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Abstrakt

Predklidana prace se vénuje fosilnim rostlindm klikovského souvrstvi. Souvrstvi
stratigraficky odpovidajici svrchnimu turonu az santonu, tvofi bazdlni a nejroz-
$ifengjsi jednotku jiholeskych panvi. Pochdzi z ného velké mnozstvi otisku listi,
reproduktivnich organu rostlin i bohatd pylova spolecenstva. V roce 2007 byly na
lokalité Zliv-Ridk4 Blana nalezeny vyjimeéné zachované zuhelnatélé plody, seme-
na a kvéty, které jsou pfedbézné popsiny v této praci. V pylovych spektrech i mezi
reproduktivnimi organy pfevlddaji rostliny normapolového komplexu, jejichz sys-
tematické postaveni je feSeno v piedkladané praci. Jednim z vysledka studia je zjis-
téni, ze rody Budvaricarpus a Caryanthus, které nalezi mezi rostliny normapolové-
ho komplexu, jsou blizce piibuzné recentnimu rodu Rhoiprelea, sesterské skupiné
dnesnich Juglandaceae. V klikovském souvrstvi se také nachdzeji vajicka fosilniho
hmyzu, kterd jsou velikosti i tvarem snadno zaménitelnd za semena rostlin. Dva
druhy revidované v této préci, Palacoaldrovanda splendens a Knoblochia cretacea, byly
pivodné mylné povazované za pozistatky krytosemennych rostlin. Oba druhy jsou
v této praci interpretoviny jako fosilni vajicka hmyzu. Na zdkladé znaka jako per-
forovand sténa i bazalni a apikalni vystupek se jevi nejpodobnéjsi vajicku dnesnich
skupin Lepidoptera a Phasmatodea. Paleoekologické zhodnoceni fléry klikovské-
ho souvrstvi pomoci metody CLAMP (Climate Leaf Analysis Multivariate Pro-
gram), NRL (Nearest Living Relative) a CoA (coexistence approach) ukazuje na
fléru rostouci v sezénnim klimatu s primérnymi ro¢nimi teplotami okolo 15 °C.
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Abstract

The present thesis focuses on plant fossils from the Klikov Formation (late Tu-
ronian - Santonian). This formation forms the basal part and the most widespread
unit of the South Bohemian Basins, containing numerous leaf impressions, fossil
plant reproductive structures and diverse pollen spectra. In 2007, an extremely well
preserved assemblages of fruits, seeds and flowers were found in the Zliv - Ridk4
Blana locality, preliminarily reported in this work. Plants of the Normapolles com-
plex predominate in the pollen assemblages, as well as in the fossil reproductive
structures. This work suggests that Budwaricarpus and Caryanthus, members of the
Normapolles complex, are closely related to extant Rhoiptelea, which is a sister
group of the recent Juglandaceae. Fossil insect eggs also occur in the Klikov For-
mation. Due to their similar shape and size, they are easily confused with small
fruits and seeds. Two species of fossil insect eggs, Palacoaldrovanda splendens and
Knoblochia cretacea, were originally misinterpreted as angiosperms seeds. They are
revised here - both species are interpreted in this work as fossil insect eggs. Based
on characters like perforated walls, and basal and apical projections, they appear
most similar to eggs of recent Lepidoptera and Phasmatodea. Palaeoecological
evaluation of the flora using CLAMP (Climate Leaf Analysis Multivariate Pro-
gram), NRL (Nearest Living Relative) and CoA (Coexistence Approach) shows
seasonally dry climate; mean annual temperature is believed to have been appro-
ximately 15 °C.
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1.

Uvod

Predklidana diserta¢ni préce je souborem ¢lanka zaméfenych na studium fosilii
klikovského souvrstvi. Novy materidl z lokality Zliv - Ridka Blana obsahuje mnoz-
stvi velmi dobfe zachovanych reproduktivnich orgdni rostlin a umoznil revizi né-
kolika dfive popsanych taxonu. Jejich revize tvofi nejvétsi Cast této disertacni préce,
kterd je dile doplnéna stru¢nym popisem nové ziskaného materidlu a paleoekolo-
gickou analyzou. Reproduktivni organy — plody, semena a kvéty, zachované jako
mezofosilie o velikosti okolo 1 mm, poskytuji zna¢né mnozstvi informaci o pa-
vodni rostling, véetné jejiho systematického zafazeni. Plody a semena jsou velikosti
i tvarem snadno zaménitelné s vajicky hmyzu, ktera se v klikovském souvrstvi také
nachdzeji.

Cile prace

Tato price je zaméfend na vyzkum kiidovych rostlin klikovského souvrstvi, které
tvofi bazalni a prostorové nejvyrazngjsi litostratigrafickou jednotku obou jihoces-
kych panvi.

1. Prvnim cilem je systematickd revize vybranych taxonu reproduktivnich orga-
nt rostlin. Tyto taxony jsou souddsti rozsdhlejsi sbirky, kterou popsal a pozdéji da-
roval Ndrodnim muzeu Ervin Knobloch (Knobloch & Mai 1986). Kolekce obsa-
huje téméf 100 druhi fosilnich rostlin, pfedevsim mezofosilii, popsanych pfevizné
z vrti a povrchovych vychozii v jiznich Cechich.

2. Druhym cilem je popis nového materialu z lokality Zliv-Ridk4 Blana sbirané-
ho v roce 2007. Tento materidl obsahuje velké mnozstvi dobfe zachovanych repro-
duktivnich orgnu rostlin s pfevahou semen a plodu krytosemennych rostlin. Vic
nez polovinu nové nalezenych taxond je mozné prifadit k jiz popsanym druhtim,
nicméné &dst predstavuje druhy nové.

3. Tretim cilem je paleockologické zhodnoceni fléry klikovského souvrstvi zalo-
zené na analyze CLAMP, kterd byla i soucdsti mé diplomové price. Analyza je do-
plnéna metodami CoA (coexistence Approach) a NRL (Nearest Living Relative).

Material a metodika

Studovany materidl ulozeny predevsim ve sbirkich Nédrodniho muzea, Praha
pochazi ze sbérti F. Némejce (makrofosilie) a E. Knoblocha (mezofosilie), ktery byl
doplnén vlastnimi sbéry z roku 2007 (mezofosilie z lokality Zliv-Ridka Blana). Ke
studiu byl pouzit téZ materidl ulozeny ve sbirkdch Ceské geologické sluzby. Detail-
ni popis materidlu je uvedeny v jednotlivych publikacich (Hefmanova ez a/ 2011,
2013; Hefmanovd & Kvacek 2010, 2012; Vichova & Kvacek 2009).

5]



Z. Hetmanowva: Systematika a paleockologie svrchnokiidovych rostlin klikovského souvrstvi v jiznich Cechach

Novy materidl z lokality Zliv-Ridk4 Blana byl ziskin z $edého jilovece maceraci
a plavenim. Organicky zbytek byl ¢istén pomoci kyseliny fluorovodikové, chloro-
vodikové a destilované vody. Materidl ze sbirky E. Knoblocha, pokud to zacho-
vani vyzadovalo, byl ¢istén stejnym zptlisobem. Fosilie byly studovany pod stereo-
skopickym mikroskopem Olympus SZX 12. Vzorky ke studiu pod rastrovacim
elektronovym mikroskopem (Hitachi S4300, Hitachi S3700 a JEOL JSM 6380)
byly montoviny na nosice a pak pokryty tenkou vrstvou zlata. Ke studiu vnitfnich
struktur druhu Budvaricarpus serialis byla pouzita metoda SRXTM (Synchrotron
radiation X-ray tomographic microscopy). Vyzkum probéhl v Swiss Light Source
of the Paul Scherrer Institut ve SV}?carsku pomoci techniky popsané Donoghuem
et al. (2006). Vysledna data byla zpracovina programem Aviso pro trojrozmérné
vizualizace. Cerné pozadi na vsech fotografiich bylo pfidino v programu Adobe
Photoshop CS3.

Pro paleoekologickou rekonstrukei podnebi fléry klikovského souvrstvi jsme po-
uzili dvé hlavi metody: metodu nejblizsiho Zijiciho pfibuzného (NRL) (Mosbru-
gger, 1999) a metodu CLAMP (Climate Leaf Analysis Multivariate Program)
(Spicer 2006; Wolfe 1990, 1993) zalozenou na fyziognomii listd. Jednou z novéj-
§ich metod NRL je i CoA Coexistence Approach (Mosbrugger & Utescher, 1997).

Vysledky a diskuse

Systematicka revize taxou Budvaricarpus serialis Knobloch et Mai, ktery byl pu-
vodné popsin jako samostatny plod, ukazala, Ze jde ve skutecnosti o souplodi tii
nebo ¢ty vedle sebe rostoucich plodu, kde se prostiedni plody vyvijeji z oboupo-
hlavnich kvétd a krajni plody se vyvijeji z jednopohlavnych kvéta. Celé plodenstvi
je podepfené jednim spole¢nym listenem. Na zakladé pyla nalezenych v apikélnich
&astech plodu byl Budwvaricarpus zafazen mezi ¢leny normapolového komplexu
(Friis ez al. 2006) a morfologické znaky ukdzaly jasnou podobnost s dne$nim taxo-
nem Rhoiptelea chiliantha Diels et Hand.-Mazz (Hefmanova ez a/. 2011).

Prvni aplnéjsi kus rodu Caryanthus, ¢len normapolového komplexu, byl nalezen
v novém materidlu z lokality Zliv-Ridka Blana. Ukazuje uspofadani kvétenstvi/
plodenstvi, které je velmi podobné rodu Budvaricarpus a do jisté miry i rodu En-
dressianthus a Normanthus, stejné tak i dne$nimu rodu Rhoiptelea. Podobnost téch-
to rodii poskytuje dalsi podklad pro interpretaci rostlin normapolového komplexu
jako pfedchided dne$nim ofesikovitych (Juglandaceae)(Hefmanova & Kvacek
2012).

Dva dalsi taxony, revidované v této disertaci, byly dosud povazované za pozis-
tatky krytosemennych rostlin. Nyni jsou vsak interpretované jako vajicka hmyzu.
Taxon Palaeoladrovanda splendens Knobloch et Mai byl povazovin za jasny dikaz
existence masozravych rostlin v obdobi kiidy (Anderson e# a/. 2005). Tato fosilie
v§ak postradd dulezité taxonomické znaky, jako rafe a mikropyle, které jsou cha-
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rakteristickd pro semena recentniho druhu Aldrovanda vesiculosa Linné. Naopak
znaky jako jsou sténa a apikélni a bazalni vystupek se fosilie vice podobaji dnesnim
vajickam hmyzu

Taxon Spirellea kvacekii (Knobloch) Knobloch et Mai byl pivodné povazovin za
semeno krytosemenné rostliny (Knobloch & Mai 1986). Velkd &ist rodu Spirellea
skutecné nejspi§ mezi krytosemenné rostliny nalezi. Studovany materidl Spire/lea
kvacekii (Knobloch) Knobloch et Mai se v§ak v dilezitych morfologickych zna-
cich, jako jsou bazdlni a apikdlni vystupek i perforace a stavba stény, vice podobd
vajickim hmyzu. Rozdily v botanickém a zoologickém nomenklatorickém kédu
v§ak neumoznili jednoduse reinterpretovat taxon Spirellea kvacekii jako zoologicky.
Podle zoologické nomenklatury by takovy taxon nebyl platny, protoze jeho holo-
typ by neukazoval znaky odpovidajici popisu. Proto byl pro tyto fosilie po védecké
revizi stanoven novy rod a druh Knoblochia cretacea Hefmanovd, Bodor et Kvacek
s novym holotypem (Hefmanovid ez al. 2013).

Palacoklimatickd analyza klikovskéhou souvrstvi pomoci metod CLAMP,
LMA a CoA ukazuje, Ze tato fléra rostla v sezénné suchém subtropickém podne-
bi. Primérnd ro¢ni teplota se pohybovala okolo 15° C (Vichova & Kvacek 2009).

Novy materidl z lokality Zliv-Ridk4 Blana poskytl velké mnozstvi velmi dobfe
zachovanych mezofosilii. Systematické zafazeni fosilniho materidlu z této lokality
je podobné ostatnim mezofossilnim flordim Evropy (Friis ez al. 2011), které cha-
rakterizuje hojny vyskyt rostlin normapolového komplexu a mnozstvi druhi ze

skupiny Ericales.

5. Zavéry
Tato disertaéni prace sledovala tfi cile:
1. revizi vybranych druhi reproduktivnich orgdni rostlin klikovského sou-
vrstvi, 3
2. popis nového materidlu z lokality Zliv-Ridkd Blana,
3. paleoekologické vyhodnoceni klikovského souvrstvi.

Vsechny tii cile byly splnény.

6. Pouzita literatura

viz References
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1.

Introduction

This thesis is a compilation and synthesis of previously published papers. All
these papers are focused on plant fossils from the Klikov Formation. In 2007, new
material was discovered in the Zliv - Ridk4 Blana locality. The material yield a lot
of new, well-preserved plant reproductive structures, and allowed revision of sev-
eral previously described taxa. This revision comprises the major part of the thesis,
which is accompanied by a brief description of the new material, and palaeoeco-
logical analysis. Reproductive structures, fruits, seeds and flowers are preserved as
mesofossils cca.1 mm in size, and provide important information on fossil plants,
including their systemic affinity. Insect eggs, which also occur in the Klikov For-
mation, are easily mistaken for fruits and seeds due to their similar shape and size.

Aims of the study

1. A systematic revision of selected plant reproductive structures from the Klik-
ov Formation is the first aim of this thesis. These mesofossils are part of the collec-
tion that E. Knobloch described (Knobloch & Mai 1986) and later donated to the
National Museum in Prague. The collection contains about 100 taxa from localities
and boreholes in South Bohemia.

2. A description of new material collected in 2007 at the Zliv-Blana locality is
the second aim of the thesis. This material contains a lot of very well preserved
plant reproductive structures, with a majority of angiosperm fruits, seeds and flow-
ers. More than half of these reproductive structures can be assigned to species or
genera already described from the Klikov Formation, or from other localities in
Europe (Knobloch & Mai 1986), but some of them probably represent new taxa.

3. A palacoecological evaluation of the flora is the third aim of the thesis.
CLAMP analysis is a fundamental tool for palacoecological research, and the au-
thor used this in her magister thesis on South Bohemian Late Cretaceous flora.
That study is extended here, using the coexistence method (CoA) and the Nearest
Living Relative method.

Material and methods

The studied material belongs to the National Museum in Prague, particularly
from collections by F. Némejc (macrofossils) and E. Knobloch (mesofossils). The
new material was collected in the Zliv - Ridkd Blana Quarry by the author and her
supervisor in 2007. Material belonging to the Czech Geological Survey was also
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studied. For detailed information about the material, see (Hefmanov4 et al. 2013,
2011; Hefmanov4 & Kvacek 2010, 2012; Viachova & Kvacek 2009). The mesofos-
sils were extracted from gray claystones by bulk maceration, followed by washing
on a 90-um sieve. After sieving, the organic residue was treated with hydrofluoric
acid and hydrochloric acid, rinsed in water and dried in air. The material from the
E. Knobloch collection was also cleaned, when required. Sorting and preliminary
studies were performed under a binocular microscope (Olympus SZX 12). Sam-
ples for electron microscope scanning were mounted on aluminum stubs using
nail polish, and coated with gold. The following scanning microscopes were used:
Hitachi S4300, S3700, Hitachi and JEOL JSM 6380. Internal structures were
studied using synchrotron-radiation x-ray tomographic microscopy (SRXTM),
performed on the TOMCAT beamline of the Swiss Light Source of the Paul
Scherrer Institut, Switzerland, using the technique described by Donoghue ez al.
(2006). An even, black background was prepared for all SEM micrographs in the
plates, using Adobe Photoshop CS3.

Palaeoclimatic analysis of the Klikov Formation flora were made using methods
of Leaf Margin Analysis (LMA)(Mosbrugger 1999), Climate Leaf Analysis Mul-
tivariate Program (CLAMP) (Spicer 2006; Wolfe 1990, 1993), the Nearest Living
Relative (NRL) and CoA coexistence approach (Mosbrugger & Utescher 1997)

Results and discussion

The fossil fruiting structure Budwvaricarpus serialis, originally described as tricar-
pellate fruit with three to four locules in a series (Knobloch & Mai 1983, 1984), is
here reinterpreted as a partial inflorescences (dichasium), with three to four flow-
ers enclosed in a common bract, and is recognized as a new member of the Nor-
mapolles complex (Friis et al. 2006). The general floral organization of Budvaricar-
pus is similar to that of extant Rhoiptelea chiliantha (Rhoipteleaceae)(Hefmanova
et al. 2011).

An inflorescence/infructescence of Caryanthus sp. from the clay pit at Zliv- Rid-
kd Blana represents the first more complete specimen of the genus Caryanthus,
showing the arrangement of flowers/fruits. It is similar to Budvaricarpus, to a less-
er degree also to Endressianthus, Normanthus and to the extant genus Rhoiptelea.
The similarity of these genera provides additional support for the interpretation of
Caryanthus as belonging to the juglandoid clade in the order Fagales (Hefmanova
& Kvacek, 2012).

Two species, interpreted in this thesis as fossil insect eggs, were previously de-
scribed as fossils angiosperm seeds. Palacoaldrovanda splendens was originally de-
scribed as a fossil seed of Cretaceous carnivorous plant (Knobloch & Mai 1984).
A reinvestigation of the fossil shows, that Palacoaldrovanda is distinct from seeds
of carnivorous plants in all diagnositc characters, such as the organization of the
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seed and the wall structure. Instead, several characters, such as apical and basal
projections indicate that the fossil is most likely an insect egg (Hefmanovd &
Kvacek 2010).

'The taxon Spirellea kvacekii was originally described as an angiosperm seed. The
majority of species of the genus Spirellea clearly represents remains of angiosperms.
However, the fossils described by Knobloch and Mai (1986) as Spirellea kvacekii
are distinct, particularly in having external walls perforated, and neither apex nor
basal projection showing any abscission scar or micropyle in the botanical sense.
Instead, it shows clear affinity to insects, especially Phasmatodea and Lepidoptera.
Attribution of these fossils to insects led us to designate the new taxon Knoblochia
cretacea Hefmanovi, Bodor et Kvacek (Hefmanovi et al. 2013).

Palacoecological evaluation of the flora using CLAMP, NRL and CoA shows
seasonally dry climate, mean annual temperature is believed to have been approxi-
mately 15°C (Vichova & Kvacek 2009).

The new material was discovered in the Zliv-Ridka Blana quarry, and provided
an excellent preserved diversified assemblage of mesofossils. The systematic com-
position of the Zliv-Ridk4 Blana mesofossil flora is also in agreement with other
mesofossil floras from Laurasia (Friis et al. 2011), with a diverse component re-
lated to the Normapolles group (Fagales) and with many taxa that appear to be
related to various families of the Ericales.

Conclusions
This thesis had three goals.

1. A systematic revision of selected plant reproductive structures was the first
aim of this thesis.

2. A description of the new material from the Zliv Ridka-Blana locality was
the second aim.

3. Palacoecological study of the Klikov Formation was the third aim of the
thesis.

All three goals have been met.
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