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Vyzkum reproduktivnich organt kiidovych rostlin a jejich interpretace jsou diilezitou soucasti
studia systematiky a evoluce fosilnich rostlin. Reproduktivni organy soustfed’uji nejvice
autapomorfnich znakl téchto rostlin. Jejich studium je kliové pro zjisténi systematické
pfislusnosti. Sterilni organy jsou obvykle nositeli celé fady konvergentnich analogickych
znaki, které systematické zafazeni spiSe komplikuji. Reproduktivni organy na druhé strané
poskytuji obvykle mnohem vice homologickych znakl. Tento jev je zplsoben relativné vyssi
citlivosti reproduktivnich organt k evolu¢nim tlakiim a jejich vyssi sensitivitou ke zménam
vnéjsich podminek.

Soucasny pokrok v laboratornich technologiich zaméfenych piedev§im na
nedestruktivni vyzkum (pfedevSim rentgenova a neutronové radiografie, Karch et al. 2017)
astejny progres v modernich zobrazovacich metodach (Keklikoglou et al. 2019)
napomaha tomu, aby z dobfe zachovanych fosilii bylo mozné ziskat maximum taxonomicky
dualezitych informaci. VSechny morfologické znaky ziskané diikladnou morfologickou a pokud
mozno 1 anatomickou analyzou tvoii ve svém souctu zdkladni matrix pro systematickou
analyzu (Kvacek et al. 2016).

Hlavnim cilem vyzkumu reproduktivnich organti fosilnich rostlin tak ziistava predevsim
jejich spravna interpretace, kterd je zdkladem pro systematické zatazeni fosilni rostliny.

Kapradiny a nahosemenné rostliny v kiidé zaznamenaly velky evolu¢ni posun od
druhohornich taxoni k taxoniim soucasnym.

Z kapradin se v ktid¢€ pocina rozvoj Celedi Polypodiaceae, z konifer jde o Cupressaceae
a Pinaceae. Nejvice se vSak vyvoj projevil u krytosemennych rostlin, které maji ve spodni kiidé
svilj pocatek. Rozvoj bazéalnich angiosperm miiZzeme sledovat od valanginu do cenomanu,
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rozvoj vyssich (tzv. eudikotylnich) angiosperm od baremu do konce kiidy.

soustiedénd do sorti nebo synangii. Ve sttedoevropské kiidé byl dokumentovan rozvoj celedi
Matoniaceae a Schizaeaceae. Matoniaceae zastoupené rodem Konijnenburgia a Monheimia
Kvacek a Daskova 2010, Herman a Kvacek 2010) maji klinovita sporangia uspotfadand radialné,
kryty jsou masivnim indusiem. Celed” Schizaeaceae dokumentovana rodem Schizaeopsis je

charakterizovana cikatrikbznimi sporami rodu Apendicisporites nalezenymi in situ ve



vietenovitych sporangiich umisténych v fadach v termindlnich c¢astech Ukrojki hluboce
délenych listi (Kvacek et al. 2006). Ze svrchni kiidy Antarktidy jsou popsana synangia
nalezejici druhu Marattiopsis vodrazkae z celedi Marattiaceae (Kvacek 2014, Kvacek a
Vodrazka 2015).

Ze skupiny cykast je pro svrchni kiidu stiedni Evropy charakteristicky vyskyt samic¢ich
Sistic Microzamia gibba (Kvacek 1997b). Z jinanti se v ¢eském cenomanu vyskytuje fosilni rod
Nehvizdyella, ktery je charakteristicky asociovanymi samicimi organy Nehvizdyella bipartita
a listy Eretmophyllum obtusum (Kvacek et al. 2005).
ktida je typicka vyskytem celedi Cupressaceae (Stockey et al. 2005), ale také ptitomnosti ¢eledi
Araucariaceae a Podocarpaceae, které maji v soucasnosti své vyskyty pfevazné na jizni
polokouli. Zvlastni pozici zaujima konifera Alvinia s olisténim Frenelopsis néalezejici v kiide
reliktni, dnes vymfelé ¢eledi Cheirolepidiaceae. Z ¢eského cenomanu jsou popsany jeji samci
SiStice vyrustajici na sterilnich vétvich aizolované se vyskytujici rozpadavé samici SiStice
Alvinia (Kvacelk 2000b). Na zaklad¢ mikrostruktur samiéi §iStice se predpoklada, ze tyto
konifery byly entomofilni (Labandeira et al. 2007). Svrchnoktiidové konifery z celedi
Cupressaceae charakterizuje napi. Sphenolepis pecinovensis, ktery je dokumentovan na zakladé
samcich a samicich $istic a sterilniho olisténi (Kvacek 1997a). Jeho samici §iStice maji typicky
peltatni komplexy formované semennou a podpiirnou Supinou.

Samci Sistice Celedi Araucariaceae piedstavuje rod Rabagostrobus popsany ze spodni
kiidy Spanélska (Kvadek et al. 2018). Samiéi §istice Podocarpaceae byly popsany ze spodni
ktidy Portugalska jako novy rod Friisia (Mendes a Kvacek 2020).

Doposud malo znamou skupinu gymnosperm fadu Erdamanithecales ptedstavuje rod
Bayeritheca z Ceského cenomanu. Velké valcovité samci SiStice Bayeritheca nesou pyl typu
Eucomiidites nalezeny in situ (Kvacek a Pacltova 2001).

Bazalni  angiospermy  z ¢eského  cenomanu  jsou  zastoupeny  rodem
Pseudoasterophyllites, ktery je interpretovan jako spojovaci ¢lanek celedi Chloranthaceae
a Ceratophyllaceae. Rod Pseudoasterophyllites je charakterizovan jednosemennym plodem

s ptisedlou §térbinovitou bliznou. Pyl je soustfedén v mohutnych fotosyntetizujicich prasnicich,



které vyrustaji po jednom v pazdi listenu. Prasniky s listeny nasedaji ve Sroubovici na kratkou
osu kvétenstvi. Pyl je typu Tucanopollis. Od tohoto rodu zndme sam¢i i samic¢i kvéty vyrtstajici
na olisténych vétévkach. Listy jsou jednoduché, ¢arkovité a pravdépodobné duznaté (Kvacek
et al. 2012, 2016). Z sirSiho okruhu ¢eledi Chloranthaceae je z ¢eského cenomanu popsan rod
Zlatkocarpus, ktery méa rovnéz jednosemenné plody, soustiedéné vSak ve slozenych
plodenstvich. Na jeho bliznach byl nalezen ve vétSim poctu pyl typu Retimonocolpites (Kvacek
a Friis 2010). Ukazkou vyvojové pokrocilého reproduktivniho organu z fadu Fagales je
plodenstvi rodu Budvaricarpus ze svrchni kiidy jihoCeskych panvi. Na jeho povrchu byl
nalezen pyl Plicapollis, ktery patii do skupiny Normapolles (Hefmanova et al. 2011).

Pti aplikaci celostniho pfistup, tzn. pifi rekonstrukci celé rostliny, hraji reprodukéni
organy opé&t zasadni ulohu. Cela rostlina je rekonstruovdna s maximalnim poctem asociovanych
organti. Takto byly autorem rekonstruovany nasledujici kiidové rostliny Konijnenburgia:
Konijnenburgia (fertilni listy) — Nathorstia (sterilni listy) — Matonisporites (spory) (Kvacek a
Daskova 2010); Monheimia: Monheimia (fertilni a sterilni listy) — Matonisporites (spory)
(Herman a Kvacek 2010); Dammarites: Dammarites (Sistice) — Krannera (listy) (Karch et al.
2017); Nehvizdyella: Nehvizdyella (sami¢i reproduktivni organ) — Eretmophyllum (listy) —
Cycadopites (pyl) — Pecinovicladus (brachyblast) — Ginkgoxylon (dfevo) (Kvacek et al. 2005);
Alvinia: Frenelopsis (sterilni vétvicky a listy) — Alvinia (samici SiStice) — Classopollis (pyl)
(Kvacek 2000); Rabagostrobus: Rabagostrobus (samci Sistice) —Brachyphyllum obesum (listy,
vétve) — Araucariacites (pyl) (Kvacek et al. 2018); Callialastrobus: Callialastrobus (samci
SiStice) — Callialasporites, Araucariacites (pyl) (Kvacek a Mendes 2020); Sphenolepis
pecinovensis: Sphenolepis pecinovensis (samici a samci Sistice, listy) — Taxodiaceaepollenites
(pyD) (Kvacek 1997a); Bayeritheca: Bayeritheca (samci SiStice) — Eucomiidites (pyl) (Kvacek
a Pacltova 2001); Pseudoasterophyllites: Pseudoasterophyllites (sam¢i a samici reproduktivni
struktury — kvéty, plody, praSniky, listy, sterilni osy) — Tucanopollis (pyl) (Kvacek et al. 2012,
2016); Zlatkocarpus: Zlatkocarpus (sami¢i reproduktivni struktura, plod) — Araliphyllum
(listy) — Retimonocolpites (pyl) (Kvacek a Friis 2010); Mauldinia: Mauldinia (kvétenstvi, kvét)
— Grevilleophyllum (listy) — Paraphyllantoxylon (dfevo) (Eklund a Kvacek 1998);
Pragocladus: Pragocladus (kvétenstvi, kvét) — Pandemophyllum (listy) — Paraphyllantoxylon



(dievo) (Kvacek a Eklund 2003); Platananthus: Platananthus (kvétenstvi, kvét) —
Ettingshausenia (listy) — Icacinoxylon (dfevo) — Retitricolpites — (pyl) (Kvacek 2003).

Takto rekonstruované rostliny lze pouzit v botanickych, paleoekologickych,
paleoklimatickych  isedimentologickych  a stratigrafickych ~ vyzkumech.  Vysledné
rekonstruované rostliny jsou pak ve spolupraci s vytvarniky pfipravovany v podob¢ kreseb
a vizualizaci. DokonCené obrazy se stavaji dulezitymi predméty vyuky a popularizace na
vystavach a v multimedialnich prezentacich. Souhrnné védecké vysledky prace jsou zdrojem
informaci pro ucebni texty. Autorovy vyzkumy tak byly nedavno publikovany jako soucast

ucebnice ,,Nature through Time®, kterd vysla letos v nakladatelstvi Springer (Kvacek et al.

2020).
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English summary

Reproductive structures provide the highest number of autapomorphies in fossil plants, and
their study is key for understanding fossil plant systematics. This phenomenon is caused by the
relatively higher sensitivity of reproductive organs to evolutionary pressures and changes in the
environment. Their sterile organs, on the other hand, are usually subject to numerous
morphological convergences that complicate their interpretation in terms of systematics.

Present advances in laboratory technologies are focused on non-destructive methods -
X-ray and neutron radiography. Similar advances have taken place in modern imaging methods.
All these methods aim to extract from well-preserved fossils as much taxonomically important
information as possible. The characters obtained from detailed morphological and anatomical
analyses form a basic, essential matrix for systematic analysis. The last step in the process of
interpretation (reconstruction) of each fossil plant is its correct systematic assignment.

The Cretaceous period saw dramatic shifts in the plant world. Ferns and gymnosperms
experienced substantial evolutionary transitions from the Mesozoic to modern taxa.

Among ferns, the Cretaceous is the time of the appearance of Polypodiaceae (in mid-
Europe present only in dispersed spectra). Ferns bearing reproductive structures from the mid-
European Cretaceous are assigned to the Matoniaceae and Schizaeaceae families. Sporangia in
Konijnenburgia and Monheimia (Matoniaceae) are wedge-shaped, radially arranged, forming
sori covered by robust indusia. The Schizaeaceae family is represented by the genus
Schizaeopsis, showing cicatricose spores of the Apendicisporites type, occurring as spindle-
shaped sporangia arranged in rows in the terminal parts of the dissected leaves.

The most important reproductive structure among the Late Cretaceous cycads from mid-
Europe is the ovuliferous cone Microzamia gibba. It represents one of the earliest records of
compact cones typical for extant Zamiaceae. The sole representative of ginkgophytes in the
Bohemian Cenomanian is the Nehvizdyella plant. It is characterised by several associated
organs — ovuliferous organ Nehvizdyella bipartita, leaves Eretmophyllum obtusum, pollen

Cycadopites, wood Ginkgoxylon and a short shoot Pecinovicladus.



Among Cretaceous conifers in Europe, there was a rapid evolution in Cupressaceae
and Pinaceae. However, there were conifers of Araucariaceae and Podocarpaceae that currently
occur in the Southern Hemisphere. The conifer Alvinia bearing Frenelopsis shoots is
noteworthy as a member of the extinct family Cheirolepidiaceae. In the Bohemian Cenomanian,
microsporangiate cones borne on shoots occur together with isolated ovuliferous cones and
cone-scale complexes. Based on micromorphology of the ovulate structures, arguments have
been presented that those conifers were entomophilous. The Bohemian Cenomanian
Cupressaceae are characterised e.g. by Sphenolepis pecinovensis, which shows ovuliferous and
microsporangiate cones and sterile shoots. The Spanish Lower Cretaceous contains
microsporangiate cones of Araucariaceae, assigned to the newly defined genus Rabagostrobus.
Ovuliferous cones of Podocarpaceae have been reported from the Early Cretaceous of Portugal
as a new genus Friisia. A microsporangiate cone Bayeritheca, from the Bohemian Cenomanian
bearing pollen of Eucommiidites type was identified as a member of still little-known group of
gymnosperms of the order Erdmanithecales.

The most important evolution happened in the Cretaceous among angiosperms. The
basal angiosperms experienced rapid evolution in the Valanginian-Cenomanian period;
eudicots evolved from the Baremian to the end of the Cretaceous. An angiosperm described
from the Bohemian Cenomanian is Pseudoasterophyllites. It is almost fully known, except for
roots. It is characterised by unilocular fruits with slit-like stigma. Its stamens are robust,
photosynthetic, and arranged in axils of bracts. The pollen is of Tucanopollis type. Both male
and female flowers are borne decusately on leafy twigs. Pseudoasterophyllites is interpreted as
a link between two groups of basal angiosperms - Chloranthaceae and Ceratophyllaceae.
Zlatkocarpus is another angiosperm described from the Bohemian Cenomanian as a
representative of the Chloranthaceae family, much reduced today, but containing many fossil
genera. It shows unilocular fruits arranged in compound infructescences. Its stigmas show
pollen grains of Retimonocolpites type. Eudicot reproductive structures are frequently found in
the Late Cretaceous strata in South Bohemia. The genus Budvaricarpus is a member of the

Normapolles Complex from the Fagalean clade. Its fructifications bear pollen of Plicapollis

type.



Reproductive structures are also important for whole-plant reconstructions. Numerous
whole plants were suggested as a part of the presented study: ferns Konijnenburgia, Monheimia,
ginkgophyte Nehvizdyella, conifers Dammarites, Alvinia, Rabagostrobus, Callialastrobus,
Sphenolepis pecinovensis, Bayeritheca, Pseudoasterophyllites, Zlatkocarpus plant, Mauldinia,
Pragocladus, Platananthus.

In cooperation with artists, reconstructions and visualisations are being prepared.
Paintings are important items for education and popularisation in exhibitions and multimedia
presentations. Comprehensive results of the presented study are resources of information for
textbooks. The above investigations were recently published as part of a textbook titled ,,Nature

through Time*. The publication was issued this year by the Springer editorial house.



