc.). The research
focused mainly on the lithology, faunal benthic communi-
ties and the origin and conditions of sedimentation of this
palaecobasin. Recently, more complex studies of the fossil
environment combined with palacontological data and with
other information such as facial analysis or stable isotopic
data has begun (e.g. K#iz 1991; Lehnert et al. 2007).

The complete non-metamorphosed Silurian succession
(lowermost Llandovery to uppermost Ptidoli) is exposed in

the Prague Basin. Silurian rocks represent only a central
part of the former sedimentary basin. The marginal parts are
not preserved because of the Variscan deformation and ero-
sion. Synsedimentary deformation of the area was accom-
panied by a strong submarine volcanism that significantly
influenced the character of the environment. The volca-
noclastic accumulations gave rise to elevations that provid-
ed a shallow-water, favourable environment for rich benthic
communities (e. g. Havli¢ek and Storch 1990; Kiiz 1992).

In the Early Silurian the sedimentation of black grap-
tolitic shale prevailed. Towards the Late Silurian, lime-
stones with a dominating biodetrital component, substituted
these sediments. In general, Silurian deposits originated in
a quite shallow warm-water environment within the tem-
perate to subtropical climatic zone (Havli¢ek and Storch
1990). The four Silurian series, Llandovery, Wenlock, Lud-
low and Ptidoli, are represented in the Prague Basin by five
formations: Zelkovice Formation, Litohlavy Formation,
Motol Formation, Kopanina Formation and Pfidoli Forma-
tion. Scolecodonts are documented from the Wenlock, Lud-
low and part of the Pfidoli series (see Text-fig. 1).

Material and methods

The specimens collected and studied by Snajdr (1951)
are housed in the National Museum in Prague under the fol-
lowing numbers: 32921 (locality Amerika), 32984 (locality
Kosov) and 32983 (locality Kolednik). From several thou-
sands of mostly discrete scolecodont elements, about 700
specimens were selected for study. The materials studied by
Zebera (1935) are housed in collections of the Institute of
Geology and Palaecontology, Faculty of Science, Charles
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Text-fig. 1. Graptolite biostratigraphy of the Silurian
showing the up to present documented occurrences of
scolecodonts in the Prague Basin. The graptolite zones
are shown proportionally to the supposed relative time
length (chart after K¥iz 1992; Storch 2001).
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University under the numbers 1-133. The majority of spe-
cimens come from the locality “pod Kolednikem” = Koled-
nik and a few elements originate from the Mofina arca
(Lis¢i Quarry). An optical microscope Olympus SZX-ILL
B200 and Electron Microscope JEOL JSM-6380 in the
Institute of Geology and Palacontology (Charles Universi-
ty) were used during this study.

Polychaete annelids and their classification

Polychaete annelids represent a diverse group encom-
passing more than 8 000 extant species (Ruppert et al.
2004). Their role in the recent benthic food chain is quite
important and it is supposed to have been similar in the past.
The importance for palacontology is connected with their
ability to live and prosper even in unfavourable environ-
ments (such as the depletion of oxygen, etc.). This attribute
has resulted in scolecodonts becoming one of the indicative
fossil groups, especially in facies where other fossils are
rare or absent.

The taxonomy of polychaetes is quite complicated.
They had been divided according to their mode of life into:
“Errantia® (motile forms) and “Sedentaria” (sessile forms).
The recent cladistic analysis of annelids resulted in a new
classification with two main clades: Scolecida and Palpata
(see Rouse and Fauchald 1997). The Palpata comprises the
majority of polychaete annelids and are divided into Acicu-
lata and Canalipalpata. The Aciculata encompasses practi-
cally all the former group Errantia and includes major
groups such as Phyllodocida and Eunicida (Rouse et al.
2002). The latter group is the most important in the fossil
record primarily because of its resistant jaws (= scole-
codonts). The majority of them are mobile animals provid-
ed with parapodia which serve for rapid locomotion and
with well-developed eyes. Their life style is usually con-
nected with predation.

The first appearance of polychaetes is dated from the
“Middle” Cambrian (Conway-Morris 1979; Fauchald and
Rouse 1997), while representatives of the order Eunicida
occurred in the latest Cambrian. However, the major diver-
sification of this group proceeded during Early and Middle
Ordovician (Hints and Eriksson 2004); by the Silurian this
group was already diversified (Bergman 1989).

Scolecodonts in the Prague Basin

There are only a few reports on the presence of scole-
codonts in the Prague Basin. Because of the insufficient la-
boratory equipment, this group of microfossils has been
omitted from research for quite a long time. One of the first
authors dealing with different groups of microfossils was
Perner (1894), who found a “conodont” Prioniodus barran-
dei in the Ordovician. Perner mentioned the resemblance of
this form with the jaws of the extant annelid Staurocephalus
GRUBBE, 1855, it suggests that this microfossil should be
classified as “scolecodont” according to the present point of
view. Its grey translucent appearance shifts this microfossil
nearer to conodonts as it was considered by Zebera (1935).
Unfortunately, the original material was not found and thus
the assignment could not be confirmed. Later, Kodym et al.
(1931) reported a similarly controversial finding from the



quarry “pod Kolednikem”, that was later classified by
Zebera (1935) as scolecodont. Further sampling was also
carried out by Boudek and Sulc whose findings together
with the continued initiative of Perner, provided an impulse
for consequent research, especially that of Zebera.

In the 1930's Zebera and Augusta sampled the localities
“Pod Kolednikem”, “Pod lanovkou” and Mofina (= Lis¢i
quarry) and found more than 150 specimens of scole-
codonts and one conodont specimen. Zebera (1935) sum-
marized the results of the fieldwork and classified the ma-
jority of jaws as Arabellites perneri ZEBERA, 1935 (all esta-
blished taxa are summarized in Tab. 1). This species was
relocated by Snajdr (1951) to the genus Kettnerites ZEBERA,
1935 in the family Paulinitidae Lange, 1947.

Boucek (1941) was the next author who mentioned Si-
lurian scolecodonts, while describing new Wenlockian and
Ludlowian sections exposed in the road cut from Lodénice
to Bubovice. Later, Boucek (1947) reported a few speci-
mens of the complete polychaetous worm Palaeochaeta
kettneri from the same exposure. Unfortunately, these sam-
ples are also lost.
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The paper published by Snajdr (1951) comprised the
most significant revision of scolecodonts in the Prague
Basin. He elaborated on material coming from the follow-
ing localities: Kosov Quarry, Jarov near Beroun (= Koled-
nik), Arethusina Gorge and the Lis¢i Quarry (quarries
Amerika near Mofina) (see Text-fig. 2). The latter quarry is
the richest in scolecodonts; Snajdr collected several thou-
sands discrete jaw elements and even several composite jaw
apparatuses. The most common species is Kettnerites koso-
viensis ZEBERA, 1935, assigned by Snajdr (1951) to a fami-
ly of “errant” predatory polychaetes called Paulinitidae
Lange, 1947. Furthermore, Snajdr (1951) described speci-
mens of Pernerites cf. giganteus ZEBERA, 1935 and Ildraites
(?) budiianensis SNAIDR, 1951 (the established taxa are
summarized in the Tab. 1). The same species was also found
by Horny (1955) in the Srbsko-Motfina area (LiS¢i quarry)
in the Phacops fecundus communis Horizon and in the
Kosov quarry in the Scutellum haidingeri Horizon.

The goal of the present research is to put together all the
published data on Silurian scolecodonts from the Barrandi-
an area and to revise in detail the type species of the genus
Kettnerites.

Text-fig. 2. The Prague Basin and localities of the documented scolecodont occurrences (map after Havli¢ek and Storch
1990) 1. Kosov Quarry, 2. Pod lanovkou, 3. Kolednik, 4. Lis¢i Quarry, 5. cut of the road from Lodénice to Bubovice,

6. Arethusina Gorge.
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Systematic part

Terminology is based on Bergman (1989) and Kielan-
Jaworowska (1966).

Phyllum Annelida LAMARCK, 1809
Class Polychaeta GRUBE, 1850
Order Eunicida DALES, 1963
Superfamily Eunicea GRUBE, 1852
Family Paulinitidae LANGE, 1947
Genus Kettnerites ZEBERA, 1935 emend. Snajdr 1951

1964 Kettnerites ZEBERA; Tasch and Stude, p. 649, 651

1971 Kettnerites ZEBERA; Jansonius and Craig, p. 280, pl. 1

1973 Kettnerites ZEBERA; Tasch, p. 459

1985 Kettnerites ZEBERA; Minnil and Zaslavskaya, p. 117-118

1991 Kettnerites ZEBERA; Bergman, p. 249, 253

1999 Kettnerites ZEBERA; Eriksson, p. 403

2004 Kettnerites ZEBERA; Eriksson et al., p- 269, 278, 281, 283,
284, tab. 1

2008 Kettnerites ZEBERA; Eriksson, p. 629, 631, 632

Type species: Kettnerites kosoviensis ZEBERA,
1935.

Locus typicus: Prague Basin, Tepla-Barrandian
Region, Czech Republic.

Stratum typicum: “Budiany Limestone” after
the original designation of Zebera (1935), Pozary Forma-
tion, Pfidoli, Silurian.

Diagnosis (Zebera 1935, p. 95, translation of the
Czech and French versions):

Specimens with a sharply terminated posterior base that
is largely elongated (= shank). Middle part of the lower
margin is thickenned or with a mound that compose a spur.
The anterior part of the base merges into one prominent full
tooth (= fang) that is followed by smaller denticles. The
fang (first and largest denticle) of the genus Kettnerites
resembles that of the genus Arabellites (maxillae I) but they
differ in the sharply terminated posterior part of the base.

Emended diagnosis (Snajdr1951, p.260-261):

Jaw apparatus composed of one pair of mandibles and of
seven asymmetrical maxillary plates with a pair of carriers.

Anteriorly the mandibles have a broad anterior part
(frontal plate), which posteriorly terminates as elongated,
gradually narrowing basal shafts. On the ventral side, in the
anterior part is an oblique, raised plate, from which a cari-
nate rim continues in the direction towards the farthest ends
of the shafts.

The carriers are elongated, of conical shape, with an
irregularly convex anterior margin, with distinctly bent lat-
eral margins. In the original position they overlap some-
what anteriorly.

The forceps are asymmetrical, carinate, and attached to
the carriers; anteriorly they have a characteristic hook, and
their inner margin has for almost the whole of its length,
minute conical denticles. On the upper side of the jaws, a
strong rim runs along the anterior and outer lateral margins.
In the posterior part of the right forceps is a curved basal
plate of irregular shape, which fills the gap in the basal part
of the forceps at the outer lateral margin.
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The asymmetrical dental plates are characterised by
their characteristic triangular shape and by a shank on the
outer lateral margin, approximately at half the length of the
jaw. The shape and number of denticles on the inner margin
differs greatly.

The unpaired piece is also triangular, with some
unequally long denticles on the inner lateral margin.

The paragnaths are also asymmetrical, with an approxi-
mately square shape, with a row of minute denticles on the
inner margin of the jaw and with a distinctly thinning outer
lateral margin.

Remarks

Bergman (1989) published a major revision of the
paulinitid polychaetes, including specimens of the genus
Kettnerites from Gotland (Sweden). In this monograph a
detailed synonymy of the genus and documentation of sev-
eral new species are included. Bergman (1989) distin-
guished two subgenera: Kettnerites (Kettnerites) ZEBERA,
1935 and Kettnerites (Aeolus) BERGMANN, 1987 based on
different first and second maxillae — “K. (4eolus) has fairly
slender MI's often with a fairly wide basal portion and on the
slender MII's the pre-cuspidal denticles, if any, are small”.

Species Kettnerites kosoviensis ZEBERA, 1935
PL 1, figs 1-11

1935 2 Ebetallites ancoraeformis ZEBERA, p. 9, pl. 11, fig. 10

1935 Arabellites perneri ZEBERA, p. 3, pl. 1, figs. 1, 2

1935  Arabellites innaequidens ZEBERA, p. 5, pl. I, fig. 3

1935 Arabellites kettneri ZEBERA, p. 6, pl. 1, fig. 4

1935 Arabellites angustidens ZEBERA, p. 6, pl. 1, fig. 5

1935  Pronereites naviculiformis ZEBERA, p. 7, pl. II, fig. 6

1935  Kettnerites kosoviensis ZEBERA, p. 8, pl. 11, fig. 7

1935  Kettnerites depressus ZEBERA, p. 8, pl. II, fig. 8

1966 Paulinites kosoviensis (ZEBERA); Kielan-Jaworowska,
p- 124, 125

1967 Kettnerites kosoviensis ZEBERA; Taugourdeau, p. 471, pl.
XV, figs. 11-13, pl. XVI, figs. 4, 12

1970 Paulinites kosoviensis (ZEBERA); Szaniawski, p. 466

1972 Kettnerites kosoviensis ZEBERA, Taugourdeau, p. 240, tab. 1

1989  Kettnerites kosoviensis ZEBERA; Bergman, p. 49

Holotype: pl 2, fig. 7 in Zebera (1935) — the spe-
cimen was not found

Locus typicus: Kosov, quarry “pod Kolednikem*

Stratum typicum: “Budiany Limestone” after
original designation of Zebera (1935) = in actual termino-
logy: Pozary Formation, Ptidoli, Silurian

Holotype: (Zebera 1935, p. 95, translation of
Czech and French version)

From a carinate basis (with an elliptical cross profile)
extends a massive solid hook-like denticle followed by
smaller ones. The denticles’ length is about %4 of the hook
and they are conical, unpointed and usually sloping posteri-
orly. The inner margin — denticulated — is separated by a
shallow depression from the posterior part of the base. At one
third of the posterior part of the outer margin is a mould rep-
resenting a transition to a spur. A more distinct spur is a ty-
pical character of MII of the genus Arabellites. Length 1.8 mm.



Remarks

There have been several different classification schemes
for the Kettnerites. Kielan-Jaworowska (1966) transferred
its type species Kettnerites kosoviensis ZEBERA, 1935 to the
genus Paulinites LANGE, 1947, while Szaniawski (1970)
saw a resemblance of Paulinites polonensis KIELAN-
JAWOROWSKA, 1966 to Kettnerites kosoviensis and P. bur-
gensis MARTINSSON, 1960. However, he was not certain
because of insufficient preservation of the species. A quite
different view was published by Bergman (1989) who con-
sidered the species kosoviensis as a representative of the
genus Kettnerites and emphasized its resemblance to the
species Kettnerites (K.) martinssonii BERGMAN, 1987 (origi-
nally described by Martinsson (1960) as Paulinites sp.). Si-
milarly, Bergman (1989) assigned the species Paulinites polo-
nensis (KIELAN-JAWOROWSKA, 1966) to the genus Kettnerites.

Recently, Bergman’s classification has been widely
accepted, for example, Jansonius and Craig (1971) classi-
fied Kettnerites as a valid and relatively common genus
occurring in different regions. Although the Snajdr's (1951)
relocation of the species established by Zebera (see Tab. 1)
to Kettnerites seems to be correct, a more detailed study is
inevitable. Szaniawski (1974, p. 183) partially supported
the transfer of the species Pronereites naviculiformis
ZEBERA, 1935 by mentioning its assignment to the family
Paulinitidae Lange 1947. In the same way, Eriksson (2008)
examined the specimens of the genus Arabellites HINDE,
1879 and proposed the transfer of some species to the genus
Kettnerites. However, a future separation of several taxa
within the Kettnerites kosoviensis from the Prague Basin is
highly possible.

Conclusions

A revision of the collections of K. Zebera and M. Snaj-
dr has been carried out. Recent study of the earlier estab-
lished scolecodont taxa shows, that their taxonomy is much
more complicated than previously supposed. With regard to
the present state of preservation of specimens of the type
species Kettnerites kosoviensis ZEBERA 1935, a new type
specimen should be established. The differences in the first
and second maxillae are possibly greater than could fall
within the variability of one species (K. kosoviensis). That
means a more detailed morphological analysis is needed.
Moreover, a comparison with newly sampled and isolated
specimens is necessary for determination of this species.
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PLATE 1

1-6. Kettnerites kosoviensis ZEBERA, Photographs of Snaj-
dr’s (1951) original specimens.
1’-6’:Schematic illustrations for easier recognition.
The specimens are housed in the collection of the
National Museum in Prague. The scale bar is 500 pm.

. Mlr, L33117 (32921-138).

. Mllr, L33110 (32921-134).

. MllIr, L33106 (32921-135).

. MI's with carriers, L33116 (32921-133).

. MIl, L33102 (32921-136).
6. carriers, L33122 (32921-130).

7-11.Kettnerites kosoviensis ZEBERA, Photographs of
Zebera’s (1935) original specimens. 7°-11° Zebera’s
(1935) Original illustrations. Specimens are housed in
the collection of the Institute of Geology and Palaeon-
tology, Charles University in Prague. The scale bar is
1 mm.
7. Ebetallites ancoraeformis ZEBERA, 1935; Uk-41.
8. Arabellites kettneri ZEBERA, 1935; Uk-27.
9. Arabellites innaequidens ZEBERA, 1935; Uk-43.
10. Arabellites perneri ZEBERA, 1935; Uk-4.
11. Pronereites naviculiformis ZEBERA, 1935; Uk-32.

N A W N -

Explanatory notes:

MIr = right first maxilla (forceps)

MII = left first maxilla

MII = second maxillae and so on — MIII, MIV
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Ordovician and Silurian polychaete diversity and biogeography

MATS E. ERIKSSON, OLLE HINTS, HANNELORE PAXTON & PETRA TONAROVA

Abstract: Eunicidan polychaetes formed a significant part of the Early Palaeozoic marine
invertebrate communities as shown by the abundance and diversity of scolecodonts (polychaete
jaws) in the fossil record. In this study we summarize the early radiation and biodiversity trends and
discuss the palaeobiogeography of these fossils. The oldest (latest Cambrian—Early Ordovician)
representatives had primitive, usually symmetrical, placognath/ctenognath type jaw apparatuses.
The first more advanced taxa, possessing labidognath type jaw apparatuses or placognath
apparatuses with compound maxillae, are first recorded in the Middle Ordovician. The most
significant increase in generic diversity occurred in the Darriwilian, when many common taxa
appeared and diversified. The Ordovician and Silurian scolecodont occurrences allow some
palaeobiogeographical units and distribution patterns to be explored and outlined. The most robust
data presently at hand derive from successions in Baltica and Laurentia. That information, together
with new records from other palaeocontinents, reveals a wide distribution for the most frequent and
species-rich genera and families, thus, similar to the biogeographical patterns of extant polychaetes.
Like many other benthic and pelagic fossil groups, scolecodont-bearing polychaetes show an
increased cosmopolitan character in the Silurian as compared to the Ordovician. Species level
endemism appears to be relatively common, inferring a potential for scolecodonts as

biogeographical tools in the future.

Keywords: Polychaetes, scolecodonts, Ordovician, Silurian, biodiversity, palaeobiogeography
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Polychaete annelid worms are globally distributed metazoans that inhabit a wide range of
environments, from littoral to abyssal, in present-day oceans. They often form a dominant
component of the macrobenthos both in terms of species richness and abundance (Hutchings 1998;
Glashy et al. 2000a). Many polychaete species have traditionally been considered to have wide or
even cosmopolitan distributions, whereas more recent studies have shown that the degree of species
level endemism has been greatly underestimated (Glasby et al. 2000a). By comparison, the jaws
(scolecodonts) of eunicidan polychaetes generally constitute one of the most common groups of
acid-resistant microfossils in the Ordovician through Silurian marine sedimentary rock record,
reflecting the already prominent role of jawed polychaetes in Early Palaeozoic marine communities.
The spatial (and temporal) distribution patterns of these ancient representatives are, however,
relatively poorly known and merit closer attention. Moreover, despite their frequent occurrence and
diversity in the fossil record, scolecodonts have been largely neglected by palaeontologists, partly
due to a problematical taxonomy.

Because scolecodonts derive from complex multi-element jaw apparatuses, their
classification has been hindered by parataxonomic treatment, resulting in systematic problems
reminiscent of those of conodonts and other multi-sclerite-bearing organisms. Recent studies have
shown, however, that most scolecodonts can be confidently identified to species level and that the
taxonomic and nomenclatural obstacles can be overcome (e.g., Bergman 1989; Eriksson &
Bergman 1998; Hints & Eriksson 2010, and references therein).

The record of scolecodont studies encompasses more than 200 papers (excluding
unpublished theses, abstracts, and mere notes on occurrences), the first of which date back to the

1850s (Hints & Eriksson 2007a,b). Research intensified, particularly in the 1960s, when apparatus-
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based taxonomy was widely adopted, but it was not until the 1980s through 1990s that interest in
Ordovician and Silurian forms greatly increased. Data on Ordovician and Silurian scolecodonts are
better than those for other geological periods, but compared to several other fossil groups, our
knowledge on scolecodonts is still relatively meagre (Hints & Eriksson 2007a). Furthermore, the
information that is available is strongly skewed towards Baltica and Laurentia, with faunas from
other palaeocontinents only rudimentarily known, albeit data are steadily growing.

In this paper we summarize the early radiation and examine the biogeographical distribution
of jawed polychaetes in the Ordovician and Silurian, particularly at the genus level, and also relate
this to present-day polychaete biogeography. Centres of origination and migration patterns for some

of the better known taxa are discussed, as well as some tentative palaeobiogeographical units.

Materials and methods
The present analysis is based on data compiled from a wide range of Ordovician and Silurian
scolecodont collections from all over the world (see, e.g., Hints 2000; Eriksson & Bergman 2003;
Eriksson et al. 2004; Hints & Eriksson 2007a), combined with new collections and data from the
published literature on these fossils. As far as possible, we have attempted to use an integrated,
multi-element-based taxonomy and to take nomenclatural and taxonomical issues into
consideration. Still, some names had to be left in open nomenclature. Several of the historical
scolecodont papers require substantial revision, and data from them are not as reliable as those from
modern studies. They must, therefore, be used with great caution. Our primary aim is centred at
working at the genus level, although some of the better known species are also discussed. Thus, the
results presented in this paper should be regarded as preliminary.

The palaeogeographical maps were created using the software BugPlates (courtesy of
StatoilHydro), developed by Trond H. Torsvik (www.geodynamics.no). Many of the Early

Palaeozoic reconstructions of that program follow those of Cocks & Torsvik (2002) but with



substantial revisions in some areas. For this study we applied the software to construct maps using
an orthographic projection that primarily shows Laurentia, Baltica and most of Gondwana. This
means that some areas are hidden from the field of view, but rare polychaete occurrences in, for
example, south China, India, and Australia are shown and labelled at the globe edge.

Because the data on Ordovician and Silurian scolecodonts are patchy, we chose not to sub-
divide the records into shorter time intervals, but rather to provide one general map for each time
period. Thus, the first reconstruction displays the Late Ordovician for 450 Ma (Fig. 1). It was
selected because the most robust and abundant data derive from the Upper Ordovician (Hints &
Eriksson 2007a). A 425 Ma reconstruction was selected for the Silurian world (Fig. 2). This
obviously means that the polychaete occurrence data shown on these maps also include younger
and older records from the same periods. Moreover, the palaeogeographical location of a particular
genus shows its occurrence within a particular palaeocontinent or region and can thus be based on
one or more record/s from one or several section/s.

It should also be noted that the maps only show a selection of the known fossil polychaete
genera from each period. These were chosen either because they are particularly common and/or
characteristic to a certain region, or because they add significant details to our present

understanding of centres of origination or migration patterns.

Early Palaeozoic polychaetes and their diversification

In modern oceanic environments polychaetes belong primarily to the benthic invertebrate
communities, although their mode of life also includes pelagic and nekto-benthic strategies.

They exhibit a wide range of feeding modes, from deposit and suspension feeding to carnivorous,
herbivorous, and even parasitic habits (Glasby et al. 2000a). Many species possessing jaws are in
fact, omnivorous grazers or feed on drift algae, rather than being carnivorous as would likely have
been inferred based exclusively on the morphology of the jaw apparatus (Fauchald & Jumars 1979).

We have little reason to think that the Palaeozoic representatives differed substantially in mode of
4



life and feeding strategies from those living today. Many extant forms have a very conservative
morphology showing little evolutionary change even from a deep time perspective and can be
considered as living fossils (e.g., Szaniawski & Imajima 1996; Paxton 2009; Eriksson & Frisk
2010). For example, the maxillary apparatuses and individual scolecodonts of some extant
prionognath taxa, e.g. Halla and Oenone, are closely similar even to their Early Palaeozoic allies,
such as Atraktoprion, Skalenoprion, and Kalloprion.

Like modern-day eunicidan polychaetes, several reports indicate that many of the
Ordovician and Silurian jaw-bearing forms were facies controlled (Bergman 1989, 1995; Bergman
et al. 2003, Eriksson 1998, 2000, 2001; Hints 2000; Hints et al. 2006), and thus that their
distribution was controlled by water depth, substrate, and/or other limiting factors.

The most species and specimen-rich faunas have hitherto been recovered from shallow-water
environments as opposed to those recorded from distal shelf and basin areas (Bergman 1989;
Eriksson 1997; Hints 2000). It should, however, be noted that there is a bias towards studies based
on relatively shallow marine carbonate facies (most probably caused by the commonly applied
acetic acid technique to digest carbonates for the recovery of scolecodonts) and thus our knowledge
on faunas from deeper water graptoliferous shales is less robust. Moreover, different species, even
of one and the same genus, may display particular habitat preferences or wide environmental
tolerance (e.g., Bergman 1989). Thus, using the occurrence of scolecodonts in general (and without
robust taxonomy) to indicate a specific facies would be an oversimplification, and likely to result in
flawed interpretations. Nonetheless, several stenotopic species can potentially be useful as
environmental indicators (see examples provided by Bergman 1989, 1995; Eriksson 1998, 2001;
Hints 2000; Hints & Eriksson 2010). Studies on extant polychaetes have revealed their potential as
a proxy in estimating and monitoring overall marine biodiversity (Olsgard et al. 2003). However, it
remains to be tested whether scolecodonts can also be useful for similar purposes in the Palaeozoic
rock record.

The abundance of scolecodonts varies greatly between different facies and position on the



platform; ranging from zero up to thousands of specimens per kg of rock. Fused jaw apparatuses
greatly facilitate taxonomy, particularly above the genus level, and aid in apparatus reconstructions.
They are, however, considerably less common than the isolated jaws, most likely as a consequence
of continuous moulting during ontogeny among most (or all) fossil eunicidans (cf. Paxton 2006;
Paxton & Safarik 2008), but also taphonomy and laboratory treatment. Using proper and careful
processing and picking methods, it is nonetheless possible to recover a handful of more or less
complete jaw apparatuses from a one kg carbonate rock sample (e.g., Kielan-Jaworowska 1966;
Hints et al. 2006). The number of species in an average sample also varies considerably but
commonly ranges from 10 to 20, and occasionally reaches as many as 30. Generally, several species
of the same genus co-occur (Kielan-Jaworowska 1966; Bergman 1989; Eriksson 1997, 2001; Hints
1998; Hints et al. 2006), at least among the frequent and species-rich genera.

The oldest scolecodonts are from the uppermost Furongian (uppermost Cambrian). During the
latest Cambrian through Early Ordovician, the frequency and diversity of jawed polychaetes appear
to have been very low (but note that the scolecodont record from this interval in time is
rudimentary). The scanty material available suggests that at least three different, yet still not
formally described, genera with primitive jaw apparatuses occur, but more advanced taxa are thus
far unknown in strata of this age (Underhay & Williams 1995; Hints & Eriksson 2007a).

It was during the Great Ordovician Biodiversification Event (GOBE) that the errant jaw-bearing
polychaete annelids greatly diversified (Fig. 3; Hints et al. 2004; Hints & Eriksson 2007a).
Members of Oenonites and Mochtyella are first recorded at the beginning of the Middle Ordovician
and these genera commonly dominate the assemblages in younger Ordovician, as well as Silurian
strata. Although diversity remained relatively low until the early Darriwilian, it seems evident that
by the earliest Middle Ordovician the main polychaete groups had become differentiated. A major
increase in species diversity and abundance, as well as a rapid increase in the number of genera, is
recorded in the Darriwilian and the early Late Ordovician. Moreover, this interval marks the first

appearance of most of the genera that become common in younger strata and ranging into the



Silurian. Therefore, genus-level diversity remained rather stable through the mid to late Late
Ordovician, with only a slight drop in the latest Ordovician and at the Ordovician-Silurian
transition, which, in many fossil groups, is marked by significant diversity drop and extinction (e.g.,
Sheehan 2001). General differences between the Ordovician and Silurian polychaete faunas have
been observed by e.g., Kielan-Jaworowska (1966), Szaniawski (1970), Hints (2000), and Eriksson
et al. (2004) in Baltica. However, the global picture is more complex and some taxa that were
largely confined to Baltica during the Silurian, such as paulinitids and hadoprionids, may be

common in Ordovician strata of other palaeocontinents (see also below).

Palaeobiogeography

Hints & Eriksson (2007b) briefly outlined the worldwide distribution of Ordovician through
Silurian jawed polychaetes (based on the scolecodont record). This paper represents a continuation
of that study and introduces additional data and collections previously not reported. Figures 1 and 2
show the distribution of common and/or characteristic polychaete genera for the Ordovician and

Silurian, respectively.

Ordovician faunas

The Ordovician faunas of scolecodont-bearing polychaetes have been reviewed by Hints &
Eriksson (2007a). The bulk of the collections and data currently available come from Baltica and
Laurentia, with only scattered occurrences from Gondwanan and peri-Gondwanan areas. Although
there are a number of papers published on Ordovician through Carboniferous scolecodonts from,
for example, the Sahara Desert and France (e.g., Taugourdeau 1968, 1976, 1978, and references
therein), that potentially are important for our understanding of the Gondwanan assemblages, we
find these difficult to use because of the single-element-based taxonomic approach applied coupled
with rudimentary illustrations and descriptions. Obviously, those collections need revision that will

require careful studies of type material. Occurrence data for some of the more easily distinguished
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taxa are, however, included in the present study.

In recent years some new data have emerged, shedding more light onto the global
biogeographical distribution of Ordovician jawed polychaetes. These, largely unpublished
collections are further discussed below.

Altogether approximately 200 jawed polychaete (multi-element) species, belonging to some
50 genera, have been reported from the Ordovician (Hints & Eriksson 2007a). Comparisons
between the best known Ordovician assemblages of Baltica and Laurentia have revealed that at least
half of all genera recorded are common to both palaeocontinents. Moreover, when some of the most
common and species-rich genera, such as Oenonites, Ramphoprion, and Protarabellites, for
example, are present, the faunal similarity is even greater, with these genera often dominating the
assemblages in both palaeocontinents (see Kielan-Jaworowska 1966; Szaniawski 1970; Hints 2000;
Eriksson & Bergman 2003).

There are, nonetheless, notable differences between Baltica and Laurentia. For instance, the
paulinitids, which are fairly common and sometimes dominate the Ordovician assemblages of
Laurentia and other palaeocontinents, appear later in Baltica, and generally remain rare in that
region until the Silurian (Bergman 1989; Hints 2000; Eriksson et al. 2005; Eriksson & Hints 2009).
The hadoprionids, which represent relatively rare but characteristic Ordovician faunal components
in Laurentia (Eriksson & Bergman 1998, 2003), have not been recorded on Baltica before the
Silurian. By contrast, polychaeturids and several taxa with placognath and ctenognath type jaw
apparatuses were very common in Baltica throughout the Middle and Late Ordovician but rare in
Laurentia (Hints 1998, 2000; Eriksson & Bergman 2003; Eriksson & Hints 2009; Hints & Eriksson,
2010). Although some common placognath/ctenognath forms occur (e.g., Mochtyella sensu lato and
Tetraprionidae? gen. nov. B), many of the Baltic genera have not yet been recorded (Pistoprion,
Tetraprion, Tretoprion, Estonioprion, Incisiprion, and several undescribed genera), or only
guestionably so (xanioprionids), in Upper Ordovician strata of Laurentia.

In terms of recent data from other palaeocontinents than Baltica and Laurentia, Whittle et al.



(2008), based on bedding plane scolecodont clusters, described polychaetes from the Upper
Ordovician (Hirnantian) Soom Shale Lagerstétte of South Africa. They recorded an unusual, low-
diversity fauna composed of representatives assigned to the Mochtyellidae and Xanioprionidae.

A recent discovery of Katian scolecodonts from the Qusaiba-1 core, central Saudi Arabia
(Hints et al. 2008a), is also noteworthy. This assemblage is relatively diverse, containing several
species of Oenonites and "Atraktoprion™, alongside Kettnerites sp., Kalloprion sp., a rare
unidentified placognath, and a genus that was referred to as Incertae familiae by Eriksson &
Bergman (2003), based on material from the Upper Ordovician of North America. The latter taxon,
which has maxillae that are morphologically intermediate between those of polychaetaspids,
ramphoprionids and kalloprionids, accounts for the majority of the specimens in the Qusaiba
collection. Moreover, a few unpublished collections from the Ordovician of Libya (material
courtesy of Florentin Paris, Rennes) also revealed a predominance of paulinitids, polychaetaspids
and the above mentioned Incertae familiae.

New discoveries of scolecodonts from Tarim and South China were briefly discussed by Hints
et al. (2008b). Although the collection of samples is very small (scolecodonts were mostly studied
in acritarch slides; courtesy of Jun Li, Nanjing), species of Oenonites, Tetraprion, Lunoprionella,
and Mochtyella were positively identified from the Caradoc of Tarim, alongside possible members
of Ramphoprion, Xanioprion, Pteropelta, Kalloprion and Pistoprion. Another, even smaller,
collection from South China records representatives of Oenonites and Mochtyella-like placognaths
from Dapingian strata.

A recent addition to the global distribution of Ordovician scolecodonts comes from Siberia
(localities close to the mouth of the Podkammenaya Tunguska River; unpublished collection of OH,
samples courtesy of Peep Mannik, Tallinn). A rather well-preserved and diverse Katian(?)
assemblage contains species of Oenonites, Kozlowskiprion, Vistulella, Ramphoprion, Pteropelta,
Xanioprion, Mochtyella, and Leptoprion. At the species level the Siberian fauna seems to be

endemic with the exception of Pteropelta gladiata, which is a very common species in Baltica (see



Hints & Eriksson 2010).

A single scolecodont-yielding sample (unpublished collection of OH) from the uppermost
Katian of eastern Uzbekistan (close to Dushanbe) records poorly preserved species of Oenonites,
Kalloprion, Mochtyella, Xanioprion, and Ramphoprion. Whilst the palaeogeography of this region
remains problematic, these findings further emphasize a wide distribution of many polychaete
genera in the Ordovician.

The previous knowledge, as summarised by Hints & Eriksson (2007a), complemented with
these more recent discoveries allow us to conclude that many Ordovician polychaete genera were
globally distributed. However, a number of taxa, including for example Kettnerites, Hadoprion,
Pteropelta, and Pistoprion, were characteristic to one or two continents and very rare or missing
altogether elsewhere. At the species level, the faunas of different regions seem to have been largely
endemic, with only a few examples of intercontinental distribution recorded so far (see additional

details in Eriksson & Bergman 2003; Hints & Eriksson 2007a).

Silurian faunas

The Silurian polychaete faunas have been reviewed by Eriksson et al. (2004). Since then, a few new
collections have been studied, including a rich and interesting assemblage from the Prague Basin,
which is discussed below.

The data on Silurian scolecodonts have relatively good overall geographical coverage,
possibly even better than that of the Ordovician. Most detailed studies on scolecodonts of this age
have thus far dealt with the latest Llandovery through Ludlow succession of Gotland, Sweden,
beginning with the pioneering work by Hinde (1882). The estimated number of species from
Gotland alone exceeds 100, representing no less than 28 genera (Eriksson et al. 2004). Moderate to
relatively large collections of Silurian scolecodonts are known also from Estonia, USA, Canada
(including the Canadian Arctic), the British Isles, and Severnaya Zemlya of Arctic Russia, whereas

very limited data are available from China, Australia and North Africa, i.e., the Gondwana areas
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(Eriksson et al. 2004, and references therein).

The Silurian polychaete assemblages are largely dominated by the same genera as the
Ordovician ones, i.e., Kettnerites, Oenonites, Mochtyella, Pistoprion, Vistulella, Protarabellites,
Kalloprion, and Leptoprion. Some taxa, such as, Symmetroprion, Skalenoprion, Langeites, and
Lanceolatites are, however, principally restricted to the Silurian. The genus-level data summarized
by Eriksson et al. (2004) indicates that the degree of endemism among polychaetes was less during
the Silurian than in the Ordovician. Gotland and Estonia, representing different parts of the
Baltoscandian palaeobasin, seem to have shared the most genera and species (Eriksson et al. 2004;
Hints & Eriksson 2004; Hints et al. 2006). The subtle differences in taxa composition between these
areas can best be explained by differences in facies, stratigraphical gaps, and the limited number of
detailed comparative studies.

Many of the Baltic species also occur elsewhere. For example, Rhytiprion magnus was one
of the first species for which an intercontinental distribution was unambiguously documented
(Bergman et al. 2003). Pistoprion “serrula” (sensu Bergman 1979) occurs abundantly in the Baltic
region, but also in Severnaya Zemlya (Mannil & Zaslavskaya 1985), Arctic Canada (Hints et al.
2000), and the Welsh Borderland (unpublished data). Protarabellites rectangularis, Symmetroprion
spatiosus, and Langeites glaber have been recorded from both Baltica and the Canadian Arctic
(Hints et al. 2000). Baltica and Severnaya Zemlya (which may have been part of the Siberian
platform or a separate Kara terrane), also had other polychaete species in common. For example,
Mochtyella sp. A of Hints et al. (2006) and Kettnerites sisyphi are found in both regions and often
form a significant part of the assemblages. The latter species has also been recorded in Canada.
Other species occurring in more than one of the above-mentioned areas include several
polychaetaspids, kalloprionids, and mochtyellids that remain to be formally described. Thus, the
assemblages of the different regions forming Laurussia during the late Silurian-Devonian times
seem to have been grossly similar in taxonomic composition.

As for the Ordovician, data from Gondwana and peri-Gondwana regions are considerably
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scarcer than that from Laurussia. A new and important collection from the Silurian of the classical
Barrandian area (Prague Basin) has revealed important ties, particularly between Perunica and
Baltica (Tonarova 2010). During the Silurian, Perunica was situated at middle-southern latitudes,
with supposedly cooler water conditions, compared to, for example, Baltica (Lehnert et al. 2007).
The Lower Silurian sedimentary succession of the Prague Basin is characterized by black graptolitic
shales that grade into Upper Silurian biodetrital limestones (Havli¢ek & Storch, 1990).
Scolecodonts primarily of paulinitid affinity, preserved on bedding planes, have been previously
recorded and described from a number of road cuts and quarries in the area (Zebera 1935; Boucek
1941; Snajdr 1951; Tonarova 2008). A section from one of these productive localities, the Kosov
Quarry in the western part of the Prague Basin, was recently sampled in closer detail to retrieve
scolecodonts through acid digestion techniques. Eighteen samples were collected from the upper
part of the Ludfordian (Ludlow) Kopanina Formation (for a detailed description, see Lehnert et al.
2007, and references therein). This section exposes micritic limestone with shale intercalations
representing a deeper, slope-to-basin transition, marine setting. All but one sample yielded
scolecodonts associated with various other acid resistant fossils. The diverse polychaete
assemblages include representatives of Kettnerites, Oenonites, Vistulella, Protarabellites,
Kalloprion, Lunoprionella, Mochtyella, Pistoprion, Rakvereprion, Symmetroprion, and Tretoprion,
the first four of which represent the most common genera. This new material reveals a high degree
of generic and specific correspondence between Baltica and Perunica. Moreover, it shows
considerably more diverse peri-Gondwanan faunas than previously known and expands the palaeo-
latitudinal distribution of some genera, such as for example Protarabellites, Symmetroprion,

Kalloprion, and Tretoprion.

Palaeobiogeographical units and distribution patterns
The present scolecodont data suggest that different regions were characterized by certain faunal

components, allowing some tentative palaeobiogeographical units to the distinguished. However,
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because of the limited knowledge on the degree of overall endemism of the different biotas, we are
being careful in delimiting a rank for these polychaete units. During the Middle and Upper
Ordovician, a Baltic biochorema characterized by Pteropelta and Pistoprion can be distinguished,
whereas that of Gondwana and peri-Gondwana was characterized by Kettnerites (Fig. 1). The latter
genus, and paulinitids in general, came to represent common and widespread representatives in the
Silurian, together with, for example the polychaetaspid genus Oenonites. As noted above,
Pteropelta was very rare in the Ordovician of Laurentia, which instead was generally characterized
by Kettnerites, Hadoprion, and Incertae sedis. The latter taxon was referred to as Incertae familiae
(Incertae sedis in Fig. 2), by Eriksson & Bergman (2003) and found to be a common element in the
Upper Ordovician of the type Cincinnatian region, USA. Like Hadoprion it is, however, not
recorded from Ordovician strata of Baltica. It is therefore interesting that Hints et al. (2008b)
recently recorded what appears to be a congeneric form from Saudi Arabia and Libya, suggesting a
link between Laurentia and Gondwana.

The genus- and species-level data indicate decreased endemism from the Ordovician to the
Silurian (Figs. 1-2). This agrees well with the global plate tectonic configuration, particularly in the
closing of the lapetus Ocean (Figs. 1-2). Likewise, other benthic and pelagic fossil groups, for
example, conodonts, chitinozoans, and shelly benthos, show an increased cosmopolitan character in
the Silurian as compared to the Ordovician (e.g., Laufeld 1979; Bergstrom 1990; Cocks & Fortey
1990).

The occurrence records and distribution patterns also allow us to begin evaluating possible
centres of origination and migration patterns, at least for some of the better known taxa. For
example, it appears likely that Rhytiprion magnus originated in the Baltic area in the Middle
Ordovician and subsequently spread to Laurentia during the Silurian. By contrast, the relatively
rare, yet widespread species Hadoprion cervicornis seems to have originated in Laurentia during
the Ordovician and migrated to Baltica and Avalonia during the Silurian (Eriksson et al. 2004;

Hints & Eriksson 2007a). Symmetroprion, a typical Silurian genus of Baltoscandia (see Kielan-
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Jaworowska, 1966; Bergman, 1995) was recently also discovered from latest Mohawkian or earliest
Cincinnatian age strata (TS 5c of Webby et al. 2004) in Laurentia (Hints & Eriksson 2007a). Being
the oldest record prior to its first appearance in the Porkuni Stage (TS 6c) of Baltica, this could
suggest that this taxon also originated in Laurentia and spread to Baltica during the Silurian.

Based on the data presently at hand it appears almost as if Baltica was a hotspot for
taxonomic origination and biodiversification of jaw bearing polychaetes during the Ordovician. It
remains, however, to be tested whether this could be an artificially inflated, “monographic burst”
effect (e.g., Hammer 2003, and references therein) or if environmental and ecological factors

actually may have been more suitable compared to other palaeocontinents and regions.

Discussion

With increasing knowledge of the palaeobiogeography of polychaetes, we should be able to
discriminate more refined Palaeozoic biogeographical units, such as realms and provinces, which
might possibly lead to comparisons with, and better understanding of modern-day polychaete
biogeography. Conversely, as polychaete biogeography and ecology is increasingly studied, that
information can be used for a better understanding of ancient faunas and their distribution.

The life cycles of most extant polychaetes were traditionally thought to involve broadcast
spawning and a planktonic larval stage, permitting a wide geographical distribution. All families,
except for a few species-poor ones, were also thought to occur in all present-day oceans and at all
depths, with most genera being equally widespread, and many species being cosmopolitan as well
(Fauchald 1984). Polychaetes have therefore been considered as relatively poor biogeographical
indicators (Ekman 1953) and have thus been somewhat neglected in corresponding studies.
However, a review of the sexual reproduction in polychaetes has shown that of 306 nominal
species, only 79 exhibited external fertilization and planktotrophic larvae. Forty-four species were
lecithotrophic or directly developed larvae, and the remaining species were brooders (Wilson 1991).

Although the reproductive modes for the majority of polychaetes are unknown, it has been
14



suggested that external fertilization and the planktonic larval stage may not represent the primitive,
but rather the derived mode of reproduction (Rouse & Fitzhugh 1994). Recent taxonomic revisions
also indicate lower levels of cosmopolitanism of polychaetes than previously purported (Glasby et
al. 2000b).

Modern biogeographical analyses have shown that species with revised taxonomy and an
appropriately known phylogenetic position allow the discrimination of three global biogeographical
polychaete realms, remarkably similar to those of many other organisms, as well as numerous areas
with a high degree of endemism (e.g., Glasby & Alvarez 1999; Glasby 2005). For example, data
from the Austral realm show that approximately 60% of all species included in the analysis are
endemic to a particular area (Glasby & Alvarez 1999). Glasby (2005) also showed that the
polychaete distribution patterns are consistent with plate movements from the Jurassic Period and
onward.

Most of the approximately 100 extant polychaete families are entirely soft-bodied and have
no, or an extremely limited, fossil record. The exception is the order Eunicida with seven extant
families (Paxton 2000, 2009). The jaw architecture of these families can be clearly aligned with
those of extinct eunicidans. From the few fortuitously preserved eunicidan fossils (e.g., Thompson
& Johnson 1977; Bracchi & Alessandrello 2005) we know that they had similar gross body
morphology, and can assume that their habitats and modes of reproduction were also similar. Many
extant eunicidans are tubicolous or burrowers, many are brooders or have moderately large eggs
that are suggestive of nonplanktotrophic development (Fauchald 1983) and thus have a low
potential for dispersal both as larvae and adults.

Fauchald (1984) argued that the wide geographical distribution of extant polychaetes is the
result of the very old age of the group. It is therefore interesting to examine the early evolutionary
history and the faunas of the Early Palaeozoic, a time during which this group diversified
significantly. In spite of the limited amount of data it seems that the distribution of Ordovician and

Silurian polychaetes was similar to that of extant polychaetes in that most families and genera were
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widespread and occurred in more than one palaeocontinent. However, a few endemic families and
genera are also known. At the species-level, the data indicate a high degree of provincialism,
especially in the Ordovician (Eriksson & Bergman 2003; Hints & Eriksson 2007a). Detailed
comparisons of the palaeobiogeography of scolecodont-bearing polychaetes with that of other Early
Palaeozoic groups of organisms are, at this stage, premature. Nevertheless, similar large-scale
patterns, like the decrease in endemism from the Ordovician to the Silurian, can already be
recognized.

Our knowledge, unfortunately, still suffers from a dearth of systematic studies, based on
modern multi-element taxonomy, from different regions of the world. However, the continuous
emergence of new data (including also revisions of historical collections), allow us to progressively
evaluate and understand the potential of this fossil group in palaeoecology and palaeobiogeography.
It is evident from the fossil record that scolecodont-bearing polychaetes were already an
ecologically important and abundant part of the marine invertebrate communities during the Early
Palaeozoic. Scolecodonts are widespread in the rock record and occur in deeper water
graptoliferous shale facies as well as in shallower water carbonate facies. They can therefore aid as
palaeontological tools when more traditionally used and better known fossil groups, such as
trilobites, graptolites, and condonts, are rare or lacking. Moreover, because scolecodonts by
definition are palynomorphs, they can be extracted without damage also from siliciclastic rocks
using hydrofluoric acid, which obviously presents a significant advantage to several shelly fossil
groups. Stenotopic polychaete taxa can be used to infer depositional settings and changes in
endemic/cosmopolitan polychaete communities seem to reflect the plate tectonic configurations in

deep time, especially as shown here during the closing of the lapetus Ocean.
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Figure captions

Fig. 1.

Occurrences of selected scolecodont-bearing polychaete genera in the Ordovician. The BugPlates
software (www.geodynamics.no) was used for this 450 Ma palaeogeographic reconstruction. The
left globe shows more cosmopolitan genera whereas the right one shows taxa that are characteristic
to certain regions. Grey symbols represent uncertain identifications or an insignificant role of a
particular taxon in well known assemblages (Kettnerites and Incertae sedis in Baltica and

Pteropelta in Laurentia).

Fig. 2.
Occurrences of selected scolecodont-bearing polychaete genera in the Silurian. The BugPlates
software (www.geodynamics.no) was used for this 425 Ma palaeogeographic reconstruction. Grey

symbols represent uncertain identifications. Note that the key is partly different from that of Fig. 1.

Fig. 3.
Global genus-level diversity of Ordovician polychaetes, as based on the scolecodont record

(modified from Hints & Eriksson 2007a).
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A jawed polychaete fauna from the late Ludlow
Kozlowskii event interval in the Prague Basin (Czech
Republic)

PETRA TONAROVA, MATS E. ERIKSSON & OLLE HINTS

This paper deals with a diverse fauna of polychaetes possessing jaws (= scolecodonts) from the late Silurian Kopanina
Formation of the Prague Basin (Czech Republic). The most common genera are Kettnerites, Oenonites and Pistoprion;
the entire collection contains at least 16 genera. This is in stark contrast to the four genera recorded from this region by
previous authors. The fauna described shows great similarities with coeval ones reported from the Baltic area (Gotland
and Estonia), Siberia, Arctic Canada and the British Isles. These new data thus extend the palaecobiogeographical and
palaeolatitudinal distribution of several taxa, particularly at the genus but also the species level. The sampled interval
embraces the Kozlowskii event and its effects on the polychaetes are briefly discussed. Although the collections are rela-
tively small, particularly from post-event strata, a faunal reorganisation is apparent. The studied collection enabled the
stratigraphical ranges of some taxa, including tretoprionids and possibly polychaeturids, to be extended into the late
Ludlow. One new species, “Mochtyella” pragensis, is described. * Key words: scolecodonts, palacobiogeography,
Kozlowskii/Lau event, Silurian, Ludlow, Kopanina Formation, Prague Basin.
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Polychaete worms represent one of the most common com-
ponents of benthic invertebrate faunas in the recent oceans
and they have a world-wide distribution (e.g. Hutchings &
Fauchald 2000). Except for their jaws (= scolecodonts),
chaetae and their associated tubes and burrows, polychae-
tes do not fossilize well as they are composed of soft tissue
that generally decomposes rapidly. The fossil record of po-
lychaetes dates back to the middle Cambrian (Conway
Morris 1979, 1985), but the oldest undoubted scolecodonts
are recorded from the latest Cambrian strata (Williams et
al. 1999). Similarly as in modern-day oceans most Palaeo-
zoic jaw-bearing polychaetes belong to the order Eunicida,
representatives of which today live as infaunal burrowers,
epifaunal crawlers, tube builders or inhabit reefs and
reef-like structures (e.g. Paxton 2000). Just as their mode
of life is variable, eunicidan feeding strategies are also di-
verse: carnivorous, herbivorous, omnivorous scavengers;
some taxa use their jaws to excavate into coral frameworks
and are thus efficient bioeroders (Paxton 2000). Similar
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modes of life and feeding strategies are expected also in
deep time and their inferred behaviour may aid in recon-
structing and understanding palaeoenvironments.

The complex eunicidan jaw apparatuses consist of a
pair of ventral mandibles and a multi-element dorsal maxil-
lary apparatus (e.g. Kielan-Jaworowska 1966, Szaniawski
1996). The maxillae are by convention numbered from
posterior to anterior with an “M” and successive Roman
numerals: MI-MVI. The paired maxillae are referred to
left and right when viewed from the dorsal side. Their com-
position of resistant organic matter (scleroproteins) and
hardening by various metals or other minerals (Michel &
DeVillez 1978) add to their fossilization potential.

Only a few reports have been published on Silurian
scolecodonts from the Prague Basin (Zebera 1935, Boucek
1941, Snajdr 1951, Tonarova 2008). One aim of the present
paper is to compare results from historical collections, based
on specimens preserved on bedding plane surfaces, with
new samples from which scolecodonts were recovered
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through acid digestion. As in the previous studies, the
Ludfordian Kopanina Formation of the LiS¢i and Kosov
quarries, Prague Basin, Czech Republic, was sampled. The
stratigraphical interval spans the Neocucullograptus
kozlowskii and Pseudomonoclimacis latilobus—Slovino-
graptus balticus graptolite biozones, thus also embracing
the Kozlowskii event. Being the first account of a diverse
scolecodont assemblage from Perunica, this work provides
important information on the distribution, taxonomic com-
position and biogeography of Silurian polychaetes.

Geological background

The Prague Basin was defined by Havli¢ek (1981, 1982)
for the Ordovician to Middle Devonian deposits situated
between Prague and Pilsen. The study of these commonly
richly fossiliferous rocks commenced more than 150 years
ago (for summary see Chlupac et al. 1998), which makes it
one of the best studied early Palaeozoic basins. The entire
Silurian succession is non-metamorphosed, with rich and
diverse benthic and pelagic fossil faunas. It is confined, to-
gether with Devonian deposits, to the central part of the
present synclinorium of the Prague Basin (Fig. 1). The gra-
dual synsedimentary deformation accompanied by the
strong submarine volcanism that culminated during the late
Wenlock and early Ludlow, formed the character of the ba-
sin (Ktiz 1991). The volcaniclastic accumulations gave
rise to submarine elevations and also to an emergent island

Bl Silurian

+ Localities

Figure 1. Simplified map of the Silurian rocks of the
Prague Basin with localities of interest indicated (re-
drawn after Havli¢ek & Storch 1990).

......

PRAGUE

'~ Faults

Urban areas

surrounded by shallow-water bioclastic limestone (Horny
1955, 1962; Kiiz 1991). In general, the Silurian deposits
originated in a relatively shallow, warm-water environ-
ment within the subtropical climatic zone (Kiiz 1991,
Storch et al. 2006).

The present study is focused on a succession of the
Kopanina Formation (late Ludlow) that is composed of
cephalopod and brachiopod-rich limestones, dark platy
micritic and biomicritic limestone, calcareous shale, tuf-
faceous limestones, and calcareous tuffs (Horny 1955;
Kukal 1955a, b; Kiiz 1991, 1992; Ferretti & Kiiz 1995;
Cép 2002; Cap et al. 2003). This succession has recently
been investigated for graptolite biostratigraphy (Storch
1995) and the Kozlowskii event (Manda & Kiiz 2006,
Lehnert et al. 2007, Manda et al. 2012).

The Kosov and LiS¢i quarries were chosen for this
study on the basis of previous reports on scolecodonts by
Zebera (1935) and Snajdr (1951). The latter author de-
scribed the Lis¢i Quarry as the richest locality for
scolecodonts in the Prague Basin, even though he dealt
only with shales from the upper part of the Kopanina For-
mation. The localities and regional history of scolecodont
research are briefly described below.

The Kosov Quarry

The Kosov Quarry is situated in the western segment of the
Prague Basin (sensu Kiiz 1991) approximately 1.5 km
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southwest of the city of Beroun (see Fig. 1), on the north-
western slope of the Kosov Hill (= “Dlouha hora”). The se-
quence of Silurian rocks exposed in this quarry starts with
the Motol Formation (Wenlock Series, middle Sheinwood-
ian) and reaches the middle part of the Pfidoli Formation
(Pridoli Series) (Horny 1955, Kfiz 1992).

The studied section (49° 56" 22.0” N, 14° 03" 16.2" E,
Fig. 2A) is situated on the second level of the southern part
of the Kosov Quarry area. Detailed information on this ex-
posure is provided by Kiiz (1992), Storch (1995) and
Lehnert ef al. (2007, p. 233, figs 4-6), who documented
fossil groups such as graptolites and conodonts, facies ar-
chitecture and the stable isotope (8'30, 8"°C) record. The
studied scolecodont samples derive from beds 2 to 19 sensu
Lehnert er al. (2007). The upper part of the Kopanina For-
mation (Ludfordian Stage) exposed in this section corre-
sponds to the N. kozlowskii and P. latilobus—S. balticus
graptolite biozones. By comparison, Snajdr’s (1951)
scolecodont samples were collected from several shale
beds within the P. latilobus—S. balticus and Pristiograptus
fragmentalis biozones.

Unfortunately, conodonts are represented mainly by
long-ranging coniform taxa, with the exception of bed 10,
in which the index species Polygnathoides siluricus is
present (Lehnert er al. 2007; L. Slavik, Prague, personal
communication 2010). The lower part of the section repre-
sents relatively deeper-water settings of the transition from
the lower slope of the Kosov volcanic complex to the basin.
It is composed of deep-water shales, tuffitic shales and
black spiculitic mud- to wackestone. Upwards through the
section the shale content decreases and the environment
becomes relatively shallower with strata represented by
bioclastic wackestone and packestone (Lehnert et al.
2007). The trends in changes of the environment are sup-
ported also by previous macrofaunal studies (e.g. Kiiz
1992).

The Lis¢i Quarry

The Lis¢i Quarry (Fig. 1) is situated in the central segment
of the Silurian sedimentary area of the Barrandian (sensu
Kfiz 1991) and it is a component of the “Amerika anti-
cline” (Svoboda & Prantl 1954). The quarry is situated ap-
proximately 2 km northwest of Karl$tejn Castle and about
2 km west of the Mofina village. The quarry and its sur-
roundings have been studied since the first half of 20" cen-
tury (for details see Horny 1955; Ktiz 1986, 2008, and refe-
rences therein). This locality is one of the richest in terms
of Silurian fossils from the Prague Basin with more than
200 species hitherto reported (Ktiz 2008). The Kopanina
Formation exposed in the quarry comprises several lithoty-
pes varying in the amount of tuffite material, colour and
proportion of bioclasts (Kukal 1955b, Mikulés ez al. 2003).

The studied section (49° 57" 18N, 14° 10" 23”E) is lo-
cated in the north-western part of the quarry. The scole-
codont samples derive from eight levels representing the
upper part of the P. siluricus conodont Zone (L. Slavik,
Prague, personal communication 2010), corresponding to
the Acanthalomina minuta Community (Horny 1955). The
rocks are predominantly bioclastic light to dark grey
wackestone and packestone with intercalations of grey
tuffitic shale (see simplified profile in Fig. 2B).

Material and methods

Twenty-six samples were processed in the palynological
laboratory of the Faculty of Science, Charles University in
Prague. All samples yielded scolecodonts, sometimes ac-
companied also by chitinozoans, sponge spicules, brachio-
pods, graptolites and unidentifiable organic fragments. The
weight of the initial bulk samples varied from 200 to
1000 g. Generally only up to 200 g was dissolved using a
methodology similar to that described in detail by Kielan-
Jaworowska (1966), but with an acetic acid concentration
of 5%. Sample processing took approximately one month,
including changing of acid and sieving the samples every
week. Particularly resistant samples were subsequently tre-
ated with 20% hydrochloric and 30% hydrofluoric acid.
After digestion the residue was gently rinsed through a
50 um sieve. Finally, the wet samples were hand-picked
from Petri dishes under a stereomicroscope, using a micro-
pipette or an eyelash. Some specimens still had to be cleaned
in hydrogen peroxide or hydrofluoric acid depending
on the character of adherent particles. The specimens are
stored in small plastic containers filled with glycerine and a
drop of formaldehyde to prevent mould growth.

The specimens were photographed using a Scanning
Electron Microscope (SEM): a JEOL JSM-6380 at the In-
stitute of Geology and Palacontology (Charles University
in Prague), Hitachi S-3400N at the Department of Earth
and Ecosystem Sciences (Lund University) and Zeiss EVO
MALI1S5 at the Institute of Geology (Tallinn University of
Technology). Additional photographs were taken with a
digital camera attached to a Nikon AZ100 light microscope
in Tallinn. All samples are stored in the collections of the
Czech Geological Survey under numbers PT1 to PT27.
Scolecodont descriptive terminology follows that of
Kielan-Jaworowska (1966).

Scolecodonts from the Prague Basin
Previous records

The first, but also the most disputable, remark on the occur-
rence of scolecodonts in the Prague Basin is that by Perner



(1894). He found a “conodont”, Prioniodus barrandei Per-
ner, 1894, in the Silurian rocks of the “Lapworth Colony”,
subsequently correlated with the Telychian Streptograptus
crispus graptolite Biozone by Storch (1994). Perner suppo-
sed that his specimen was of polychaete affinity and noted
its resemblance to the extant genus Staurocephalus Grube,
1855. He used the designation “conodont” merely because
the term scolecodont was not coined until considerably la-
ter, by Croneis & Scott (1933). Zebera (1935) who pro-
bably had this material at his disposal, later interpreted the
specimen as a conodont and compared it to his species Pri-
oniodus perneri Zebera, 1935. Although this interpretation
most probably was correct the type material of P. barran-
dei cannot be located at present, thus further re-evaluation
is not possible.

The first detailed study of scolecodonts was by Zebera
(1935), who sampled three Silurian localities exposing
strata of the P. latilobus—S. balticus and N. ultimus grapto-
lite biozones. Zebera recovered more than 150 specimens
and established nine new species: Arabellites perneri,
A. angustidens, A. innaequidens, A. kettneri, Ebetallites
ancoraeformis, Kettnerites kosoviensis, K. depressus, Per-
nerites giganteus and Pronereites naviculiformis. The
most common species in the collection is the one he as-
signed to A. perneri, followed by Pernerites amplus
(the latter was, however, not mentioned in his published
paper). The labels in the collection seem to have been pre-
pared for further work that was never completed. Some of
the specimens from the Amerika quarries (Li$¢i Quarry,
Moftina area) are closely similar to A. perneri but were
designated K. kosoviensis, indicating that Zebera in-
tended such a reassignment. The collection of Zebera
(1935) is housed in the Institute of Geology and Palacon-
tology, Charles University in Prague under the numbers
IGP coll. Zebera 1-154 (not all specimens are present)
and at the National Museum in Prague under the number
28368.

Snajdr (1951) reassigned most of Zebera’s taxa to
Kettnerites kosoviensis Zebera, 1935. The main reason for
this was that Snajdr considered their differences to reflect
intraspecific variability. Using the approach of Bergman
(1989), the Snajdr collection would consist of two or three
species of Kettnerites but the preservation of the specimens
does not allow more detailed assessment. The two remain-
ing species of Zebera, Ebetallites ancoraeformis and Per-
nerites giganteus, together with Ildraites? budrianensis
Snajdr, 1951, are of non-paulinitid affinity and need taxo-
nomic revision. Snajdr obviously was aware that additional
species occurred in the samples but left them in open no-
menclature or undescribed until it would be possible to
match them to apparatus-based species. He worked mainly
with specimens that were preserved in associated clusters
on the bedding plane surfaces, in order to determine what
different types of elements were included in one species.

Snajdr (1951) also emended the diagnosis of Kettnerites
Zebera, 1935. Unfortunately his study did not include ex-
amination of Zebera’s original collection but instead he
supported the results on his own extensive collections,
which consist of several thousand bedding plane speci-
mens from the same stratigraphical interval. Less than one
hundred of these specimens belong to genera other than
Kettnerites, but their proper determination is complicated
due to their poor preservation.

The collection of Snajdr (1951) is presently housed at
the National Museum in Prague under collection numbers
32921, 32984 and 32983. For additional information on the
historical collections, see Tonarova (2008).

Zebera (1935) and Snajdr (1951) did not dissolve rocks
from the Prague Basin for the recovery of isolated jaws,
which generally are essential for accurate taxonomic de-
termination. Despite the remarkable amount of material
gathered, the bedding plane specimens are commonly
compacted and/or cracked which obviously hampers iden-
tification. An attempt by the present authors at dissolving
slabs with visible scolecodonts yielded residues with only
poorly preserved, usually fragmentary, specimens of little
taxonomic value. Therefore, different lithologies and
stratigraphical intervals were chosen for this study.

The lower diversity recorded from shale levels in the
Prague Basin compared to most of the limestone digested
in this study (see below) most likely result from differences
in environmental, depositional and/or taphonomical fac-
tors, however, the precise interrelationship of which re-
mains to be addressed more closely in the future.

The polychaete fauna
of the Kopanina Formation

The new collection comes mainly from the N. kozlowskii
and P. latilobus-S. balticus graptolite biozones. Unlike the
previous shale samples of Zebera and Snajdr, we have fo-
cused on limestones in order to recover more three-
dimensionally preserved specimens. Altogether the stu-
died collection contains several thousand scolecodonts,
including approximately 1100 first and second maxillae.
In addition, eight fused jaws and/or semi-articulated tiny
maxillary apparatuses (some possibly juveniles) were
recovered. Twenty-five different species were identi-
fied, not including several unknown jaws that at the pre-
sent time cannot be reconstructed into apparatuses due to
their insufficient number and/or poor preservation. This
particularly concerns forms with placognath type appa-
ratuses. The apparatus reconstructions of placognaths
are often complicated since different taxa may have cer-
tain elements in the apparatus that are virtually indistin-
guishable. Thus, the actual number of species is estima-
ted to exceed 25.
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Figure 2. Distribution of scolecodonts in the Kosov and Li$¢i quarries. ¢ A — the Kosov Quarry section; the lithological column, including bed numbers
(B2, etc.), follows Lehnert et al. (2007). Arrow pointing to the Kozlowskii event and beginning of the 5'3C excursion. * B — the Lis¢i Quarry section.

The yield reaches approximately 800 posterior maxil-
lae per kg of rock in the richest sample (PT7), and ranges
from 10 to 400 per kg in other productive samples. These
are similar or slightly lower numbers than generally re-
ported from the Silurian of Baltica (e.g., Eriksson et al.
2004, Hints et al. 2006).

The fauna is dominated by polychaetaspids and pauli-
nitids, followed by mochtyellids and xanioprionids. Ram-
phoprionids are less common, and only rare specimens

of tetraprionids, kalloprionids, symmetroprionids and
tretoprionids have been found. The polychaete fauna of
both quarries is, with few exceptions, closely similar. In
the Kosov Quarry the diversity is slightly higher and in-
cludes representatives of Kalloprion Kielan-Jaworowska,
1962, Leptoprion Kielan-Jaworowska, 1966, Rakvere-
prion Mierzejewski, 1978 and Symmetroprion Kielan-

Jaworowska, 1966 that were not recorded in the LiSc¢i
Quarry. This could, however, be attributed also to the



greater stratigraphical extent of sampled strata (and more
samples) in the former section. The uppermost part of the
Kosov Quarry section is composed of gravity flow sedi-
ments that yielded only fragmentary scolecodonts, of
which only Kettnerites Zebera, 1935 and Oenonites
Hinde, 1879 could be identified. The preservation in gen-
eral is better in LiS¢i Quarry due to lithologies and/or
post-depositional conditions that apparently did not cause
flattening and deformation of the specimens. Similarly,
conodonts including both platform and coniform forms
are better preserved and more abundant in Li$¢i Quarry.
The distribution of taxa is shown in Fig. 2 and selected
characteristic forms are illustrated in Figs 3—6. Individual
taxa are discussed further below.

The Kozlowskii/Lau event and its influence
on the polychaete faunas

The Ludfordian (late Silurian) environmental and biologi-
cal crisis known as Lau and/or Kozlowskii event (for Lau
and Kozlowskii event correlation problems, see Manda et
al. 2012 and references therein) has received increasing at-
tention since the introduction of the Lau event by Jeppsson
(1993) and Kozlowskii event by Urbanek (1993). This is
not surprising considering that the event is associated with
the largest positive carbon isotope excursion of the Phane-
rozoic (Lehnert ef al. 2003, Munnecke et al. 2003), drama-
tic faunal turnovers (see summary in Jeppsson & Aldridge
2000, Calner 2008) and a collapse of the marine ecosystem
(Calner 2005). Profound biotic changes have been recor-
ded, e.g., among conodonts (Jeppsson & Aldridge 2000),
acritarchs (Stricanne et al. 2006), graptolites (Urbanek
1993, Storch 1995, Melchin ef al. 1998, Manda et al.
2012), cephalopods (Manda 2008) and fish (Eriksson et al.
2009). Barrick et al. (2010, p. 32), on the other hand, recor-
ded “normal ecological adjustments to environmental
changes” rather than major extinctions and ecosystem col-
lapse, although, as noted by those authors, based on limited
faunal data. Similarly Slavik et al. (2010) recorded mode-
rate changes in the conodont fauna of the Prague Basin, in-
comparable to those changes recorded in Gotland, Sweden,
or Australia. According to Manda & K{iz (2006) also pela-
gic orthocerids and the nektonic Ceratiocaris passed unaf-
fected through the critical interval.

Jeppsson & Aldridge (2000, p. 1144), referring to Berg-
man (1989), were the first ones to interpret changes in
polychaete faunas as a response to Lau event. Bergman
(1989) recorded gradual faunal changes in the Hemse-Eke
interval on Gotland. Later, Eriksson et al. (2004) con-
cluded that approximately one-third of the polychaete taxa
on Gotland went extinct during the event and also reported
some lineages with Lazarus gaps. Eriksson & Frisk (2011)
noted that the environmental changes linked to the Lau

event did not seem to have affected polychaetes as pro-
foundly as planktic and nektic organisms such as grap-
tolites, fish and conodonts.

In this study only the Kosov Quarry section records the
event interval (Fig. 2, Manda et al. 2012). With the be-
ginning of the carbon isotope excursion (based on §'"°C
data of Lehnert er al. 2007) the number of polychaete gen-
era decreases from 15 to 4, and only Kettnerites spp.,
Oenonites spp. and Vistulella kozlowskii Kielan-Jaworow-
ska, 1961 were recorded in the beds above the LAD of
N. kozlowskii in bed No. 15. In overlying strata only Ket-
tnerites spp. and Oenonites spp. occur (Fig. 2A), which in-
dicates a dramatic decrease in polychaete diversity across
the event. However, it should be kept in mind that the stud-
ied succession is stratigraphically restricted and only a lim-
ited number of samples represent post-event strata (includ-
ing the graptolite recovery interval of the Kozlowskii event
sensu Manda et al. 2012). Moreover, those latter few sam-
ples come from gravity flow deposits (turbidites or
tempestites according to Lehnert ef al. 2007), where only
fragmentary scolecodonts (Kettnerites spp. and Oenonites
spp.) were found. Thus, it cannot be excluded that the lack
or rarity of scolecodonts in these beds represents a
taphonomical bias.

Nonetheless, K. kosoviensis re-appears at least in the
shale above this interval, indicating an uninterrupted range
through the entire succession, or a reintroduction once en-
vironmental conditions stabilized. In addition, some spe-
cies (e.g., Protarabellites rectangularis Eriksson, 2001,
Kettnerites sisyphi Bergman, 1989, various species of
Oenonites) have been reported from stratigraphically
younger beds elsewhere (Hints 1998, Eriksson 2001),
showing that they did not become extinct. On the other
hand, Pistoprion Kielan-Jaworowska, 1966, which is very
common in pre-event strata, has not been reported from the
latest Silurian or Devonian (except for a questionable iden-
tification by Jansonius & Craig 1972). Although our data
suggest a faunal reorganisation, it is obvious that detailed,
high resolution studies, preferably also from different re-
gions, are needed in order to resolve precisely how the
Kozlowskii/Lau event affected polychaetes.

Palaeobiogeographical significance

Several new reports on Silurian scolecodonts have been
published over the last few decades: for an overview, see
Eriksson et al. (2004). More recently, Hints & Eriksson
(2007a, b) and Eriksson et al. (in press) discussed the bio-
geographical patterns of Silurian (and Ordovician) poly-
chaete genera, stressing a strong sampling bias: the majo-
rity of the material comes from Baltica, especially Sweden
and Estonia, as well as from erratic boulders found in Po-
land. Some data derive also from Avalonia and Laurentia,
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whereas the Gondwanan realm is scarcely studied. There-
fore the collection from the Prague Basin described herein,
representing a part of the peri-Gondwanan microcontinent
Perunica (Havlicek et al. 1994), is important for understan-
ding the global biogeographical patterns of polychaetes du-
ring the Silurian.

The previously known Silurian polychaete assem-
blages (Eriksson er al. 2004; Hints & Eriksson 2007a, b;
Eriksson ef al. in press) are generally similar to those of
the Late Ordovician. They are commonly dominated by
polychaetaspids, paulinitids and mochtyellids (e.g.,
Oenonites; Kettnerites; Mochtyella Kielan-Jaworowska,
1961; Pistoprion; Vistulella Kielan-Jaworowska, 1961),
whereas ramphoprionids, atraktoprionids, kalloprionids,
symmetroprionids and others may also be present, albeit
generally considerably less abundantly. Some genera, for
instance Symmetroprion, Skalenoprion Kielan-Jaworow-
ska, 1966, Langeites Kielan-Jaworowska, 1966 and Lan-
ceolatites Bergman, 1987 occur primarily in the Silurian,
and only a few taxa typical of the Ordovician, such as
polychaeturids in the Baltic faunas, are rare or missing in
the Silurian. Previous reports on the palacobiogeography
of polychaetes have shown that they, like most other
groups of fossils (e.g. Armstrong & Owen 2002), display a
decrease in endemism from the Ordovician to the Silurian
(Hints & Eriksson 2007a, b; Eriksson et al. in press).

The late Silurian Prague Basin fauna is characterized by
an overall dominance of paulinitids, polychaetaspids and
mochtyellids, which is consistent with the most abundant
and diverse families in Baltica (Eriksson er al. 2004,
Eriksson 2006). It is noteworthy that none of the genera
identified appears to be endemic to the Prague Basin. How-
ever, several taxa that are common elsewhere, particularly in
Baltica, were not recorded in the studied collection. For in-
stance, paulinitids are represented only by Kettnerites,
whereas additional genera are reported from approximately
coeval strata from other regions (Bergman 1989, Eriksson et
al. 2004). Similarly, Kozlowskiprion Kielan-Jaworowska,
1966 and other polychaetaspid genera (except for Oeno-
nites) known from Gotland (Eriksson 1997, 1998) have not
been recorded in the Prague Basin thus far. A particular fea-
ture of the present collections is also the scarcity of atrakto-
prionids and skalenoprionids, both of which are sometimes
abundant in the Baltic region (e.g., Eriksson 2006; note,
however, that a few atraktoprionid jaws were recorded in
Snajdr’s bedding plane collections). The relatively lower di-
versity, compared to Baltic faunas, can probably be attrib-
uted to the limited size and restricted stratigraphical and en-
vironmental range of the Bohemian collections. Additional
genera, also in common with other regions, will most likely
be recorded when more material becomes available.

Notwithstanding this, the present collection represents
the most diverse Silurian polychaete fauna from Gond-
wana/peri-Gondwana and several families (and genera) are

identified from this area for the first time. These include
symmetroprionids, tetraprionids, tretoprionids and ram-
phoprionids. Eriksson (2002) noted that ramphoprionids
were not recorded from Gondwana and peripheral areas
and that their known occurrences indicated that they were
confined to near equatorial latitudes during the Silurian.
The new Prague Basin findings of Protarabellites Stauffer,
1933 and Ramphoprion Kielan-Jaworowska, 1962 extend
the distribution of ramphoprionids and reveal additional
faunal similarities with Baltica.

Similarities of the Bohemian faunas with those known
from Baltica, Laurentia and Siberia are noted also at the spe-
cies level. Findings of Pistoprion sp. A, Vistulella koz-
lowskii, Symmetroprion spatiosus (Hinde, 1882), Ram-
phoprion cf. gotlandensis Eriksson, 2001, Protarabellites
cf. rectangularis Eriksson, 2001 and Kettnerites cf. sisyphi
suggest a wide, possibly cosmopolitan, distribution of these
species in the late Silurian. Other species recorded previ-
ously from the Baltic region only (e.g., Tretoprion astae
Hints, 1999) appear now to have had a wider distribution.

In most palacogeographical reconstructions there is an
agreement that Baltica and Laurentia (Laurussia) were lo-
cated close to the palacoequator during the late Silurian and
represented by tropical to subtropical environments (e.g.
Torsvik et al. 1992, Cocks & Torsvik 2002). The position
of Perunica is less well constrained, but according to Tait ef
al. (1997), Cocks & Torsvik (2002) and Fatka & Mergl
(2009) it was situated in more temperate climates in the
peri-Gondwanan area at ca 30° S. Havlicek (1999) argued,
based on benthic faunas (brachiopods, trilobites and other
fossils), that Perunica was much closer to Baltica than any
other region of Gondwana, specifying its position to the
northeastern corner of peri-Gondwana. A similar palaeo-
geographic scenario is suggested from the faunal distribu-
tion of nautiloid cephalopods (Stridsberg 1985; Stridsberg
& Turek 1997; Manda 2007, 2008; Turek & Manda 2011)
and particularly shallow water bivalves (Kfiz 1999, 2008).
This study also supports close faunal links between Peru-
nica and Baltica and, at least for jawed polychaetes, there
seem to have been few climatic or other palaeo-
biogeographical barriers between these palaeocontinents.
Moreover, the new Bohemian collection corroborates the
idea of most polychaete genera and many species being
geographically wide spread during the Silurian (Hints &
Eriksson 2007a, b; Eriksson ef al. in press).

Systematic palaeontology

Phylum Annelida Lamarck, 1809

Class Polychaeta Grube, 1850

Order Eunicida Dales, 1963

Superfamily Eunicea Grube, 1852

Family Mochtyellidae Kielan-Jaworowska, 1966



Genus Mochtyella Kielan-Jaworowska, 1961

Type species. — Mochtyella cristata Kielan-Jaworowska,
1961.

“Mochtyella” pragensis sp. nov.
Figure 3A-S

Holotype. —Right MI (Fig. 3C, D), from sample PT23, spe-
cimen number PT27.1, Li$¢i Quarry.

Type horizon and locality. — Lis¢i Quarry, Prague Basin,
Kopanina Formation, Ludfordian (upper Silurian).

Material. — 12 right MI, 13 left MI.

Etymology. — The specific name refers to the Prague Basin,
the location of the species.

Diagnosis. — “Mochtyella” pragensis is tentatively as-
signed to Mochtyella but differs from the typical species
of the genus by its characteristically fragile maxillae,
which are similar to those of M. fragilis and M. grazy-
nae. It differs from M. fragilis in having longer, more
prominent and more anteriorly placed second ridge in
right M1, and posteriorly protruding laecobasal ridge in
left MI. “M.” pragensis differs from M. grazynae also in
having anteriorly curved main ridges instead of straight
ones.

Description. — Both first maxillae are compound jaws of
approximately the same length. Except for the black or
dark brown denticulated ridges the jaws are almost translu-
cent, composed of yellowish-brown thin membrane.
Right MI is longitudinally elongated and provided
with three denticulated ridges, with a typically cordate
anterior part. The length is 280-410 um, the width
110-150 pm (0.3-0.5 of jaw length). In dorsal view the

anterior part of the main ridge is almost right-angled. It
is composed of 15 to 18 denticles, gradually decreasing
in size posteriorly. The second ridge encompasses the
left anterior part of the main ridge, forming a semi-arch,
ending almost in the middle of the jaw. Its length is
80-220 pm (0.4-0.6 of jaw length). The denticulated
basal ridge is situated on the right side of the main ridge
but is quite commonly broken off. It is straight, parallel
with the posterior part of the main ridge. Its length is
80—115 pm (0.3 of jaw length). In ventral view there is a
gaping pulp cavity with three ridges that are distinctly
separated.

Left MI is longitudinally elongated with two denti-
culated ridges, sometimes accompanied by a secondary
ridge. The overall shape is suboval, in the anterior part al-
most rectangular. The length is 285-450 um, the width
110-225 pm (0.3-0.5 of jaw length). The main ridge is
composed of 14 to 17 denticles, decreasing in size posteri-
orly. In dorsal view the main ridge is in the anterior part al-
most right-angled. The laeobasal ridge is attached to the
left side of the main ridge. It is straight, parallel to the pos-
terior part of the main ridge, filling the space delimited by
the flexure, and ending a little beyond the main ridge. The
length of the lacobasal ridge is 154-290 pm (0.4-0.6 of
jaw length). The length of the second ridge, if present, is
123-154 um (0.35-0.4 of jaw length). In ventral view there
is a gaping pulp cavity, noticeably subdivided into two
parts (main and laeobasal ridge).

Remarks. — This species belongs to the same group of taxa
as M. fragilis Szaniawski, 1970 and M. grazynae Mierze-
jewski, 1978. The outline of their jaws, characteristic laco-
basal ridges, and the “fragile” form of the jaws differ from
those of typical Mochtyella (including the type species
M. cristata and also M. polonica), suggesting that they may
represent a separate mochtyellid genus. Since the latter still
awaits formal description, we assign the new species to
“Mochtyella”.

Figure 3. Light microscopy images of selected scolecodonts showing the colours and thin membranes, to be compared with SEM micrographs. All
specimens are in dorsal view, except possibly Z, AB, AD and AE, that may be in lateral view. Scale bars correspond to 100 um. * A-S — “Mochtyella”
pragensis n. sp. A, B —right MI No. PT27.2 from sample PT23, Li§¢i Quarry. C, D —right MI No. PT27.1 (holotype) from sample PT23, Li$¢i Q. E —right
MI No. PT23E.1 from sample PT23, Lis¢i Q. F—right MI No. PT22H.1 from sample PT22, Li§¢i Q. G, H — same specimen, left MI No. PT27.3 from sam-
ple PT22, Lis¢i Q. I, J — left MI with broken laeobasal ridge (=Ib ridge) No. PT27.4 from sample PT22, Lis¢i Q. K —left MI No. PT27.5 from sample PT22,
Lis¢i Q. L —left MI with broken 1b ridge No. PT27.6 from sample PT22, Lis¢i Q. M — left MI No. PT26D.1 from sample PT26, Lis¢i Q. N — left MI with
broken Ib ridge No. PT27.7 from sample PT22, Li§¢i Q. O — right MI No. PT24D.1 from sample PT24, Lis¢i Q. P —right MI No. PT25G.1 from sample
PT25, Lisci Q. Q —left MI No. PT25G.2 from sample PT25, Lis¢i Q. R — left MI with broken 1b ridge No. PT24D.2 from sample PT24, Lis¢i Q. S — left MI
No. PT22F.1 from sample PT22, Li§¢i Q. » T, U — Mochtyella sp. ex gr. fragilis Szaniawski, 1970. T — left MI No. PT25G.5 from sample PT25, Lis¢i Q.
U —left MI No. PT24D.3 from sample PT24, Lis¢i Q.  V — Mochtyella sp. ex gr. trapezoidea Kielan-Jaworowska, 1966, left MI No. PT22F.2 from sam-
ple PT22, Lis¢i Q. * W, X — Vistulella kozlowskii Kielan-Jaworowska, 1961. W — broken piece No. PT22F.3 from sample PT22, Lis¢i Q. X — part of an ap-
paratus No. PT25G.3 from sample PT25, Li§¢i Q. » Y — carriers of a polychaetaspid No. PT26A.1 from sample PT26, Lis¢i Q. ¢ Z — Lunoprionella
symmetrica Eisenack, 1975, No. PT24D.4 from sample PT24, Lis¢i Q. « AA — Leptoprion? sp., right MI No. PT10B.1 from sample PT10, Kosov Q.
* AB — Rakvereprion sp. A?, basal plate No. PT25G.4 from sample PT25, Lis¢i Q. « AC — Tretoprion astae Hints, 1999, right MI No. PT5D.1 from sample
PTS5, Kosov Q. ¢ AD, AE — Lunoprionella symmetrica Eisenack, 1975. AD — No. PT26D.2 from sample PT26, Lis¢i Q. AE — No. PT25G.6 from sample
PT25, Lisc¢i Q.
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“Mochtyella” pragensis is most similar to “Mochtyella”
sp. D of Hints et al. (2006, pl. 2:3) from the uppermost
Llandovery of Estonia. It differs from the latter in having a
longer second ridge and laecobasal ridge. Eller (1963, p. 175,
pl. 1, figs 15-17) described a similar form from the Devon-
ian Dundee limestone of the Sibley and Dundee quarries
(Michigan) under the name Starocephalites ejectus. It pos-
sesses a similar second ridge but the lacobasal ridge seems to
be broken. There are some additional species of Eller as-
signed to Staurocephalites Hinde, 1879, that are quite simi-
lar to “M.” pragensis but type collection studies are neces-
sary for more detailed assessments.

Occurrence. — Lis¢i and Kosov quarries, late Ludfordian,
Silurian.

Annotated list of taxa

In the following list, selected characteristic taxa are bri-
efly discussed. Some specimens could be determined only
to genus level or higher, because of their poor preserva-
tion.

Family Mochtyellidae Kielan-Jaworowska, 1966

Discussion. — Mochtyellids generally are abundant in Si-
lurian strata (Eriksson et al. 2004). In the Prague Basin
Pistoprion Kielan-Jaworowska, 1966 dominates, but
Vistulella Kielan-Jaworowska, 1961 is also relatively
common. The genus Mochtyella sensu lato is represen-
ted mainly by specimens of the M. fragilis group; only a
few specimens of M. polonica group and questionable
specimens of M. trapezoidea group are present. The
identification of mochtyellids has, to some extent, been
hampered by preservation. Thus many fragmented spe-
cimens were classified merely as Placognatha indet.
(Figs 2,4V, Y).

Genus Mochtyella Kielan-Jaworowska, 1961

Mochtyella sp. ex gr. fragilis Szaniawski, 1970 (Figs 3T,
U, 4E) occurs in several samples from both sections stud-
ied, and sometimes together with “M.” pragensis (see
above). It has a thin and translucent jaw wall, darker large
denticles on the main ridges of both MI, and a long lacoba-
sal ridge. It is most similar to M. fragilis, but differs in lac-
king the second ridge on the right MI. Both this species and
M. fragilis differ considerably from the type species of
Mochtyella and therefore the present generic assignment is
tentative. Mierzejewski (1978, p. 275) argued that mochty-
ellids possessing no second ridge cannot be assigned to
Mochtyella. Here, however, we consider that the pre-
sence/absence of secondary ridge may be a species rather
than genus level character within some groups of taxa.

Mochtyella sp. ex gr. polonica Kielan-Jaworowska,
1966 (Fig. 4C). This species or group of species is quite
rare but some specimens might have been missed because
of their poor preservation.

“Mochtyella pragensis sp. nov. (Fig. 3A-S) occurs in
both the Lisc¢i and Kosov quarries. See the systematic des-
cription and further discussion above.

Mochtyella sp. ex gr. trapezoidea Kielan-Jaworowska,
1966 (Figs 3V, 4B). Only a few questionable specimens are
present in samples PT3, PT7 and PT22. Even though speci-
mens are recorded from both the Kosov and Lis¢i quarries,
more precise determination is not possible due to their pre-
servation.

Genus Pistoprion Kielan-Jaworowska, 1966

Pistoprion sp. A (Fig. 4K, L, N-R, U) is the most common
taxon after Kettnerites and Oenonites in both sections

Figure 4. SEM micrographs of selected mochtyellids and xanioprionids. All specimens are in dorsal view, except M, V to X in lateral(?) view. Scale bars
correspond to 100 pm, the first one for figures A to O and the second for P to Z. Two scale bars are used because of the big difference in size of the specimens.
* A — Mochtyella sp., part of an apparatus No. PT26H.3 from sample PT26, Lis¢i Quarry. * B — Mochtyella sp. ex gr. trapezoidea Kielan-Jaworowska, 1966,
left MI No. PT27.10 from sample PT22, Li§¢i Q. « C — Mochtyella sp. ex gr. polonica Kielan-Jaworowska, 1966, left MI No. PT27.11 from sample PT22,
Lis¢i Q. » D — Vistulella kozlowskii Kielan-Jaworowska, 1961, incomplete left MI No. PT26H.2 from sample PT26, Lis¢i Q. « E — Mochtyella sp. ex gr.
fragilis Szaniawski, 1970, incomplete left MI No. PT20A.2 from sample PT20, Lis¢i Q. ¢ F — Tetraprion sp. sensu Szaniawski, 19707, MII? No. PT27.13
from sample PT23, Lis¢i Q. * G — Xanioprion aff. borealis, right MII No. PT27.14 from sample PT23, Lis¢i Q. « H, I — mochtyellids. H — right jaw No.
PT9A.5 from sample PT9, Kosov Q. I —left MI No. PT1A .4 from sample PT1, Kosov Q. ¢ J — Vistulella kozlowskii Kielan-Jaworowska, 1961, left MI No.
PT22H.3 from sample PT22, Lis¢i Q. ¢ K, L — Pistoprion sp. A. K —right MI No. PT27.15 from sample PT23, Lis¢i Q. L — left and right MI, right MII from
the same apparatus Nos. PT11C.2—4 from sample PT11, Kosov Q. * M — Lunoprionella symmetrica Eisenack, 1975, No. PTSA.5 from sample PTS5, Kosov Q.
* N-R — Pistoprion sp. A. N — left MI No. PT27.12 from sample PT26, Lis¢i Q. O —right MI No. PT11A.6 from sample PT11, Kosov Q. P — left MI No.
PT11A.7 from sample PT11, Kosov Q. Q —right MI No. PT11B.2 from sample PT11, Kosov Q. R — left MI No. PT11A.8 from sample PT11, Kosov Q.
* S — Xanioprion sp. A, left MII No. PTSC.7 from sample PTS, Kosov Q. * T — Xanioprion? sp. A, left MI No. PT26G.2 from sample PT26, Lis¢i Q.
e U — Pistoprion sp. A, left MI No. PT9A.4 from sample PT9, Kosov Q. ¢ V — Placognatha indet., No. PT22G.9 from sample PT22, Lis¢i Q.
* W, X — Rakvereprion sp. A. W — flattened MI, No. PTSC.8 from sample PT5, Kosov Q. X — flattened MI No. PT5A.4 from sample PT5, Kosov Q.
* Y — Placognatha indet., left jaw No. PT9B.4 from sample PT9, Kosov Q. * Z — Xanioprion sp., left MI No. PT7A.7 from sample PT7, Kosov Q.
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studied. Despite having an informal name here, this species
is well known from several other Silurian regions around
the world, including Gotland (Bergman 1979), Estonia
(Hints et al. 2006, Rubel et al. 2007), Siberia (Minnil &
Zaslavskaya 1985), and Arctic Canada (Hints et al. 2000).
The latter authors have used the historical name Eunicites
serrula Hinde, 1880 or Pistoprion serrula. However, in-
spection of Hinde’s type material (by MEE and PT) sug-
gests that this may be a misidentification (cf. Eriksson et al.
2004). Therefore open nomenclature is used here with the
aim to describe the species formally based on better preser-
ved material than what is currently available from the Pra-
gue Basin. The stratigraphical range of Pistoprion sp. A
seems to be rather extensive, spanning from at least the up-
per Llandovery to the Ludlow.

Pistoprion is regarded as being indicative of relatively
shallow water facies, typical for nearshore environments
and not occurring in the central part of palacobasins (Hints
2000, Rubel et al. 2007). Its presence thus seems to support
the interpretation of a relative sea-level fall in the studied
stratigraphical interval (Lehnert et al. 2003, 2007).

Genus Rakvereprion Mierzejewski, 1978

Rakvereprion sp. A (Figs 3AB, 4W, X) has been recorded
from the middle part of the sampled interval at Kosov Quarry.
Rakvereprion Mierzejewski, 1978 possesses simple, sym-
metrical posterior maxillae and long basal and lacobasal
plates that have secondarily denticulated ridges. Compared
to the Upper Ordovician Rakvereprion balticus (Eisenack,
1975), the MI of the Kosov Quarry specimens are larger
and their outline in lateral view is subrectangular rather
than subtriangular. These differences may reflect evolutio-
nary changes within the genus from the Late Ordovician to
the Ludfordian. Previous Silurian occurrences of Rakve-
reprion are rare and limited to a few specimens recovered
from the Llandovery/Wenlock boundary beds of Estonia
(OH, unpublished data).

Several authors (Mierzejewski 1978; Hints 2000, 2001;
Eriksson & Frisk 2011) have noted that the Late Ordovician
Rakvereprion is a stenotopic genus preferring deeper shelf
settings. Thus the findings of Rakvereprion from the lower
part of the Kosov Quarry section may reflect slightly different
environmental settings than those in the upper part and of the
Lis¢i Quarry section. This agrees with previous interpreta-
tions of an upwards shallowing environment (Horny 1955).

Genus Vistulella Kielan-Jaworowska, 1961

Vistulella kozlowskii Kielan-Jaworowska, 1961 (Figs 3W,
X, 4D, J) is arather common taxon in the collections studied.
The left MI of Vistulella may be difficult to identify since si-
milar elements are found also in other placognath taxa. Mo-
reover, the right M1, especially if poorly preserved, are simi-
lar to those of Pistoprion. Therefore, some occurrences of
Vistulella may have been overlooked (and placed within the
Placognatha indet. category). Based on published records,
the stratigraphical range of V. kozlowskii is one of the lon-
gest among Early Palaeozoic jawed polychaetes, extending
from the Darriwilian (Hints & Eriksson 2007a) to the Lud-
low (the present collection). It cannot be excluded that this
species name actually holds more than one species. How-
ever, at present a finer subdivision of individual species
seems impossible. Geographically, Silurian Vistulella has
been reported from Estonia (Hints er al. 2006), Gotland
(MEE, unpublished data), Arctic Canada (Hints ez al. 2000)
and Severnaya Zemlya (Minnil & Zaslavskaya 1985). Ad-
ding the herein reported occurrence from Perunica, it can be
seen that Vistulella was widely distributed in the Silurian.

Family Xanioprionidae Kielan-Jaworowska, 1966
Discussion. — Xanioprionids are common throughout both

sections studied, below the Kozlowskii event. Unfortu-
nately the specimens are quite often fragmented which

Figure 5. SEM micrographs of selected polychaetaspids, ramphoprionids and ?polychaeturids, all specimens are in dorsal view. Scale bar corresponds
to 100 um except for Fig. R and AC where it corresponds to 200 pm. * A-G — Protarabellites cf. rectangularis Eriksson, 2001. A — left MI No. PT11A.3
from sample PT11, Kosov Quarry. B —right MI No. PT5C.2 from sample PT5, Kosov Q. C —right MI No. PT27.9 from sample PT9, Kosov Q. D —right
MI No. PT5A.2 from sample PT5, Kosov Q. E — right MI No. PT7A.5 from sample PT7, Kosov Q. F — left MI No. PT9A.3 from sample PT9, Kosov Q.
G —right MI No. PT25A.2 from sample PT25, Lis¢i Q.  H— Oenonites sp., left MI No. PT11A.5 from sample PT11, Kosov Q. « I-M — Oenonites cf. olavi
Eriksson, 1997. I —left MI No. PT25A.3 from sample PT25, Lis¢i Q. J —left MI No. PT25A.4 from sample PT25, Lis¢i Q. K — left MI No. PT1A.3 from
sample PT1, Kosov Q. L —right MI No. PT1A.2 from sample PT1, Kosov Q. M —right MI No. PT5C.6 from sample PT5, Kosov Q. * N-P — Oenonites cf.
Jjennyensis Eriksson, 1997. N — right MI No. PT5C.5 from sample PT5, Kosov Q. O —right MI No. PT5C.4 from sample PTS5, Kosov Q. P — left MI No.
PT5C.3 from sample PTS, Kosov Q. * Q—V — Oenonites sp. Q —left MI No. PT13A.2 from sample PT13, Kosov Q. R — part of the apparatus No. PT9B.3
from sample PT9, Kosov Q. S — left MI No. PT9B.2 from sample PT9, Kosov Q. T —left MI No. PT26G.1 from sample PT26, Lis¢i Q. U —right MI No.
PT7A.6 from sample PT7, Kosov Q. V —right MI No. PT5A.3 from sample PT5, Kosov Q. ¢ W, X — Oenonites cf. gadomskae Kielan-Jaworowska, 1966.
W —left MI No. PT26H.1 from sample PT26, Lis¢i Q. X — right MI No. PT23E.2 from sample PT23, Li$¢i Q. * Y-AB — Oenonites sp. Y — right MI No.
PT22G.8 from sample PT22, Lis¢i Q. Z — left MI No. PT11C.1 from sample PT11, Kosov Q. AA —right MI No. PT11A .4 from sample PT11, Kosov Q.
AB —right MI No. PT9A .2 from sample PT9, Kosov Q. * AC — Oenonites sp., left MI, No. PT23E.3 from sample PT23, Lis¢i Q. ¢ AD — Pteropelta? sp.,
right MI No. PT9B.1 from sample PT9, Kosov Q.
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complicates proper determination and may distort their ac-
tual representation in the sections.

Genus Xanioprion Kielan-Jaworowska, 1962

Xanioprion aff. borealis Kielan-Jaworowska, 1962
(Fig. 4G). The second maxillae were found in both sections
and are closely similar to those of X. borealis but additional
elements are needed for unambiguous identification. Xani-
oprion borealis was originally described from Ordovician
boulders from Poland (Kielan-Jaworowska 1962) and later
the stratigraphical range was extended into the Wenlock
(Eriksson et al. 2004). This taxon may be conspecific with
Lumbriconereites falciformis Hinde, 1882, described from
Gotland, Sweden.

Xanioprion sp. A. (Fig. 4S, T) is recorded throughout both
sections. This species differs from X. aff. borealis in hav-
ing wider outer face and concave posterior margins in MII
and longer MI, developed as clearly discrete jaws. It resem-
bles Xanioprion sp. B sensu Hints (2000) reported from the
Darriwilian to Wenlock (Eriksson & Hints 2009).

Family Tetraprionidae Kielan-Jaworowska, 1966
Genus Tetraprion Kielan-Jaworowska, 1966

?Tetraprion sp. sensu Szaniawski, 1970 (Fig. 4F). A sin-
gle maxilla was found in sample PT23. Its identification is
based on close similarity to forms discussed by Szaniawski
(1970), Hints (2000), Hints & Eriksson (2007a, figs 3G, H, P)
and Rubel et al. (2007, fig. 6) from the Upper Ordovician to
Wenlock of the Baltic region and North America. From the
latter regions abundant isolated jaws and several fused ap-
paratuses of the same genus have been recovered. The as-
signment to Tetraprion is, however, tentative; more likely
it represents a new tetraprionid genus.

Family Symmetroprionidae Kielan-Jaworowska, 1966
Genus Symmetroprion Kielan-Jaworowska, 1966

Symmetroprion spatiosus (Hinde, 1882) (Fig. 6M). A sin-
gle characteristic right MI was found in sample PT5 from
Kosov Quarry. Symmetroprion is common in the Wenlock
to late Ludlow reef-related environments on Gotland (Berg-
man 1995) and is known also to occur in shallow-water en-
vironments of Estonia (Rubel ef al. 2007) and Arctic Ca-
nada (Hints 2000). Recently, Hints & Eriksson (2007a)
found the oldest members of the genus from the middle
Upper Ordovician of the USA.

Family Polychaetaspidae Kielan-Jaworowska, 1966
Genus Oenonites Hinde, 1879

Discussion. — Oenonites is represented by at least five dif-
ferent species and accounts for more than one third of the
scolecodonts in the collection. However, distinguishing in-
dividual species has in several samples been difficult (due
to inadequate preservation) and thus they are grouped as
Oenonites spp. in the distribution charts (Fig. 2). Three,
more distinctive, species are listed below.

Oenonites aff. olavi Eriksson, 1997 (Fig. 5I-M) belongs
to the latus group sensu Kielan-Jaworowska. The Prague
specimens have more elongated posterior maxillae compa-
red to those of O. olavi from Gotland, and resemble also
those of Eriksson & Hints (2009, fig. 4M) and Hints (1998,
fig. 10R).

Oenonites aff. jennyensis Eriksson, 1997 (Fig. SN-P) has
been found in both quarries. This species has a distinct po-
sterior extension of the ridge in the left MI. Unlike in
O. jennyensis from Gotland, Sweden, the extension is pro-
ximally directed and not “forked” in the Prague specimens.

Figure 6. SEM micrographs of selected paulinitids, kalloprionids and symmetroprionids. All specimens are in dorsal view except H, in ventral view.
Scale bar refers to all figures, except for A to D that have separate scale bar. ¢ A, C, E-K — Kettnerites kosoviensis Zebera, 1935. A —left MI No. PT15A.1
from sample PT15, Kosov Quarry. C — right MII No. PT9A.1 from sample PT9, Kosov Q. E — right MI No. PT22G.10 from sample PT22, Lisc¢i Q.
F —right MI No. PT22G.7 from sample PT22, Lis¢i Q. G —right MI No. PT20A.1 from sample PT20, Lis¢i Q. H — right MI No. PT10A.1 from sample
PT10, Kosov Q. I —left MI No. PT11A.2 from sample PT11, Kosov Q. J — left MI No. PT11B.1 from sample PT11, Kosov Q. K — right MII No. PT22H.2
from sample PT22, Lis¢i Q. « B, D, Y-AC — Different morphotypes of Kettnerites; deformation or poor preservation hampered species determination.
B —right MII No. PT13A.1 from sample PT13, Kosov Q. D —right MI No. PT7A.4 from sample PT7, Kosov Q. Y —right MII No. PT1A.1 from sample
PT1, Kosov Q. Z — right MII No. PT22G.1 from sample PT22, Lis¢i Q. AA — right MII No. PT5A.1 from sample PT5, Kosov Q. AB — right MI No.
PT7A.2 from sample PT7, Kosov Q. AC — right MII No. PT7A.1 from sample PT7, Kosov Q. ¢ L — Leptoprion? sp., right MI No. PT5C.1from sample
PTS5, Kosov Q. * M — Symmetroprion spatiosus (Hinde, 1882), right MI No. PT5B.1 from sample PTS5, Kosov Q. e N-X — Kettnerites cf. sisyphi Bergman,
1987. N —left MI No. PT7A.3 from sample PT7, Kosov Q. O — left MI No. PT25A.1 from sample PT25, Lis¢i Q. P — left MI No. PT22G.6 from sample
PT22, Lis¢i Q. Q — right MI No. PT5A.6 from sample PTS, Kosov Q. R — right MI No. PT27.8 from sample PT24, Lis¢i Q. S — right MI No. PT22G.11
from sample PT22, Lis¢i Q. T —left MII No. PT11A.1 from sample PT11, Kosov Q. U —right MII No. PT22G.5 from sample PT22, Li§¢i Q. V —right MII
No. PT22G.4 from sample PT22, Lis¢i Q. W —right MII No. PT22G.3 from sample PT22 Lis¢i Q. X —left MII No. PT22G.2 from sample PT22, Lis¢i Q.
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Oenonites cf. gadomskae Kielan-Jaworowska, 1966
(Fig. 5W, X)) is virtually indistinguishable from the Ordo-
vician material illustrated by Kielan-Jaworowska (1966),
Hints (2000) and Hints & Eriksson (2007a).

Family Polychaeturidae Kielan-Jaworowska, 1966
Genus Pteropelta Eisenack, 1939

Pteropelta? sp. (Fig. SAD). The polychaeturid genus Pte-
ropelta is identified in the present collection on the basis
of one right MI found in sample PT9 from the Kosov
Quarry. The elongated jaw has a very long shank, narrow
ramus and missing bight. The dentary has 11 fairly large
denticles, of which the three following the fang are smal-
ler than the subsequent ones. In overall shape the speci-
men resembles the Late Ordovician morphotype of Ptero-
pelta gladiata (Eisenack, 1939), illustrated by Hints &
Eriksson (2010, figs 1P, Q), but it is considerably narro-
wer and has a differentiated dentary. It may be argued that
the morphological trend observed in the long-ranging
P. gladiata through the Ordovician by Hints & Eriksson
(2010) continued into the Silurian. Previously, polychae-
turids have only been recorded from the Ordovician and
lowermost Silurian and hence the present finding would
extend their range to the upper Silurian. However, since
the left MI are most diagnostic for polychaeturids, the
present identification must be considered as only tentative
and additional material is needed for an unambiguous as-
sessment.

Family Ramphoprionidae Kielan-Jaworowska, 1966
Genus Protarabellites Stauffer, 1933

Protarabellites cf. rectangularis Eriksson, 2001 (Fig. SA-G)
is present in both quarries and approximately 20 first
maxillae were recovered. The Prague specimens are, si-
milar to those reported from Skane, southernmost Swe-
den (Eriksson 2002), intermediate between P. rectangu-
laris Eriksson, 2001 and P. triangularis Eriksson, 2001.
As noted also by Eriksson (2001), these species can
be difficult to distinguish from each other, particularly
if the specimens are deformed or otherwise poorly pre-
served.

Genus Ramphoprion Kielan-Jaworowska, 1962
Ramphoprion cf. gotlandensis Eriksson, 2001. One poor-

ly preserved MI of this species was found in sample PT2
(specimen PT2A.1), the Kosov Quarry.
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Family Kalloprionidae Kielan-Jaworowska, 1966
Genus Kalloprion Kielan-Jaworowska, 1962

Kalloprion sp. is very rare in the collection studied; poorly
preserved first maxillae were recorded in two samples
(PT6, PT7) only.

Genus Leptoprion Kielan-Jaworowska, 1966

Leptoprion? sp. (Figs 3AA, 6L). Only one maxilla has
been found, in sample PT5; another fragmentary specimen
was found in sample PT10, both from the Kosov Quarry.
Morphologically this species is intermediate between Lep-
toprion and Atraktoprion Kielan-Jaworowska, 1962, hav-
ing a longer fang and larger denticles than those in typical
Leptoprion. Closely similar, probably conspecific, speci-
mens have been described from Arctic Canada (Hints et al.
2000) and are known from Gotland and Estonia (MEE and
OH, unpublished data). Arabellites spicatus described by
Hinde (1882, p. 18, pl. 2, fig. 47, sample No A2216) from
Gotland also seems to be closely related.

Family Paulinitidae Lange, 1947

Discussion. — Paulinitids occur abundantly but are represen-
ted only by Kettnerites Zebera, 1935. Specimens of Kettne-
rites are recorded in all but one of the scolecodont-yielding
samples. Based on the morphology of the second maxillae,
which according to Bergman (1989) are the most diagnostic
elements in paulinitids, at least two different species (listed
below) can be distinguished in the studied material. Repre-
sentatives of this genus also dominate on the bedding plane
surfaces of the Kopanina Formation shale intercalations as
confirmed by previous studies and the new sampling. Their
dominance could be artificially inflated because of their qu-
ite easy identification even on fragments and the relatively
resistant nature of, particularly, the first and second maxil-
lae. In the Baltic region and the Welsh Borderland of the Bri-
tish Isles contemporaneous strata commonly yield also Lan-
ceolatites Bergman, 1987 which is missing in the Prague
Basin. The distribution of Silurian paulinitids is discussed in
detail by Bergman (1987, 1989) who described more than 20
species from Gotland.

Genus Kettnerites Zebera, 1935

Kettnerites kosoviensis Zebera, 1935 sensu Snajdr 1951
(Fig. 6A, C, E-K) is distinguished especially by its
double-cusped right MII. This species has been recorded
with certainty only from the Prague Basin. Taugourdeau
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(1967) described K. kosoviensis from France and Taugour-
deau (1972) and Taugourdeau & Iliescu (1983) recorded
K. cf. kosoviensis from the Sahara and Romania, respecti-
vely. However, that material needs restudy.

Kettnerites cf. sisyphi Bergman, 1987 (Fig. 6N-X). The
right MII of this species has one small precuspidal denticle
and particularly resembles K. sisyphi Bergman, 1987 from
Gotland. Similar specimens are known also for example
from the Wenlock of the Canadian Arctic (Hints er al.
2000) and Estonia (Hints et al. 2006).

Kettnerites spp. (Fig. 6B, D, Y-AC). In addition to the
above mentioned Kettnerites species, other species are pre-
sent within the collection. However, due to imperfect preser-
vation and insufficient material for apparatus reconstructi-
ons, these cannot presently be identified to species level.

Family Tretoprionidae Hints, 1999
Genus Tretoprion Hints, 1999

Tretoprion astae Hints, 1999 (Fig. 3AC). A single right MI
of this enigmatic species was recorded in sample PTS from
the Kosov Quarry. It has a slender shank and ramus and
transversally extended denticles in the anterior part of the
dentary. This species was first described from the Upper Or-
dovician of Estonia (Hints 1999), but rare specimens have
subsequently also been found from the upper Llandovery
and lower Wenlock of the same area (Hints et al. 2006) and
from the Upper Ordovician of subsurface Gotland, Sweden
(Eriksson & Hints 2009). The Kosov Quarry specimen ex-
tends the stratigraphical range of the genus into the Ludlow,
and shows also its wide geographical distribution.

Family uncertain
Genus Lunoprionella Eisenack, 1975

Lunoprionella symmetrica Eisenack, 1975 (Figs 3Z, AD,
AE, 4M) is represented by approximately 20 specimens
from both quarries. The family affinity and apparatus ar-
rangement of this species are unknown. The stratigraphical
range of the genus is from the Middle Ordovician to the up-
per Silurian. For further discussion of Lunoprionella, see
Hints (1998).

Conclusions

1. The collection of scolecodonts from the Prague Basin
represents the most diverse Silurian jawed polychaete

fauna hitherto recorded from the peri-Gondwanan re-
gion.

2. The Ludfordian polychaete faunas described from the
Kosov and Lis¢i quarries include at least 16 genera, of
which Kettnerites, Oenonites and Pistoprion are most
common.

3. The faunal composition corresponds well with that of
coeval faunas, particularly from Baltica and, to some
extent, Avalonia, Laurentia and Siberia. The Prague
Basin material extends the palaeolatitudinal and palaeo-
biogeographical distribution of some genera (Protara-
bellites, Symmetroprion, Kalloprion and Tretoprion).
Collectively, this suggests a geographically widespread
nature of the Silurian polychaete faunas.

4. The abundance and relatively good preservation of the
scolecodonts recovered through acid digestion of
rocks, clearly show the limitations of the historical bed-
ding plane collections and suggest good potential for
future studies.

5. The Kozlowskii event reorganised the polychaete fauna
in the Prague Basin, although additional high-
resolution sampling is needed in order to accurately
evaluate the precise impact of the event.
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