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Text-fig. 2. Zamites pateri J.KVA�ýEk  sp. nov.; Pecínov locality, holotype, No. NM-F 5185. a: Abaxial cuticle showing costal and 
intercostal zones, SEM micro-photograph, scale bar 100 µm. b: Abaxial cuticle, detail of syndetocheilic stoma, SEM micro-
photograph, scale bar 10 µm. c: Abaxial cuticle showing transversely oriented stomata, SEM micro-photograph, scale bar 50 µm. 
d: Abaxial cuticle, detail of syndetocheilic stoma showing ledges of guard cells, SEM micro-photograph, scale bar 10 µm. e: 
Abaxial cuticle showing costal ordinary cells seen from inside, SEM micro-photograph, scale bar 50 µm. f: External side of abaxial 
cuticle showing stoma sunken in a stomatal pit surrounded by papillae, SEM micro-photograph, scale bar 10 µm. g: External side 
of abaxial cuticle showing papillae, SEM micro-photograph, scale bar 100 µm. h: External side of abaxial cuticle showing detail of 
fused papillae, SEM micro-photograph, scale bar 10 µm.
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are 220–300 µm wide with syndetocheilic stomata (Text-
fig. 2b–d). Stomata are oriented perpendicularly to the leaf 
margin, typically arranged in 3–4 ill-defined rows (Text-figs 
1b, 2a). Externally, they are sunken in pits, surrounded by 2–5 
papillae (Text-fig. 2f). Their subsidiary cells are 27–35 × 55–
66 µm. Ordinary epidermal cells are isodiametric to elongate 
(15–25 × 28–40 µm), with straight anticlinal walls (Text-fig. 
2c). The external side of the cuticle shows numerous papillae, 
typically 4–5 per ordinary epidermal cell (Text-fig. 2i, h). 
They are so dense that they are sometimes fused, forming 
united groups (Text-fig. 2h).

D i s c u s s i o n . Zamites pateri is reminiscent of Zamites 
bayeri J.Kvaček, from the same Peruc-Korycany Formation 
in Praha Malá Chuchle (Knobloch and Kvaček 1997). 
They are similar in morphology of the pinnae. Zamites 
pateri differs from Z. bayeri in having pinnae attached 
to the dorsal part of the rachis. Further differences are in 
epidermal structures. Abaxial ordinary epidermal cells in the 
intercostal zones of the newly described species are nearly 
straight, bearing 3–5 papillae, whereas Z. bayeri shows 
ordinary cells more sinuously waved, bearing typically one, 
rarely several papillae per ordinary epidermal cell. Stomata 
of Z. bayeri in the marginal parts are occasionally oriented 
longitudinally to the leaf margin, whereas in Z. pateri they 

are always perpendicularly oriented (Tab. 1). Furthermore, 
Z. bayeri does not have preserved any mesophyll tissues. 
Additionally, Z. bayeri comes from calcareous substrates 
of Barrandian limestones, whereas Z. pateri comes from 
silicate substrates of Carboniferous clastic.

Discussion about other similar impression material, 
including Zamites bohemicus Velen. described from the 
Peruc-Korycany Formation by earlier authors was published 
in detail by Knobloch and Kvaček (1997), and therefore not 
discussed here.

Z. pateri resembles some Zamites species described 
from the English Wealden by Watson and Sincock (1992). 
It particularly shares characters with Z. dowellii J.Watson 
et Sincock, Z. corderi J.Watson et Sincock and Z. nicolae 
J.Watson et Sincock in having long and narrow pinnae. 
Zaimets dowellii is similar in possessing papillae on the 
abaxial cuticle, but differs from the present material in having 
stomata on the adaxial cuticle, thus being amphistomatic. 
Additionally, its abaxial cuticle shows stomata with clearly 
sinuous anticlinal walls. Zamites corderi differs from 
Z.  pateri in lacking papillae on the abaxial side, while its 
cuticle shows ordinary epidermal cells with conical trichome 
bases and well-developed sinuous anticlinal walls. Zamites 
nicolae differs from Z. pateri in having abaxial ordinary cells 

Table 1. Comparison of Zamites pateri with related species.

species shape of pinnae
orientation 
of stomata

anticlinal walls 
of abaxial 

cuticle

number 
of papillae per 

ordinary cell on 
abaxial cuticle

cells of adaxial 
cuticle

hypodermis source

Zamites pateri
linear to 
narrowly 
lanceolate

perpendicular in 
all cases

sinuous in all 
cases

3–5
weakly defined, 
nearly invisible

present this paper

Zamites bayeri
linear to 
narrowly 
lanceolate

in inner part 
perpendicular, in 
marginal parts 
longitudinal

straight in 
intercostal areas

one to several
ordinary cells 
well-discernible

absent
Knobloch and 
Kvaček 1997

Zamites 
carruthersii

broadly oval to 
oblong

perpendicular in 
all cases

sinuous, in some 
cases straight in 
intercostal areas

one to several
ordinary cells 
well-discernible

present
Watson and 
Sincock 1992

Zamites manoniae
broadly oval to 
oblong

perpendicular in 
all cases

slightly and 
univenly sinuous

0 unknown absent
Watson and 
Sincock 1992

Zamites dowellii
narrowly 
lanceolate

perpendicular in 
all cases

usually sinuous, 
occasionally 
straight

1–2
ordinary cells 
well-discernible

absent
Watson and 
Sincock 1992

Zamites 
wendyellisae

triangular, 
narowly 
lanceolate

perpendicular or 
slightly oblique

strongly sinuous 
in all cases

0
ordinary cells 
well-discernible

present
Watson and 
Sincock 1992

Zamites coderi
linear to 
narrowly 
lanceolate

perpendicular or 
slightly oblique

inuous in all 
cases

0
ordinary cells 
well-discernible

absent
Watson and 
Sincock 1992

Zamites nicolae
narrowly 
lanceolate

perpendicular in 
all cases

moderately 
sinuous in all 
cases

1 weakly defined absent
Watson and 
Sincock 1992

Zamites tatianae
linear to 
narrowly 
lanceolate

perpendicular in 
all cases

sinuous in all 
cases

0
ordinary cells 
well-discernible

absent
Watson and 
Sincock 1992

Zamites 
notokenensis

oblong
orientation 
unknown

strongly sinuous 
in all cases

0
weakly defined, 
but discernible

absent
Watson and 
Sincock 1992

Zamites decurrens oblanceolate
perpendicular in 
all cases

straight in all 
cases

1
ordinary cells 
well-discernible

absent Menéndez 1966
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with sinuous anticlinal walls, and with only one papilla per 
ordinary cell. Zamites decurrens C.A.Menéndez from the 
Early Cretaceous of Argentina (Menéndez 1966) resembles 
Z. pateri in cuticle, having stomata perpendicularly oriented, 
forming rows and belts. It differs from Z. pateri in having 
spatulate pinnae. Its adaxial cuticle is thicker, consisting of 
uniform elongated cells. Its abaxial cuticle shows less dense 
stomata, forming regular rows (Tab. 1).

Other Early Cretaceous species of Zamites from the English 
Wealden show more profound differences from Z. pateri: Z. 
carruthersii Seward and Z. manoniae J.Watson et Sincock 
differ in having narrowly to broadly oval pinnae with rounded 
bases and bluntly rounded apex; Z.  wendyellisae J.Watson 
et Sincock differs in having pinnae triangular in outline; Z. 
notokenensis J.Watson et Sincock and Z. tatianae J.Watson 
et Sincock differ in having smooth or tuberate but not papillate 
external side of abaxial cuticle (Watson and Sincock 1992). 
Further differential characters in epidermal micromorphology 
of the discussed species are shown in Table 1.

Remarks on palaeoecology

The Bennettitales are good indicators of palaeoenvironment. 
Zamites pateri is preserved as a leaf fragment mirroring 
its allochthonous nature, probably having been delivered 
to the sedimentary basin from upland. Its mesophytic 
to xerophytic physiognomy is underpinned by its thick 
coriaceous pinnae with additional micromorphological 
characters, such as numerous papillae and thickly cutinised 
stomata. We consider the studied compression specimen to 
be an uncommon example of upland vegetation that was 
found in an allochthonous position in fluvial sediments. The 
same can be stated about Cycadeoidea sp., recovered from 
unit 5 of the Pecínov quarry. Its detailed description will be 
published elsewhere.

Acknowledgements

I am particularly grateful to Jaromír Váňa who 
collected the specimen, Lenka Váchová (National Museum, 
Prague, the Czech Republic) for technical assistance with 
photography, Martin Mazuch (Faculty of Sciences, Charles 
University in Prague) for technical assistance with SEM, and 
Petr Daneš for English editing. I am also grateful to workers 
of the Pecínov quarry for their long-term cooperation and 
support of our field work. Additionally, I highly appreciate 
suggestions of reviewers Johanna van Konijnenburg-van 
Cittert and Evelyn Kustatscher. This research was supported 
by the Czech Ministry of Culture (IP DKRVO 2019-2023 
2.II.d, National Museum, 00023272).

References

Barale, G. (1981): La paléoflore Jurassique du Jura Français: 
Étude systématique, aspects stratigraphiques et paléo- 
écologiques. – Documents des Laboratoires de géologie, 
Lyon, 81: 1–467.

Blomenkemper, P., Kerp, H., Abu Hamad, A., DiMichele, 
W. A., Bomfleur, B. (2018): A hidden cradle of plant 

evolution in Permian tropical lowlands. – Science, 362: 
1414–1416.

	 https://doi.org/10.1126/science.aau4061
Blomenkemper, P., Bäumer, R., Backer, M., Abu Hamad, A., 

Wang, J., Kerp, H., Bomfleur, B. (2021): Bennettitalean 
leaves from the Permian of equatorial Pangea – the early 
radiation of an Iconic Mesozoic gymnosperm group. – 
Frontiers in Earth Science, 9: 652699 (14 pp.).

	 https://doi.org/10.3389/feart.2021.652699
Brongniart, A. T. (1828): Prodrome d’une histoire des végé-

taux fossiles. – F. G. Levrault, Paris, 223 pp.
Cuneo, R., Escapa, I. H., Villar de Seoane, L., Artabe, A., 

Gnaedinger, S. (2010): Review of the Cycads and Ben- 
nettitaleans from the Mesozoic of Argentina. – In: Gee, 
C. (ed.), Plants in Mesozoic time: morphological innova-
tions, phylogeny, ecosystems. Indiana University Press, 
Bloomington, pp. 187–212.

Engler, A. (1892): Syllabus der Vorlesungen über speciel-
le und medicinisch-pharmaceutische Botanik. Eine 
Übersicht über das gesammte Pflanzensystem mit 
Berücksichtigung der Medicinal- und Nutzpflanzen. – 
Gebrüder Borntraeger, Berlin, 184 pp.

	 https://doi.org/10.5962/bhl.title.69853
Friis, E. M., Crane, P. R., Pedersen, K. R. (2011): Early 

flowers and angiosperm evolution. – Cambridge Univer-
sity Press, Cambridge, 585 pp.

	 https://doi.org/10.1017/CBO9780511980206
Harris, T. M. (1969): The Yorkshire Jurassic flora. III. Ben-

nettitales. – British Museum (Natural History), London, 
186 pp.

Herendeen, P. (2022): Report of the Nomenclature Commit-
tee for Fossils: 15. – Taxon, 71(7): 228–229.

	 https://doi.org/10.1002/tax.12668
Knobloch, E., Kvaček, J. (1997): Bennettitalean and coni-

feralean (?) leaves from the Cretaceous (Cenomanian) 
of the Bohemian Massif, Central Europe. – Cretaceous 
Research, 18: 567–586.

	 https://doi.org/10.1006/cres.1997.0074
Kustatscher, E., Ash, S. R., Karasev, E., Pott, C., Vajda, 

V., Yu, J., McLoughlin, S. (2018): Flora of the Late 
Triassic. – In: Tanner, L. (ed.), The Late Triassic world – 
Earth in a time of transition (Topics in Geobiology, vol. 
46). Springer, New York, pp. 545–622.

	 https://doi.org/10.1007/978-3-319-68009-5_13
Kvaček, J. (1995): Cycadales and Bennettitales leaf compre-

ssions of the Bohemian Cenomanian, Central Europe. – 
Review of Palaeobotany and Palynology, 84: 389–412.

	 https://doi.org/10.1016/0034-6667(94)00093-Y
Kvaček, J., Coiffard, C., Gandolfo, M., Herman, A. B., Leg-

rand, J., Mendes, M. M., Nishida, H., Ge, S., Wang, H. 
(2020): When and why nature gained angiosperms. – In: 
Martinetto, E., Tschopp, E., Gastaldo, R. A. (eds), Nature 
through time. Springer, Cham, pp. 129–158.

	 https://doi.org/10.1007/978-3-030-35058-1_5
Lindley, J., Hutton, W. (1835): The fossil flora of Great Britain, 

or figures and descriptions of the vegetable remains found 
in a fossil state in this country, vol. III, fasc. 17, 18. – James 
Ridgway and sons, London, pp. 1–72, pls 157–176.

	 https://doi.org/10.5962/bhl.title.102097
Lozano-Carmona, D. E., Velasco, P. (2021): Bennettital-

es from the Middle Jurassic of northwestern Oaxaca,  



431

Mexico: Diversity, sedimentary environments, and phyto- 
geography. – Journal of South American Earth Sciences, 
110: 103404 (17 pp.).

	 https://doi.org/10.1016/j.jsames.2021.103404
McLoughlin, S., Pott, C., Sobbe, I. H. (2017): The diver-

sity of Australian Mesozoic bennettitopsid reproductive 
organs. – Palaeobiodiversity and Palaeoenvironments, 
98(3): 71–95.

	 https://doi.org/10.1007/s12549-017-0286-z
Menéndez, C. A. (1966): Fossil Bennettitales from the Ticó 

flora, Santa Cruz Province, Argentina. – Bulletin of the 
British Museum (Natural History), 12(1): 3–42.

	 https://doi.org/10.5962/p.313885
Morris, J. (1841): Remarks upon the recent and fossil Cyca-

daceae. – Annals and Magazine of Natural History, 7(1): 
110–120.

	 https://doi.org/10.1080/03745484109442674
Němejc, F. (1968): Paleobotanika, III [Paleobotany, vol. 

III]. – Academia, Praha, 474 pp. (in Czech)
Pott, C., Guhl, M., Lehmann, J. (2014): The Early Creta-

ceous flora from the Wealden facies at Duingen, Ger- 
many. – Review of Palaeobotany and Palynology, 201: 
75–105.

	 https://doi.org/10.1016/j.revpalbo.2013.10.002
Pott, C., Schmeißner, S., Dütsch, G., Van Konijnenburg-van 

Cittert, J. H. A. (2016): Bennettitales in the Rhaetian flo-
ra of Wüstenwelsberg, Bavaria, Germany. – Review of 
Palaeobotany and Palynology, 232: 98–118.

	 https://doi.org/10.1016/j.revpalbo.2016.04.010
Rudall, P. J., Bateman, R. M. (2019): Leaf surface develop-

ment and the plant fossil record: stomatal patterning in 
Bennettitales. – Biology Letters, 94(3): 1179–1194.

	 https://doi.org/10.1111/brv.12497

Sender, L. M. (2018): Cycadeoidea marylandica (Bennetti-
tales) from the late Albian of Spain and its palaeophyto-
geographical implications. – Geobios, 51(6): 591–596.

	 https://doi.org/10.1016/j.geobios.2018.05.002
Taylor, E. L., Taylor, T. N., Krings, M. (2009): Paleobota-

ny: The biology and evolution of fossil plants (2nd ed.). – 
Academic Press, Burlington, London, San Diego, New 
York, 1230 pp.

Uličný, D., Kvaček, J., Svobodová, M., Špičáková, L. 
(1997): High-frequency sea-level fluctuations and plant 
habitats in Cenomanian fluvial to estuarine successions: 
Pecínov quarry, Bohemia. – Palaeogeography, Palaeocli-
matology, Palaeoecology, 136: 165–197.

	 https://doi.org/10.1016/S0031-0182(97)00033-3
Watson, J., Sincock, C. A. (1992): Bennettitales of the Eng-

lish Wealden. – Monographs, Palaeontographical Socie-
ty, London, 145(588): 1–228, 23 pls.

	 https://doi.org/10.1080/25761900.2022.12131771
Willis, K. J., McElwain, J. C. (2002): The evolution of 

plants. – Oxford University Press, Oxford, New York, 
378 pp.

Yamada, T. (2009): Structurally preserved Zamites bayeri 
Kvaček from the Coniacian Kashima Formation (Yezo 
Group) of Hokkaido, Japan. – Cretaceous Research, 
30(5): 1301–1306.

	 https://doi.org/10.1016/j.cretres.2009.07.007
Zijlstra, G., Van Konijnenburg-van Cittert, J. H. A. (2020): 

Proposal to conserve the name Zamites (fossil Cycado-
phyta: Bennettitales) with a conserved type. – Taxon 
69(5): 1122–1123.

	 https://doi.org/10.1002/tax.12343


