Studium spor in situ je jednou z palynologickych metod,
které dopliuji ,.klasickou* palynologii disperznich
sporovych spolecenstev. Vzorky pro palynologické
studium spor a pylovych zrn in situ jsou odebirany

z reprodukcnich orgéanti rostlin, bud’ Sistic, fertilnich
vejift kapradin nebo z pylovych organt.

Hlavnim pfinosem autora je, ze studoval tisice nalezt
fertilnich ¢asti karbonskych rostlin systematicky a
intenzivné v mnoha sbirkach v Ceské republice, Evropé
(Némecko, Polsko, Francie, Velka Britanie, Nizozemi,
Rakousko), severni Americe (Kanada, USA) a Asii
(Cina).

Ditive prace o reprodukcnich organech paleozoickych
rostlin a jejich sporach a pylovych zrnech in situ byly
publikovany pouze paleobotaniky bez spoluprace
s palynology. Popisy spor a pylovych zrn in situ nebyly
soucasti diagnos reprodukcnich organi jejich matefskych
rostlin. Zejména zasluhou nékolikaletého intenzivniho
vyzkumu autora jsou dnes popisy in situ spor a pylovych
zrn nedilnou soucasti diagnos taxont paleozoickych
mateiskych fruktifikaci popft. celych rostlin, zndme-li
spojeni matetska rostlina-fruktifikace.

Na zakladé¢ nékolikaletého intenzivniho vyzkumu
autora je mozné rozlisit tfi hlavni vyznamy/vyuziti studia
paleozoickych spor in situ.

Prvni je vyuziti pro klasifikaci jak spor, tak jejich
mateiskych rostlin, véetné vlivu na diagnosy disperznich
sporovych taxonti a ur¢eni pfirozené variability spor.

Druhy je vyznam pro ekologické rekonstrukce
paleoprostiedi a interpretaci sloZeni vegetace a tfetim je
vyuziti transmisni elektronové mikroskopie (TEM), tzv.



ultrastrukturnich fezi exiny pro fylogenetické linie spor a
jejich matetskych rostlin.

Vliv na klasifikaci spor a jejich mateiskych rostlin
Piislu$nost spor k matefskym rostlinam.

Znalost o afinité spor je zakladem jakychkoli
interpretaci disperznich sporovych spolecenstev.

V nékolika ptipadech se podaftilo autorovi ziskat sporové
taxony in situ viibec poprvé na svéte, jako napf.
retikulatni spory typu Reticulatitriletes (Libertin, Bek a
Daskova 2005), mikrospory rodu Cadiospora, megaspory
druhu Sublagenicula levis (Oplustil, Bek a Drabkova
2009), miospory druhu Dictyotriletes muricatus (Bek a
Libertin 2010), miospory rodu Schopfites (PSenic¢ka a
Bek 2009), megaspory druhu Sublagenicula nuda (Feng,
Wang a Bek 2008), miospory druhu Vestispora laevigata
(Bek a Simfinek 2003) a miospory druhu Punctatisporites
obesus (Libertin, Bek a Drabkova 2008).

U bylinnych plavuni typu Selaginella se prokazal
vyskyt pouze dvou zakladnich typh mikrospor
(Cirratriradites saturni a C. annulatus), zatimco in situ
megaspory jsou mnohem variabilnéj$i a odpovidaji
nékolika druhtim rodu Triangulatisporites (Bek, Oplustil
a Drabkova 2001, Bek, Libertin a Drabkova 2009a).

Velky pokrok byl zaznamenén v palynologickém studiu
spor skupiny polostromovitych plavuni roda Polysporia,
Spencerites a Omphalophloios (Bek a Strakova 1995,
Bek a Oplustil 1998, Drabkova, Bek a Oplustil 2004,
Bek, Drabkova, Daskova, Libertin 2008, Bek, Chitaley a
Grauvogel-Stamm 2009, Bek, Drabkova a Libertin
2009b, Oplustil, Bek a Schultka 2010).




Zejména u rodu Polysporia se prokazalo, Ze in situ
mikro- a megaspory jsou zcela zasadni pro spravnou
klasifikaci matef'skych fruktifikaci. Sterilni ¢asti rodu
Polysporia se nachazeji velmi vzacné a téméft vSechny
nalezy jsou ve form¢ mikro-¢i/a megasporangii, ktera
jsou makroskopicky nerozliSitelna a pouze na zakladé
studia jejich in situ spor je mozné je spravné uréit (Bek,
Drabkova, Daskova a Libertin 2008).

Z sistic rodu Lepidostrobus a Flemingites, které patii
ke stromovitym plavunovitym rodim Lepidodendron a
Lepidophloios, se podafilo ziskat nékolik druht
mikrospor rodu Lycospora (Bek a Oplustil 1998, 2004,
2006; Oplustil a Bek 2009, Thomas, Bek a Oplustil
2009). Autor studoval mikrospory in situ rodu Lycospora
z osmnacti druhi fruktifikaci stromovitych plavuni rodt
Lepidostrobus a Flemingites a poprvé se prokazalo, ze
vSechny in situ mikrospory tohoto rodu izolované
z jednoho druhu matetské fruktifikace, vykazuji velmi
malou morfologickou variabilitu a v§echny je lze ptiradit
k jednomu disperznimu druhu. Na zéklad¢ velkého
mnozstvi zpracovanych in situ mikrospor rodu Lycospora
je mozné navrhnout novou klasifikaci a jejich nové
rozdéleni do skupin (Bek a Oplustil 2006).

Sistice produkované sigilariemi, dal§im zastupcem
stromovitych plavuni, byly dlouho povazovany za
monosporangiatni, tj. bud’ pouze s mikro- nebo s
megasporami. Posledni dvé prace autora o sigilariovych
sisticich a jejich in situ sporach pfinasi nové vyznamné
poznatky o této dulezité skupin¢ karbonskych rostlin.
Feng, Wang a Bek (2008) a Oplustil, Bek a Drabkova



(2009) popisuji poprvé nove sigilariové rody megaspor a
mikrospor.

Feng, Wang a Bek (2008) izolovali z ¢inskych nalezt
namurského staii megaspory odpovidajici disperznimu
druhu Sublagenicula nuda, ktery piedstavuje aplné novy
typ sigilariovych megaspor. Jesté¢ vyznamnéjsi je prace
Oplustila, Beka a Drabkové (2009), ktefi stanovili novy
rod sigilariovych $istic Thomasostrobus. Vsechny
predchézejici sigilariové fruktifikace byly
monosporangiatni, zatimco rod Thomasostrobus je
bisporangiatni s megasporami druhu Sublagenicula levis
v bazalni ¢asti Sistic a mikrosporami druhu Cadiospora
magna izolovanych z apikalnich sporangii. Oba druhy
byly popsany in situ poprvé. Tento objev stavi skupinu
sigilariovych rostlin do nového svétla. Na zakladé
zejména palynologického vyzkumu autora se nyni zda, Ze
sigilariové fruktifikace nejsou homogenni skupinou
velmi podobnych rostlin, ale ze se skladaji minimaln¢ ze
ti typu.

Sfenofytni spory lze rozdélit do dvou hlavnich
kategorii; spory produkované pieslickovitymi rody (tad
Equisetales) jako napt. Calamostachys, Palaeostachya,
Macrostachya, Huttonia, Paracalamostachys a spory
sfenofyl (fad Sphenophyllales) izolované vétsinou z Sistic
rodu Bowmanites. VSechny spory produkované §iSticemi
prvni skupiny, a to jak mikro- tak megaspory, jsou
morfologicky stejného typu a vSechny nalezi k rodu
Calamospora (Bek a Oplustil 1998, Libertin a Bek
20006).

Na ptikladu skupiny sfenofylnich §iStic a jejich spor je
nazorn¢ vidét vyznam studia spor in situ a jeho vliv na



klasifikaci matef'skych rostlin. Diky autorové maceraci
stovek nalezl fertilnich sfenofyl z ceskych i1 zahrani¢nich
sbirek se ukazalo, ze jde palynologicky o znacné
heterogenni skupinu, a Ze bude tfeba navrhnout novou
klasifikaci sfenofylnich fruktifikaci, pravé na zakladé
jejich spor in situ. Tento novy systém klasifikace
sfenofylnich Sistic se bude skladat ze sedmi novych roda
a kazdy novy rod bude charakterizovan zejména
odlisnym typem spor in situ.

Z §iroké skupiny ruznych kapradinovitych rostlin byly
autorem palynologicky studovany druhy roda Pecopteris,
Sonapteris, Tenchovia, Echinosporangites, Acitheca,
Sydneia, Senftenbergia, Lobatopteris, Corynepteris,
Oligocarpia, Waldenburgia, Renaultia a Discopteris.

Z kapradinovitych spor byly nej¢astéji palynologicky
zkoumany spory skupiny marattidlnich kapradin, a to
rody Acitheca, Pecopteris a Sydneia. Na zakladé dosud
publikovanych vysledkl (Bek a Oplustil 1998, PSenicka,
Bek, Zodrow, Cleal a Hemsley 2003, PSenicka, Zodrow,
Mastalerz a Bek 2005, Zodrow, Simtinek, Cleal, Bek a
Psenicka 2006) je ziejmé, ze palynologicky 1ze
marattidlni kapradiny rozdélit do n€kolika skupin, praveé
podle rozdilnych typi in situ spor.

V pripad¢ rostlin skupiny Noeggerathiales byly
z nalezt z karbonu Ceské republiky a permu Ciny
autorem palynologicky studovany $istice rodu Discinites
(Bek a Simtinek 2005, Wang, Zhang, Bek a Pfefferkorn
2004), Noeggerathiostrobus (Simtinek a Bek 2003) a
Paratingia (Wang, Pfefferkorn a Bek 2009). VSechny
nalezy byly bisporangidtni, tzn. v jedné SiStici nalezneme
jak mikro- tak megaspory. Fruktifikace rodu Discinites



vykézaly mikro- 1 megaspory stejné¢ho typu, nélezejici
rodu Calamospora. I ¢inské nalezy patfici k rodu
Paratingia obsahovaly mikro- i megaspory stejného typu.
Z sistic rodu Noeggerathiostrobus se podatilo autorovi
(Siméinek a Bek 2003) ziskat mikrospory rodu
Verrucosisporites a megaspory rodu Calamospora.
Morfologie spor a zpiesnéni diagnos sporovych
taxonu

Vyhodou studia spor in situ je moznost pozorovat spory
jednoho biologického druhu v poctu nékolika desitek,
stovek, nékdy az tisicii z riznych pohledl a v riznych
zachovanich. V nékterych ptipadech je tak mozné
objasnit morfologii spor ¢i typ a umisténi skulpturnich
elementil na povrchu exiny. Jako ptiklad lze uvést
nejasnosti a spory ohledné typu skulptury retikulatnich
spor rodu Dictyotriletes, Reticulatisporites a
Reticulitriletes. Autorovi (Bek a Libertin 2010) se
podafilo poprvé na svété izolovat tyto spory jako in situ z
,compresssion‘ ndlezii sfenofylnich Sistic, a na zakladé
pozorovani mnoha jedincti v prochéazejicim svétle,

v kombinaci s fotografiemi SEM, dokdzat, ze tyto spory
nemaji cingulum a retikulum je rozsifeno po celém
distalnim povrchu a zasahuje ¢astecné€ 1 na povrch
proximalni. Tim bylo prokazano, ze rod Dictyotriletes
definitivné nepatii mezi cingultni rody, diky studiu
téchto spor in situ.

Jinym piikladem, kdy vyzkum spor in situ, opirajici se
mj. o pozorovani desitek az stovek jedincl, miize pomoci
pii objasnéni skulptury spor a nasledné emendaci diagnos
disperznich taxont je ptiklad spor Spencerisporites
izolovanych z polostromovitych plavuni rodu



Spencerites. Drabkova, Bek a Libertin (2004) a Bek,
Libertin a Drabkova (2009b) emendovali jak rod
mateiskych rostlin, tak diagnosu jeho spor pravé na
zaklad¢ detailniho studia spor in situ, kdyz prokazali, ze
rozpoznani proximalni a distalni skulptury centralniho
téla. Toto pozorovani je mozné pravé pouze u spor in Situ
kdy mame k dispozici n€kolik desitek ¢i stovek jedinci.
Urceni materskych fruktifikaci na zakladé znalosti
jejich spor in situ

Spory in situ mohou v mnoha pfipadech byt jedinym
spolehlivym kritériem pro spravné druhové ¢i dokonce
rodové urceni matetské fruktifikace. To plati zejména
v ptipadech tzv. ,,compression* zachovani, kdy ne vzdy
je mozné rozeznat makroskopické morfologické znaky
dilezité pro spravné urceni (stavba a umisténi sporofyli;
Sitka a charakter osy; umisténi, tvar, pfisedani a velikost
sporangii ¢i synangii).

Piikladem, kdy palynologické studium in situ spor
mize pomoci pii klasifikaci matef'skych fruktifikaci jsou
SiStice stromovitych plavuni rodtt Thomasostrobus
(Oplustil, Bek a Drabkova 2009). Makroskopicky lze na
nalezech téchto §iStic rozeznat megasporangia s okem
viditelnymi megasporami v bazalni ¢asti a hladka
sporangia v apikalni ¢asti Sistic, coz by svédcilo o
ptislusnosti k rodu Flemingites. Palynologické studium in
situ mikro- a megaspor izolovanych z nalezi téchto Sistic
vsak prokazalo, ze se nejedna o rod Flemingites ale o
zcela novy rod, protoze jak mikro- tak i megaspory
tohoto typu byly in situ popsany poprvé na svéte.



Podobn¢ je tomu i u sfenofylnich §istic druhii
Bowmanites aquensis a B. pseudoaquensis, které
produkovaly spory rodu Calamospora a druhu
Punctatisporites obesus. Oba typy Sistic vypadaji
v zachovani ,,compression* velmi podobné, mohou se
snadno zameénit a rozdil je vlastné pouze v typu in situ
spor. O snadné zamén¢ sveéd¢i 1 chybné urceni téchto
Sistic Bekem a Oplustilem (1998), kteti zprvu zaradili
Ceské nalezy k druhu Bowmanites aquensis stanoveném
Remy (1955) z karbonu Némecka. Posléze (Libertin, Bek
a Drabkova 2008) na zaklad¢ odlisnych in situ spor
(Calamospora u Bowmanites aquensis a Punctatisporites
obesus u ¢eskych nalezii) ¢eské nalezy spravné navrhli
dva nové druhy Bowmanites pseudoaquensis a B.
brasensis.

Ontogeneticka stadia spor

Autor poprvé pfinesl né€kolik jasn¢ prokdzanych a
zdokumentovanych ptipadli ontogenetickych stadii
paleozoickych in situ spor nékterych plavuni (Bek a
Strakova 1995), presli¢ek (Libertin a Bek 2004, 20006),
kapradin (Bek a PSenicka 2001, PSenicka, Bek a Ropler
2005, Zodrow, Simtnek, Cleal, Bek a P$eni¢ka 2006) a
noeggerathii (Bek a Simfinek 2005). Prvnim typem kdy
se ontogeneticka stadia 1isi hlavné velikosti jsou napf.
spory skupiny densospores izolované z polostromovitych
plavuni rodu Omphalophloios. Bek a Strakova (1995)
popisuji mikrospory in situ rodi Densosporites a
Cristatisporites izolované z mikrosporangii, ktera lezi v
rtiznych Castech fertilnich apext. Mikrospory izolované
z mikrosporangii nachéazejicich se v apikdlni oblasti jsou
o polovinu mensi a vétsinou stale v tetradach, coz ptinasi



prvni dikaz o tom, Ze fertilni apexy rodu
Omphalophloios dozravaly smérem od $pice k bazi.

U preslickovitych fruktifikaci Bek a Libertin (2004,
20006) autor popsal typ ontogenetickych stadii u in situ
mikrospor rodu Calamospora izolovanych z $istic rodu
Huttonia (Libertin a Bek 2004) a Calamostachys
(Libertin a Bek 2006). V obou ptipadech nedozralé
mikrospory jsou obaleny pseudosakem, zatimco plné
vyzralé formy jsou bez pseudosaku.

Dalsi ontogeneticka stadia in situ spor byla prokazana u
kapradin rodu Acitheca (P$enicka, Bek a Ropler 2005,
Zodrow, Simtinek, Cleal, Bek a P3enicka 2006),
Sonapteris (PSenic¢ka, Bek a RoBler 2005) a
Senftenbergia (Bek a PSenicka 2001). V ptipadé spor
izolovanych z druhu Sonapteris pilsensis maji relativné
nedozralé spory hladkou exinu a odpovidaji disperznimu
rodu Calamospora. Spory piechodnych stadii jsou
granulatni az verukatni pfipominajici spory disperzniho
rodu Punctatisporites ¢i Apiculatisporis a u plné
dozralych jedinct jsou vyrazné spinatni ¢i bakulatni
skulpturni elementy jako u rodu Raistrickia. Podobna
situace je popsana (Bek a PSenicka 2001) i u druhu
Senftenbergia plumosa a jeho in situ spor.

Vliv na rekonstrukeci a sloZeni vegetace

Disperzni sporovy zdznam at’ jiz z jedné lokality nebo z
rozsahlejsiho uzemi poskytuje vice informaci o piivodni
vegetaci nez makrofloristické nalezy. Moznosti kdy 1ze
provadeét jak kvalitativni tak kvantitativni rekonstrukcei
puvodniho rostlinného spolecenstva jsou lokality, kde je
flora (v€etné spor) zachovana in situ, tedy fosilizovana
presné v mistech ristu rostlin, které neprodélaly nasledny
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transport. Takovym piikladem je lokalita Ov¢in u
Rokycan v radnické panvi v zapadnich Cechach, kde
nalézame velké nalezy rostlin, ¢asto 1 kompletni jedince.
Z této panve zname mnoho fruktifikaci, které byly
autorem uspésné palynologicky studovany pro spory in
situ (Bek a Oplustil 1998, Bek, Oplustil a Drabkova
2001, PSenicka, Bek a Ropler 2005, Bek, Drabkova,
Daskova a Libertin 2009, Bek, Libertin a Drabkova
2009a,b, Bek a Oplustil 2004, Libertin a Bek 2004,
Drabkova, Bek a Oplustil 2004, Simiinek a Bek 2003).
Béhem nékolikaletého vyzkumu v radnické panvi,
zejména béhem vykopt na lokalité Ov¢éin u Rokycan
bylo popsano 32 rostlinnych druhd, které predstavuji asi
24 biologickych druhii (Oplustil, PSenicka, Libertin, Bek,
Dagkova, Simtinek a Drabkova 2009). Na zakladé
znalosti studia spor in Situ 1ze u nékterych taxont urcit,
zda byly produkovany jednou ¢i vice matetskymi
rostlinami a odhadnout, které disperzni taxony ve
skutecnosti predstavuji jeden ptirozeny druh.
V tomto piipad¢ tak diky palynologickym poznatkiim o
sporach in situ mizeme puvodni pocet 26 rostlinnych
biologickych druhii, nalezenych na lokalite, rozsifit o
dvacet dalSich konkrétnich taxoni a cca. tficet novych,
matefskych rostlin, které zatim nebyly v panvi nalezeny,
1 kdyZ se zde musely vyskytovat.

Odhadovani kvantitativnich parametrli, zejména
procentualniho zastoupeni rostlin na zakladé
zjistovani kvalitativnich udaji pomoci studia spor in situ.
Jedinou zatim pouzitou metodou pro odhad
kvantitativnich udaju jsou tzv. konverzni faktory (R-
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values). Tuto metodu vyvinul Davis (1963) pro recentni
tropickou vegetaci a spory a pylova zrna. Pro karbonskou
floru jako zatim jedini aplikovali metodu konverznich
faktortt Willardova (1993) pro americké "coal-balls"
spolecenstva stiedniho pensylvanu a Willardova a
Phillips (1993) pro svrchni pensylvan USA. Konverzni
faktor je definovan jako pomér procentualniho
zastoupeni sporového taxonu k procentualnimu
zastoupeni nadzemnich ¢asti jeho matetské rostliny.

% sporového druhu
R=0O0O0oooooooo0 oooo ooon
oo0o0ooooooooooooonnn
0 0

% nadzemnich c¢asti rostlinného druhu

Konverzni faktory nebyly pro ,,compression‘
spolecenstva zatim nikdy vypocitany a na lokalit¢ Ovc¢in
u Rokycan v radnické panvi jsou pro tyto vypocty
jedine¢né podminky, prave proto, zZe flora je zde
fosilizovana pfimo v misté svého rlistu a neprod¢lala
nasledny transport. Pfedbézné hodnoty ukazuji, ze
konverzni faktory z ,,coal-balls* a ,,compression‘
spolecenstev nejsou identické. U obou typt zachovani
jsou spory plavuni nadhodnoceny v poméru k vyskytu
jejich matetskych rostlin. Konverzni faktor plavuni je
relativné o malo vyssi u ,,compression® zachovani (1.7)
nez u spole¢enstev typu ,,coal-balls* (1.2). Opacna
situace je u spor kapradin a kordaiti, kdy spory kapradin
z ,,coal-balls* zachovani jsou vyrazné nadhodnoceny
v poméru k jejich matetskym rostlinadm (3.9), zatimco u
zachovani typu ,,compression‘ jsou vyrazné
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podhodnoceny (0.2). Podobné¢ je to i u pylovych zrn
kordaitt, které jsou u zachovani ,,coal-balls*
nadhodnoceny (1.5) ale u spolecenstev ,,compression
vyraznym zpusobem podhodnoceny (0.1).

Znalost spor in situ pomaha nejen pii rekonstrukci
slozeni a charakteru rostlinnych spolecenstev, ale i pfi
rekonstrukcich ekologickych a klimatickych podminek.
Lokalni zmény typu raselinisté v rdmci jedné uhelné
sloje, tj. v relativné kratkém Casovém horizontu, na
zaklad¢ palynologickych zmén disperznich sporovych
spolecenstev demonstrovali poprvé u nas Oplustil,
Sykorova a Bek (1999), kteti popisuji jak palynologické
zmény charakteru sporovych spolecenstev dokumentu;i
zmény prostiedi, tedy typu raselinisté. Na vyslednych
grafech jsou dokumentovany zmény dominance dvou
vyznamnych sporovych taxonil, skupiny densospores a
rodu Lycospora. Z grafii vyplyva, ze raSelinisté se zacalo,
v souladu s teorii Andersona (1961, 1964) a Romanova
(1968) vyvijet jako planarni typ, kde v dispernich
spolecenstvech dominovaly miospory rodu Lycospora.
Postupné (na trovni vzorku €. 9) dochazi ke zméné
v charakteru sporovych spolecenstev a miospory skupiny
densospores zac¢inaji byt hojnéjsi nez zastupci rodu
Lycospora, coz piedstavuje zménu typu raselinisté
z planarniho na démovity typ, pravdépodobné akumulaci
raSeliny. Zavérem sedimentace (od urovné vzorku ¢. 21)
se op¢t meéni charakter sporovych spoleCenstev a
miospory rodu Lycospora zac¢inaji prevazovat nad
zastupci skupiny densospores. Tato palynologicka zména
odpovida zméné typu raselinisté z ddomovitého na
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planarni, ktera mohla byt zptisobena napft. erozi
domovitého faseliniSte.

Na zaklad¢ odlisného procentudlniho zastoupeni vyse
zminénych hlavnich sporovych taxoni 1ze vysledovat
nejen lokélni zmény v jedné uhelné sloji béhem relativné
kratkého casového intervalu, ale i zmény na mnohem
veétsim uzemi a béhem vyrazné del$iho stratigrafického
rozpéti. Jako piiklad lze uvést Ceskou ¢ast hornoslezské
panve ve stratigrafickém rozsahu svrchni mississippian-
stiedni pensylvan, tj. nékolik milioni let (Bek 2008).
Sporova spolecenstva celého ostravského souvrstvi jsou
typicka prevahou miospor rodu Lycospora. Na urovni
prvnich vrstev karvinského souvrstvi, tzn. bazalnich
poloh sedlovych vrstev reprezentovanych sloji Prokop,
dochazi ke zmén¢ a miospory skupiny densospores
zacinaji dominovat. Tento jev pokracuje celé sedlové
vrstvy. Nastupem susskych vrstev se celkovy charakter
sporovych spolecenstev opét méni a miospory rodu
Lycospora jsou opét nejhojnéjsi. Znamena to, Ze celkovy
charakter raSelinist’ se na této velké plose béhem nékolika
miliona let nékolikrat zménil. Raselinisté zacalo opét
jako planarni typ (celé ostravské souvrstvi) a po
stratigrafickém hiatu, v sedlovych vrstvach karvinského
souvrstvi, doslo akumulaci raseliny ke zméné na
démovity typ (sedlové vrstvy). Od spodnich a svrchnich
suSskych vrstev ma raSelinisté opét jiny charakter a
piechazi do planarniho reotrofniho typu. Na vysledném
grafu (Bek 2008) je vidét, Ze maximalni vyskyt jednoho
taxonu odpovidd minimu druhého, coz dokazuje odlisné
ekologické naroky matetskych rostlin obou sporovych
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taxontl, tedy né¢kterych stromovitych plavuni a
polostromovitého rodu Omphalophloios.
Uziti ultrastrukturnich fezi exiny (TEM)

Studium ultrastruktury fosilnich spor a pylovych zrm,
které pouziva transmisni elektronovy mikroskop (TEM)
se vyuziva zejména pii vyzkumu evolucnich a
fylogenetickych vztaht a linii fosilnich a recentnich
rostlin. Autor zatim pracoval na dvou studiich tykajicich
se uziti TEM. V prvnim ptipadé (PSenicka, Bek, Zodrow,
Cleal a Hemsley 2003) méla metodika TEM rozhodnout,
ke které skupiné kapradin patii fertilni nalezy ze Sydney
Coalfield v Kanad¢. Palynologickym studiem byla
zjisténa ontogeneticka stadia spor in situ, kde relativné
nedozralé formy jsou drobné, tenkosténné monolétni
hladké spory druhti Laevigatosporites perminutus a
Latosporites minutus. Dozralé spory jsou vétsi, trilétni
s jednou jizvou krats$i nez zbyvajici dvé ramena,
silnosténné, mikrospinatni a odpovidaji disperznimu
druhu Punctatosporites oculus. Studium TEM vyloucilo
moznost, ze novy rod patii do skupiny primitivnéjSich
kapradin, které nemaji vyvinutou vnitini vrstvu exiny
v oblasti apertury, na rozdil od studovanych kanadskych
spor. Byla vylou¢ena i moznost, Ze by matetska rostlina
byla pteridospermniho ptivodu, protoZe exina v téchto
piipadech ma nékolik dobte vyvinutych vrstev kdy
vnitini homogenni vrstva dosahuje % celkové mocnosti
exiny a vnéj$i skulpturovana vrstva ma charakteristickou
pérovitou strukturu (Taylor 1982). Exina spor rodu
Sydneia ma pomérné homogenni strukturu a odpovida
sporam produkovanym eusporangidtnimi typy
marattialnich kapradin. Na zakladé TEM studia in situ
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spor pak byl novy rod zarazen do zatim nezndmé Celedi
marattialnich kapradin.

Dalsim piikladem, kdy TEM studium spor in situ
pomaha pii paleobotanickém vyzkumu, piedstavuji
megaspory izolované autorem z megasporangii ze
svrchniho devonu z Clevelandu v USA (Bek, Chitaley a
Grauvogel-Stamm 2009). Nalezy piedstavovaly tisice
disperznich mega- a miospor a nékolik megasporangii.
Maceraci bylo zjisténo, ze disperzni i in situ megaspory
odpovidaji druhu Valvisisporites auritus a miospory
druhu Endosporites globiformis, coz svédci o tom, ze
matefskou rostlinou byl polostromovity rod Polysporia,
patiici mezi isoetalni plavuné. Kromée morfologickych
podobnosti isoetalnich plavuni jako je stavba hlavni osy
¢1 podobny typ kotenii existuje 1 spolecna palynologicka
charakteristika, vyskyt tzv. apikalnich papil, které pti
studiu TEM oznacujeme jako laminované zony. U
mikrospor rodu Endosporites jsou tyto apikalni papily
vétSinou nepozorovatelné jak v prochazejicim svétle, tak
ve skenovacim elektronovém mikroskopu, ale autorovi se
podaftilo vyskyt tohoto diilezit¢ho znaku prokazat u
miospor druhu Endosporites globiformis pochazejicich ze
svrchniho devonu Clevelandu, prave na zéklad¢ studia
TEM.

Prvni vyskyt rodu Polysporia patiiciho do vyvojové
linie isoetalnich plavuni, se kladl do irovné vestfalu
(DiMichele, Mahaffy a Phillips 1979, Grauvogel-
Stammové a Lugardon 2001, 2004, Lugardon,
Grauvogel-Stammova a Dobrushkina 1999, 2000,
Piggova 1994, 2001, Bek, Chitaley a Grauvogel-
Stammova 2009). Tato fylogeneticka linie pokracuje do
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mesozoika a s jejimi zastupci se mizeme setkat i dnes.
Jedna se o fosilni rody Annalepis, Pleuromeia,
Viatscheslavia a dalsi, v¢etné recentniho rodu Isoetes.
Jednim ze spolecnych znak rostlin této fylogenetické
linie jsou prave apikalni papily, tedy laminované zény
vyskytujici se na vétsing jak mikro- tak i na megaspor
téchto rostlin. A praveé autorovo studium TEM na sporach
z Clevelandu v USA prokazalo, ze tato fylogeneticka
linie isoetalnich plavuni nezacinala az v karbonu, ale jiz
ve svrchnim devonu.
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Abstrakta publikaci, které jsou soucasti
disertace:

BEK. J., 2008. Pennsylvanian (Serpukhovian-
Bashkirian) miospore assemblages of the Bohemian
part of the Upper Silesian Basin, Czech Republic.
Review of Palaeobotany and Palynology, 152, 40-57.
Abstract: Palynological samples from thirty-four
boreholes drilled in the Bohemian part of the Upper
Silesian Basin in the Czech Republic during more than
last fifty years were examined. Coal samples from the
Ostrava (Jaklovec and Poruba members) and Karvina
(Saddle, Lower and Upper Suchd members) formations
of Serpukhovian to Bashkirian age (Arnsbergian—
Langsettian) were palynologically studied. Fifty-six
genera with two hundred and forty-seven species were
recognised by four palynologists. A brief review of the
history of geological, palacobotanical and palynological
research is given. The changes in the dominance of the
two principal miospore groups, lycospores and
densospores, are the most significant criteria for the
determination and characterization of dispersed miospore
assemblages. The reconstruction of coal-forming
vegetation is suggested. The comparison with some other
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European, and American coal basins and Western Europe
palynozonation is suggested.
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M., 2008. The sub-arborescent lycopsid genus Polysporia
Newberry and its spores from the Pennsylvanian
(Bolsovian—Stephanian B) continental basins of the
Czech Republic. Review of Palaeobotany and
Palynology, 152, 176-199.

Abstract: About fifty compression specimens belonging
to four species of Polysporia from the Kladno—Rakovnik
Basin of the central and western Bohemian
Carboniferous continental basins and Intra-Sudetic Basin
of the Czech Republic were studied
macromorphologically and for in situ spores. Their
stratigraphic range is from the Bolsovian to the
Stephanian B. Polysporia rothwellii sp. nov., P. drabekii
sp. nov. and P. radvanicensis sp. nov. are proposed as
new species. Polysporia is reconstructed as a sub-
arborescent plant with a principal axis with sterile and
fertile apical portions. P. rothwellii and P. drabekii are
preserved only as clusters of micro- and megasporophylls
on specimens not in connection to an axis, and their
identification and classification is based mainly on in situ
spores. Micro- and megasporangia of some specimens of
Polysporia occur together on axes, however, usually they
are not arranged in a distinct pattern and only
occasionally the distinct transition among micro- and
megasporangia is to be seen. In situ megaspores are
correlated with the dispersed species Valvisisporites
auritus (Polysporia radvanicensis and P. drabekii),
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Expansisporites westphalensis (Polysporia rothwellii)
and Triletisporites bohemicus (Polysporia robusta). In
situ microspores are correlated with the dispersed species
Endosporites zonalis (Polysporia robusta), E.
globiformis (Polysporia rothwellii) and E. cf. formosus
(Polysporia drabekii). Some of Kidston's type material of
Polysporia from UKwas re-examined and yields
megaspores of the Expansisporites valvatus-type and
microspores of the Endosporites globiformis-type. A
review of in situ and dispersed occurrences
Valvisisporites, Pseudovalvisisporites, Triletisporites,
Expansisporites megaspores and Endosporites miospores
is given.

BEK, J., CHITALEY, S., GRAUVOGEL-STAMM, L.,
2009. Occurrence of spores from an isoetalean lycopsid
of the Polysporia-type in the Late Devonian of Ohio,
USA. Review of Palacobotany and Palynology, 156, 34-
50.

Abstract: Thousands of dispersed megaspores of the
Valvisisporites auritus-type, some isolated
megasporangia still containing them and dispersed
microspores of the Endosporites globiformis-type have
been found occurring in close association in the Late
Devonian (Famennian) of Ohio, USA. Until now, these
spores have only been found in the Carboniferous, where
they have been shown to have been produced by
isoetalean lycopsids assigned to the plant genus
Chaloneria and the morphogenus Polysporia. The
discovery of dispersed megaspores of the V. auritus-type
and microspores of the E. globiformis-type in the
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Famennian of the USA may indicate that such sub-
arborescent lycopsids already existed in the Late
Devonian, which thus extends the range of distribution of
these taxa, at least in North America. The present work
describes, using LM, SEM and TEM, megaspores of V.
auritus-type, megasporangia containing these
megaspores, and microspores of E. globiformis-type. The
comparison with their Carboniferous representatives
shows that they are quite similar. This comparative study
permits clarification of some ultrastructural features of
the megaspores of the Valvisisporites-type, such as the
partly lamellate—partly amorphous innermost exospore,
demonstrating that this is a characteristic and important
ultrastructural feature of this genus.

BEK, J., LIBERTIN, M., 2010. In situ reticulate
sphenophyllalean spores Pennsylvanian (Bolsovian) of
the Czech Republic. Review of Palacobotany and
Palynology, 159, 56-61.

Abstract: Two specimens of compression strobili from
the Bolsovian of the Kladno—Rakovnik Basin, Czech
Republic, were studied for in situ spores. Sporangia of
strobili are disintegrated. Only fragments of
sphenophyllalean axes and sphenophyllalean leaves
occur in the rock together with the sporangia and
sporangiophores. The direct evidence about
sphenophyllalean affinity of strobili is that sporangia are
connected with axis by a short non-scutelliform
sporangiophore that is typical only for the genus
Bowmanites Binney. The lack of morphological features
of strobili does not enable the erection of a new species
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and, therefore, it is possible to classify the specimens
only as Bowmanites sp. Reticulate spores comparable
with the dispersed species Reticulatisporites muricatus
Kosanke are reported for the first time as in situ from
compression cone specimens and represent new
morphological type of sphenophyllalean spores.

BEK, J., OPLUSTIL, S., 2004. Palacoecological
constraints of some Lepidostrobus cones and their parent
plants from the Late Palacozoic continental basins of the
Czech Republic. Review of Palacobotany and
Palynology, 131, 49-89.

Abstract: About 60 strobilar specimens of six
Lepidostrobus species (Lepidostrobus sternbergii,
Lepidostrobus nemejcii sp. nov.,Lepidostrobus thomasii
sp. nov., Lepidostrobus obovatus, Lepidostrobus
ronnaensis sp. nov. and Lepidostrobus stephanicus) and
their microspores from the Bohemian Late Palaeozoic
continental basins were studied. The stratigraphical range
of cones is from the Langsettian to the Stephanian B.
Microspores isolated from six species of Lepidostrobus
cones belong to six dispersed spore species of the genus
Lycospora. Lepidostrobus crassus was synonymised with
L. sternbergii based on identical spore content and
closely similar morphology of the type specimens of both
species. Lepidostrobus nemejcii, L. thomasii and L.
ronnaensis have been erected as new species according
to the cone morphology, spore content and parent plant.
Ecological constraints of all the species are discussed.
Two groups of species preferring different habitats were
distinguished. The first group consists of species that
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preferred clastic to mixed peat/clastic substrates and high
water table. Their parent plants grew either in clastic
swamps along the lake margins and shallows or in planar
mires frequently disturbed by clastic input during
floodings. This group involves most of the studied
species and their parent plants. Differences between
habitats of the species of this group are indicated but
their precise specifications needs further investigation.
The second group involves only L. ronnaensis and its
parent plant Lepidodendron ophiurus (sensu Némejc). It
preferred peat substrate of planar eutrophic mires with
only minor clastic disturbances. The palynological
comparison with in situ lycospores from compressed and
petrified Lepidostrobus cones is made.

BEK, J., OPLUSTIL, S., 2006. Six rare Lepidostrobus
species from the Pennsylvanian of the Czech Republic
and their bearing on the classification of lycospores.
Review of Palaeobotany and Palynology, 139, 211-226.
Abstract: Grouping of the common and diverse
Carboniferous dispersed miospore genus Lycospora is
suggested. Authors divide Carboniferous lycospores into
six subgroups, based on their morphology and the
knowledge of their in situ records. The stratigraphical
range of the cones is from the Langsettian to the
Stephanian B. Six plant specimens from the Bohemian
Late Palacozoic continental basins belong to six
Lepidostrobus species. Differing morphology of
fructifications and their in situ spores lead to a separation
of the cones into the following species: Lepidostrobus
kohoutii sp. nov. containing Lycospora uzunmehmedii



29

spores, Lepidostrobus cf. haslingdenensis containing
Lycospora uber spores, Lepidostrobus sp. A yielded
spores that compare with the dispersed species Lycospora
microgranulata, Lepidostrobus sp. B possessed
Lycospora cf. microgranulata spores, Lepidostrobus sp.
C yielded spores of the Lycospora torquifer-type, and
Lepidostrobus sp. D contains Lycospora cf. subjuga
spores. It means, that each cone species yielded
lycospores comparable to one dispersed spore species.
The palaeoecology of the plant fossils is discussed. Their
environment is typified by either clastic or mixed
clastic/peat substrates and standing water. Therefore,
they grew in clastic swamps developed along the lake
margins or shallows.

BEK,J., SIMUNEK, Z., 2005. Revision of the cone
genus
Discinites from the Carboniferous continental basins of
Bohemia. Palaeontology, 48, 6, 1377-1397.
Abstract: The genus Discinites is revised based on 31
specimens belonging to seven species collected from the
Kladno-Rakovnik, Radnice and Lisek continental basins
of central and western Bohemia, Czech Republic. The
stratigraphical distribution of the cones studied ranges
from Bolsovian to Westphalian D. Emendation of
Discinites and the species D.hlizae and D. bohemicus are
proposed. A new species, D.nemejcii, is erected.
Wherever possible descriptions of in situ microspores
and megaspores are included into diagnoses. Isolated
microspores presented two ontogenetic stages. Immature
forms have an outer layer, with an irregular primary and
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secondary reticulum, enveloping a laevigate inner body.
In mature spores, however, the outer layer has usually
been damaged, destroyed or dissolved, and the lacvigate
microspores are closely comparable with species of
dispersed genus Calamospora. A second type of
microspores was isolated from Discinites bohemicus.
Here the inner body bears a trilete mark and the outer
layer has an operculum situated above the proximal pole
of the inner body. These microspores are of the
Vestispora-type, and previously have only been reported
in situ from sphenophyllalean plants. Laevigate
megaspores recovered from a number of Discinites
species are comparable with the dispersed species
Calamospora laevigata.

DRABKOVA, J., BEK, J., OPLUSTIL, S., 2004. The
first compressed specimens of Spencerites (Scott)
emend. and their spores Spencerisporites (Chaloner)
emend. from the Upper Carboniferous (Bolsovian) of
the Kladno-Rakovnik and Radnice Basins, Czech
Republic. Review of Paleobotany and Palynology,

130, 59-88.

Abstract: Nearly 60 compression fossils of the
vegetative stems and fertile zones of Spencerites (Scott)
emend. are described from the Bolsovian of the Kladno-
Rakovnik and Radnice basins in the Czech Republic.
Spencerites is re-interpreted as a pseudoherbaceous,
repeatedly (minimum three times) dichotomously-
branching, lycopsid with fertile apical zones. Vegetative
stems are described for the first time. Two new species
are proposed: Spencerites havlenae and Spencerites
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chaloneri. They are generally similar morphologically,
and can be distinguished mainly by their isospores.
Spencerisporites radiatus Felix and Parks, 1959 emend.
isospores were isolated from Spencerites havlenae and
Spencerisporites striatus sp. nov. from Spencerites
chaloneri. Emendations are proposed for the generic
diagnoses of Spencerites and Spencerisporites, and the
specific diagnosis of Spencerisporites radiatus.
LIBERTIN, M., OPLUSTIL, S., PSENICKA, J., BEK, J.,
SYKOROVA, I, DASKOVA, J., 2009. Middle
Pennsylvanian pioneer plant assemblage buried in situ by
volcanic ash-fall, central Bohemia, Czech Republic.
Review of Palaeobotany and Palynology, 155, 204-233.
Abstract: Palacoecological analysis of a single-age plant
assemblage of the middle Westphalian age (Bolsovian =
middle Moscovian) preserved in the tuff bed at the base
of the Whetstone Horizon in the roof of the Lower
Radnice Coal of the Stilec opencast mine in central
Bohemia is provided. This plant assemblage represents a
peat-forming phytocoenosis buried in situ by volcanic
ash-fall as indicated by frequent occurrence of upright
stems rooted in the underlying coal and large plant
fragments occurring at the base of the tuff. It is a low-
diversity herbaceous and sub-arborescent assemblage
dominated by small ferns and calamites with
subdominant lycopsids not taller than about 1-1.5 m.
This unique herbaceous assemblage comprises four fern
species (Kidstonia heracleensis, Dendraena
pinnatilobata, Desmopteris alethopteroides and
Sphenopteris cirrhifolia), Calamites sp. and the small
lycopsid Spencerites leismanii. Each species bears
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mature fertile organs with spores that indicate them to
represent small but fully mature plants and not juvenile
arborescent taxa. This plant assemblage is interpreted as
a pioneer phytocoenosis that colonised a shallowed pond
or lake, and that developed in the Lower Radnice Coal
mire after flooding. Comparison of the phytocoenosis
preserved in tuff bed at the base of the Whetstone
Horizon in the Stilec opencast mine with coeval plant
assemblages from the same bed in other localities reveals
its unique character.

Comparison of the palynological record from the roof of
the Lower Radnice Coal with the taphocoenosis
preserved in the “bélka” tuff bed overlying this coal and
the allochtonous taphocoenosis of the laminated tuffite
above bélka indicates a close co-existence of this low-
diversity herbaceous phytocoenosis with the high-
diversity lepidodendrid lycopsid dominating assemblage.

OPLUSTIL, S., BEK, J., DRABKOVA, J., 2009. A new
bisporangiate lycopsid cone genus Thomasostrobus
gen.nov. from the Late Pennsylvanian of the Intra-
Sudetic Basin (Czech Republic). Bulletin of Geosciences,
84(2), 283-300.

Abstract: A new bisporangiate lycopsid cone genus
Thomasostrobus gen. nov. from the Stephanian strata of
the Intra-Sudetic Basin (Czech Republic) is proposed as a
new organ genus. The only species in the genus,
Thomasostrobus longus sp. nov., is established. Mega-
and microsporangia are arranged in zones, with
megasporangia in the lower part of the cones and
microsporangia in their apical portions. Microspores
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assigned to the dispersed genus Cadiospora and
megaspores comparable with the dispersed species
Sublagenicula levis, are described in situ for the first
time. The possible parent plant of Thomasostrobus
longus is discussed and an overview of dispersed
Cadiospora and Sublagenicula spores is given

OPLUSTIL, S., PSENICKA, J., LIBERTIN, M., BEK,
J., DASKOVA, J., SIMUNEK, Z., DRABKOVA, J.,
2009. Composition and structure of an in situ Middle
Pennsylvanian peat-forming plant assemblage buried

in volcanic ash, Radnice Basin (Czech Republic).
PALAIOS, 24, 726-746.

Abstract: A three-dimensional reconstruction is
provided of the composition, spatial distribution, and
structure of a single-aged, Middle Pennsylvanian
(Moscovian, peat-forming forest of a high-ash, planar
(rheotrophic) mire, buried in situ by volcanic ash and
preserved in the Lower Radnice Coal of the Radnice
Basin (Czech Republic). The reconstruction is based on a
detailed taxonomic and taphonomic analysis of fossils in
a ,0.5-m-thick tuff bed at the base of the Whetstone
Horizon excavated over an area of 93.5 m2. In all, 24
whole-plant taxa of various growth forms were
identified. This assemblage represents a lepidodendrid-
and Cordaites borassifolius-dominated forest, with a
well-developed understory of subarborescent lycopsids,
tree ferns, medullosan pteridosperms, and calamites, as
well as herbaceous ground cover. Lycopsids were
dominated by Lepidodendron simile bearing Flemingites-
type cones and L. lycopodioides; Lepidophloios cf.
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acerosus was subdominant. Lianas, mostly lyginopterid
pteridosperms and some ferns, were usually found close
to upright stems. The ground cover, mostly ferns and
sphenophyllaleans, was taxonomically the most diverse
stratum, although only a minor contributor to the peat.
Based on samples from the coal roof, the palynological
record is in agreement with the tuff bed assemblage
except for the quantity of certain taxa. To reduce this
bias, compression R-values were calculated from the
percent cover of aerial plant parts in the excavation and
in the dispersed palynoflora. These R-values suggest that
in the palynological record, arborescent lycopsids and
sphenophylls are greatly overrepresented, ferns and
cordaites strongly underrepresented, and calamites are
almost the same in both records.

PSENICKA, J., BEK, J. ROSSLER, R., 2005. Two new
species of Sonapteris gen. nov. (Botryopteridaceae)
based on compressions from the Upper Carboniferous
(Bolsovian-Westphalian D) of the Pilsen Basin,
Bohemian Massif. Review of Palacobotany and
Palynology, 136, 11-132.

Abstract: Sonapteris gen. nov. is established for two
new species S. barthelii sp. nov. and S. pilsensis sp. nov.
from the Bolsovian and Westphalian D of the Pilsen
Basin, Czech Republic. Sonapteris barthelii sp. nov. and
S. pilsensis sp. nov. were studied palynologically and
morphologically. Both species are based on fertile
specimens, which show branching systems Bering fertile
organs, annulate sporangia and spores of a botryopterid
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type. Sonapteris gen. nov. is assigned to the family
Botryopteridaceae.

Whereas S. barthelii shows great similarities to the lower
Carboniferous species B. antiqua, S. pilsensis does not
show superficial similarities to any botryopterid species
in general view. The anatomy of both new species
remains unknown, and so it is impossible to place them
in the genus Botryopteris Renault. In situ spores isolated
from S. barthelii belong to the dispersed genus
Leiotriletes-Granulatisporites-type. Different stages of
maturity were observed in the spores isolated from S.
pilsensis. The first type consists of laevigate spores
closely comparable to several species of the dispersed
genus Calamospora (relatively immature forms); the
second, intermediate type consists of scabrate,
microgranulate to microverrucate spores that can be
correlated with the dispersed genera Verrucosisporites,
Apiculatisporis or Planisporites; and the third (fully
matured) type consists of clavate, baculate to spinate
spores that belong to the dispersed genus Raistrickia.
Such ontogenetic stages of botryopterid spores are
described for the first time and they resemble similar
maturity stages of spores of Senftenbergia plumosa.
Sonapteris barthelii may represent a liana-like or
epiphytic kind of fern, that grew on Psaronius trunks
with Pecopteris tuffitica-type fronds. However, the
general habit of S. barthelii remains unknown.

PSENICKA, J., BEK, J., ZODROW, E.L., CLEAL, CH.,
HEMSLEY, A., 2003. A new late Westphalian fossil
marattialean fern from Nova Scotia. Botanical Journal
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of the Linnean Society, 142, 199-212.

Abstract: Sydneia manleyi gen. et sp. nov. is based on
part of a fertile frond from the upper Westphalian D of
the Sydney Coalfield, Nova Scotia, Canada. It has small
synangia composed of laterally fused sporangia that are
elongate and with a circular cross-section. The sporangia
yielded variably sizes monolete and trilete spores with
laevigate and microspinate ornamentation; intermediate
forms were also observed. the spores can be correlated
with Sporae dispersae species Latosporites minutus,
Punctatosporites oculus and Laevigatosporites
perminutus. Size ditribution of the spores is variable and
highly skewed, suggesting heterogeneity of the spores
within the sporangium. Spore ultrastructure indicates that
the fossil is part of a fern, and the morphology of the
spores and synangia indicate marattialean affinities.

ZODROW, E.L, SIMUNEK, Z., CLEAL, CH, J., BEK,
J., PSENICKA, J., 2006. Taxonomic revision of the
Palacozoic marattialean fern Acitheca Schimper. Review
of Palacobotany and Palynology, 138, 239-280.
Abstract: The Pennsylvanian genus Acitheca Schimper,
1879 is revised based on re-examination of the sterile
types, plus evidence from well-preserved fertile and
sterile material from Canada and the Czech Republic
(n=750 specimens). Acitheca was an arborescent
marattialean fern about 3.5m high with large, tripinnate
or quadripinnate fronds which produced Caulopteris-like
frond scars on the trunk. Although its reproductive
structures are similar to those of Asterotheca Presl,
Acitheca differs in a number of characters of the sterile
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foliage (especially the venation), and its palynology. The
veins fork at least twice (except in the smallest pinnules):
after the first dichotomy, the upper branch divides and
then the lower branch divides, producing
polymorphopterid veining pattern. Synangia occur in two
rows, one on either side of the midvein, and usually
consist of four elongate sporangia that extend blond the
pinnule margin. Recovered in situ spores show a much
greater ontogenetic variability than any other known
Pennsylvanian marattialean; the size varies from 34pm to
116um, and exine ornamentation from laevigate
(immature spores), finely microgranulate to scabrate
(intermediate spores), to microverrucate—microgranulate
(mature spores). Three species are described in the paper:
Acitheca polymorpha (Brongniart) Schimper, Acitheca
ambigua (Sternberg) Némejc, and a new species Acitheca
alii sp. nov. Distributional evidence suggests that
Acitheca probably originated in eastern North America
and Western Europe in middle Pennsylvanian, and
towards the end of it its geographical range had extended
to Eastern Europe, the Caucasus, and into Permian of
China.



