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4. Description of the achievements, set out in art. 219 par. 1 point 2 of the Act
4.1. Title of the academic achievement constituting the basis for the habilitation application

“CLIMATE AND ENVIRONMENTAL CONDITIONS IN THE DEVELOPMENT OF TRIASSIC
FLORA IN POLAND BASED ON MICROFLORISTIC RESEARCH”

4.1.1. Thematically related articles that make up the scientific achievement

1. Fijatkowska-Mader A., 1999. Palynostratigraphy, palaeoecology and palaeoclimatology of the
Triassic in South-Eastern Poland. Zentralblatt fiir Geologie und Paldontologie. Teil 1, 1998, H. 7-8:
601-627.

2. Fijatkowska-Mader A., 2013. Palynostratigraphy, palaeoecology and palaeoclimate of the Late
Permian and Triassic of the Nida Basin. Biuletyn Panstwowego Instytutu Geologicznego, 454: 15-
70 (in Polish with English summary).

3. Fijatkowska-Mader A., 2015. A record of climatic changes in the Triassic palynological spectra
from Poland. Geological Quarterly, 59, 4: 615-653.

DOI: http://dx.doi.org/10.7306/99.1239 (IF015=0.905).
The article obtained the Prize of the Director of PGI-NRI for the best article in Geological
Quarterly for 2015

4. Fijatkowska-Mader A. (70%), Jewuta K., Bodor E., 2020. Record of the Carnian Pluvial Episode in
the Polish microflora. Palaeoworld, 2020.03.006
DOI: https://doi.org/10.1016/j.palwor.2020.03.006 (IF 2020=1.447)

4.1.2. Discussion of the scientific purpose of the above-mentioned papers and the achieved results
4.1.2.1. Introduction

The aim of the research was to show, based on the differences in the spore-pollen assemblages,
how climate change and environmental conditions had influenced the development of the vegetation
cover in the Triassic in the area of extra-Carpathian Poland. The determination of the botanical
identity of most Triassic miospore species is possible due to long-term studies by palaeobotanists and
palynologists in the world. Therefore, despite the influence of a number of external factors, such as
transport, environmental conditions or subsequent post-depositional processes, based on microfloral
spectra it is possible to quite accurately reconstruct the composition of the original plant communities
growing in the areas, from which the material was delivered to the sedimentary basin.

There is a mutual relationship between spore-pollen spectra, palaeoclimate and palaeoenvironment.
On one hand, the composition of microfloral communities provides information about climate and the
environment. On the other hand, it is possible to infer about the potential types of plant ecosystems
based on climatic and environmental conditions resulting from other studies (e.g. clay minerals or
oxygen and carbon isotopes). The application of results gained from spore-pollen- analysis for
palaeoclimatic and palaeoenvironmental interpretations is a commonly used research tool. It was first
applied in 1916 by Lennart von Post for the Holocene peat of southern Sweden (Fries, 1967) and
turned out to be most useful for of the study of Quaternary climate (Birks, Bjorn, 2018). Over time,
spore-pollen analysis began to be used to determine the climate of increasingly older geological
periods. Visscher and Van der Zwan (1981) were the first to distinguish hygrophytic and xerophytic
miospore groups, characterising dry and humid climate, in the spore-pollen communities of the Late
Triassic (Carnian). The model was based on the assignment of miospores to specific parent plants and
the adoption of climate and environmental preferences of these plants based on the actuality principle.
Jelen and Kusej (1982) and Jereni¢ and Jelen (1991) used an extended version of this model with more
types of miospores in Late Triassic assemblages, whereas in one of my earlier papers (Fijatkowska,
19944, b), | had applied a modified version of the model for the first time to late Permian and Early
Triassic spectra. The results of the research conducted by palaeobotanists and palynologists around the
world on the botanical affiliation Triassic spores and pollen grains, as well as the environmental
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preferences of parent plants, enabled me to extend the PPC model to almost all types of miospores,
occurring in the Triassic spectra from Poland (Fijalkowska-Mader, 1999, 2013, 2015; Fijalkowska-
Mader et al., 2020, supplementary material) and I called it the ‘palyno-palaeoclimatic model — PPC’
(Fijalkowska-Mader, 2015).

The second model that I applied in my research (Fijatkowska-Mader, 2015; Fijatkowska-Mader
et al., 2020) was the ‘Sporomorph Ecogrup (SEG) model’, developed by Abbink (1998; Abbink et al.,
2004a, b) to conclude on the ecology of Jurassic plant communities. It is based on the ecological
preferences of extinct mother plants, determined on the basis of the principle of actualism, i.e.
analogies to the environmental predispositions of contemporary plants, and the characteristics of the
deposit. | have used this model to the Triassic miospore assemblages (Fijaltkowska-Mader, 2013,
2015; Fijalkowska-Mader et al., 2020).

The next step towards refining the interpretation of the climatic and environmental conditions of
plants and establishing the mutual relationship between particular plants was the use of the statistical
method known as the principal component analysis (PCA) to spore-pollen spectra. This method
allows, among others, to monitor the sensitivity of taxa to environmental conditions by limiting the
dataset only to those components (factors) that are responsible for taxa differentiation (Verhaegen et
al., 2018). In the case of Triassic spectra, it was first applied by Bonis and Kiirschner (2012). Their
research indicated which types of miospores coexist with each other, i.e. based on the similar
environmental preferences of their parent plants, and the factor (temperature, humidity, etc.) that
played the decisive role in the distribution of the mother plants. | have applied PCA to the Carnian
(Fijalkowska-Mader et al., 2020), late Permian and Early Triassic (Fijatkowska-Mader, Jewula,
2020; Jewuta et al., 2020a) miospore assemblages from Poland. The use of these methods allowed not
only to distinguish more humid and drier climate periods in the late Permian and Triassic of Poland,
but also to show how vegetation responded to climate change and resulting environmental changes. In
palaeoenvironmental reconstructions, | have also applied palynofacies analysis (Fijatkowska, 1994a,
1995; Fijatkowska-Mader et al., 2015a, b), but due to the specific nature of this research method |
have not included this aspect of my studies in the discussed scientific achievement

4.1.2.1. Regional setting

In the late Permian and Early Triassic (~259-247 Ma (age according to the International
Chronostratigraphic Chart 2020/03, the area of Central Europe and Poland constituted part of the
Pangea continent that was located between 18 and 23° N (Scotese, 2014; Map 48, 50), in the
convergence zone of the tropical Peritethian domain, and was characterised by monsoon climate with
marked seasonality of temperatures and rainfall (Kutzbach, Gallimore, 1989; Roscher, Schneider, 2006).
In the Triassic, this area gradually shifted northwards, to reach nearly 30° N (Scotese, 2014; Map 43)
in the Rhaetian (201.3-208.5 Ma), but still remained in the monsoon circulation zone (Kutzbach,
Gallimore, 1989). Humid climate prevailed in the late Olenkian, Ladinian, middle Carnian, late Norian
and Rhaetian, whereas dry climate dominated in the remaining periods of the Triassic (Hochuli,
Vigran, 2010; Paul, Pfuff, 2010; Haas et al., 2012; Fijalkowska-Mader, 2015; Fijalkowska-Mader et
al., 2020). Stressful conditions, both for the animal and plant communities, were caused by a climate
with high annual temperature and high precipitation amplitudes (Kiehl, Shields, 2005). These
conditions were enhanced during periods of increased tectonic and volcanic activity at the end of the
Permian and Triassic. These periods are associated with biotic crises and extinctions (e.g. Wignall,
2007; Hasselbo et al., 2002). However, there is no consensus among researchers regarding the impact
of the P/T crisis on terrestrial plant ecosystems. According to some views (e.g. Cascales-Mifiana et al.,

! publications that have been included in the scientific achievement are marked in bold
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2016), this crisis affected the flora, whereas according to other opinions (cf. Nowak et al., 2020), the
crisis did not cause major changes in the floral assemblages. The case is similar with the assessment of
the T/J crisis (e.g. Lindstrom, 2016; Lindstrom et al., 2019; Li et al., 2020 versus Barbacka et al.,
2017; Kustatscher et al., 2018). In any case, the microfloral assemblages from deposits across the
Permian/Triassic (e.g. Foster, Afonin, 2005; Looy et al., 2005; Fijatkowska-Mader, 2012, 2020) and
the Triassic/Jurassic (Lindstrém, van de Schootbrugge, 2018) boundaries point to severe
environmental stress.

In the Triassic, the area of Poland consituted the eastern part of an epicontinental basin that covered
the area of central and partly also western Europe, i.e. the Central European Basin, which was
connected with the Tethys Ocean throught the East Carpathian, Silesian-Moravian and Burgundy gates
(Szyperko-Teller, 1997; Gajewska, 1997; Szulc et al., 2015; Szulc, 2019). The largest subsidence in
the Polish part of the basin occurred within the Mid-Polish Trough. During the regressive phases, the
sea completely receded from the marginal parts of the basin and sedimentation took place in a
continental setting, in river beds, flood plains, deltas, alluvial plains, lakes, and swamps. In such
environments originated the terrigeneous deposits of the Lower and Middle Buntsandstein and Keuper
(Wagner, 1994; Dadlez et al., 1998).

In the Triassic, the area of Central Europe and Poland belonged to the Euro-American floristic sub-
province (Bernardi et al., 2017), also referred to as the Arctic-North Atlantic—Central Europe sub-
province (Kustatscher et al., 2018), which was part of the great Laurussia province, covering the
Northern Hemisphere. Ziegler (1990) introduced the concept of a biome for a plant—climate zone. The
area of Europe belonged to the subtropical biome with a humid summer and a diverse vegetation of
lycopods, horsetails, seed ferns, and subordinate Voltziales (Nowak et al., 2020). In the Early Triassic
(Induan-Olenekian) plant cover restored after the P/T biotic crisis dominated pioneer forms of the
Pleuromeiales producing spores of the genus Densoisporites (Grauvogel-Stamm, Ash, 2005). A
revival of conifers took place in the early Anisian, mainly Voltziales producing e.g.
Voltizaceaesporites and Triadispora pollen grains; they became the dominant component of the mid-
Triassic floristic communities (Dobruskina, 1994; Kiirschner & Herngreen, 2010). The conifers were
accompanied by seed ferns, cycads/bennettitaleans and ferns (Marattiales, Osmundales; Nowak et al.,
2020). A significant change in the plant ecosystems took place in the Ladinian, when the Marattiales
hygrophytic ferns, producing e.g. Leschikisporis spores, and the Selaginellales lycopods producing
Aratrisporites spores began to dominate (Kustatscher et al., 2012). Important for the evolution of
conifers was the appearance of the Family Chierolepidiaceae, producing characteristic, round, devoid
of air sacs Corollina/Classopollis pollen grains. Representatives of this family dominated the Norian
flora. A short-term pluvial event took place in the Carnian (the so-called Carnian Pluvial Episode),
which resulted in a more abundant appearance of hygrophytic forms, such as ferns, horsetails and
lycophytes, in the succession of generally xerophytic plant assemblages. An important component of
the assemblages was a cycad/beneettitalean producing Aulisporites pollen grains. Another significant
change of the plant cover from xero- to hygrophytic took place in the Rhaetian, when conifers gave
way to the taxonomically diverse Marattiales and Leptosporangiate ferns, seed ferns, Selaginellales
lycophytes and horsetails. Cycad/bennettitaleans were numerous at that time (Kustatscher et al., 2018).
A characteristic element of the Rhaetian miospore assemblages is the asaccate pollen grain
Riccisporites tuberculatus Lunblad produced by a ruderal conifer (Rothwell et al., 2000).

4.1.2.3. Research topic and study methods

The subject of the research were microfloral assemblages from the Triassic deposits in extra-
Carpathian Poland. The material came from 71 boreholes and two exposures (App. 1). In total, 173
pollen spore spectra were analysed. Among them, 33 assemblages were studied on the basis of T.
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Ortowska-Zwolinska’s palynological collections from the Geological Museum of the PGI-NRI in
Warsaw (App. 1). The remaining groups were analysed in my own palynological, gelatin-glycerine
slides, which are part of the collection of the Holy Cross Branch of PGI-NRI in Kielce. In most
samples, two slides from a given depth were analysed; 100 sporomorphs were the basis of a
quantitative analysis in each of them. In the case of poor samples, all sporomorphs were counted.
Later, the results were averaged. The analysis was performed under a Leitz Laborlux S transmitted
light biological microscope at 400 x magnification.

The palino-palaeoclimatic (PPC) model and the ‘Sporomorph Ecogrups’ (SEG) model developed
by Abbink (1998; Abbink et al., 2004a, b) were used for all microfloral assemblages. In addition, PCA
statistical analysis was applied for the Late Triassic assemblages from Poland, which belong to the
Porcellispora longdonensis and Aulisporites astigmosus palynological zones. The key for these
analyses was the relation of spores and pollen grains to the parent plants. For this purpose, | have used
extensive literature, which allowed assigning the vast majority of the studied sporomorphs to specific
plants or their groups (App. 2).

In the PPC model, sporomorphs are subdivided into the following 19 morphogroups: A — alete and
monolete spores, B — trilete laevigate and apiculate spores, C — trilete verrucate, reticulate and murornate
spores, D — trilete zonate and cingulate spores (without specimens of Densoisporites), E — Aratrisporites
spp. and F — Aulisporites spp., which represent hygrophytic elements; G — Densoisporites spp., H —
monosulcate pollen, | — Vitreisporites—lllinites group and J — asaccate pollen (without circumpollen),
which are intermediate elements; K — Ovalipollis spp., L — alete bisaccate pollen, M — taeniate bisaccate
pollen, N — Triadispora spp., O — other trilete bisaccate pollen, P — vesicate pollen, R — monosaccate
pollen, S — circumpollen and T — Porcellispora spp., which represent xerophytic elements. | have
extended the model compared to the original concept of Visscher and van der Zwan (1981) with four
morphological groups: F, G, | and O, which came from the fact that my model comprised all Triassic
spectra, not only those from the Carnian, on the basis of which the original model was developed.

The SEG model was used for palaeoenvironmental interpretations; it combines dispersed spores
and pollen grains with floristic communities occupying specific environmental niches. Four ecogroups
were distinguished in the late Permian and Triassic spore-pollen assemblages: upland-hinterland,
lowland and river, coastal and undefined. The assignement of miospore types to particular ecogroups
(SEGs) is shown in Table 1, which is extended, compared to the original model, to include taxa not
present in the Jurassic. Compared to Abbink’s (1998) study, | have distinguished more types
indicating drier (d) and wetter (w) environmental and climatic conditions within the Lowland and
River Ecogroups. Based on the mutual relations of their percentage contribution, the w/d ratio was
counted.

Principal component analysis (PCA) was performed in cooperation with Karol Jewuta and Emese
Bodor; who applied statistical processing of my database. The database contains information on the
content of miospore genera in all tested samples from the late Permian to the Early Triassic
(Fijalkowska-Mader, Jewula, 2020a, supplementary materials) and the Carnian (Fijalkowska-
Mader et al., 2020). To avoid possible statistical bias related to the number of counted miospores, the
values of each dataset for PCA have been calculated as percentages of the sum of taxa (see Scott et al.,
2012). The dataset was preconditioned and the center log ratio transformation (clr) was applied in
order to avoid the constant-sum problem on the closed (i.e., normalised to 100%) dataset and to
minimise the spurious autocorrelation problem (Tolosana-Delago, 2012). For filtering purposes, taxa
with a minimum of 3% abundance in at least one sample were used for clr-transformation and further
statistical analysis. All null values were replaced with 0.01% to allow logarithmic transformation of
the dataset. This transformation was performed with application of CoDaPack software (Thio-
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Henestrosa, Martin-Fernandez, 2005), whereas PCA with the variance-covariance matrix was
performed with PAST statistical software (Hammer et al., 2001). Loading and score plots were
interpreted using the methodology of Scott et al. (2012).

Tab. 1. Assignement of miospore genera to particular ecogroups (SEGS)

Ecogroup
(SEG)

Miospore genera

1.Upland -
Hinterland

(xerophytic)

Accinctisporites, Alisporites, Angustisulcites, Brachysaccus, Cedripites,
Cordaitina, Corollina, Duplicisporites, Ellispovelatisporites, Enzonalasporites,
Falcisporites, Granuloperculatipollis, Heliosacuus, Illinites, Infernopollenites,
Klausipollenites, Kugelina, Labiisporites, Limitisporites, Lueckisporites,
Lunatisporites, Microcachryidites, Minutosaccus, Nuskoisporites, Ovalipollis,
Parillinites, Partitisporites, Perisaccus, Platysaccus, Podosporites,
Potonieisporites, Praecirculina, Protohaploxypinus, Rhaetipollis, Striatoabietites,
Striatipodocarpites, Strotersporites, Triadispora, Tsugaepollenites, Vesicaspora,
Vittatina, Voltziacaesporites

2.Lowland
and River

(hygrophytic)

Acanthotriletes, Anapiculatisporites (w), Apiculatisporis (w), Aratrisporites,
Aulisporites, Baculatisporites (w), Calamospora (w), Camarozonosporites,
Carnisporites, Chasmatosporites (d), Concavisporites (w), Concentricisporites,
Corollina, Cycadopites (d), Cyclotriletes (w), Cycloverrutriletes (w),
Deltoidospora (d), Densoisporites (w), Densosporites (w), Duplicisporites,
Dictyophyllidites (d), Echinitosporites, Endosporites, Equisetumsporites (w),
Eucommiidites (d), Gleicheniidites (d), Granuloperculatipollis, Heliosporites (w),
Keuperisporites, Leschikisporis, Laevigatisporites, Lundbladispora,

Lycopodiacidites, Lycopodiumsporites (w), Lycospora (w), Marattisporites,
Monosulcites (d), Nevesisporites, Osmundacidites, Palaeospongisporis,
Perotriletes, Punctatisporites (w), Riccisporites (d), Todisporites (w), Toroisporis,
Trachysporites, Sphagnumsporites (w), Verrucosissporites (w), Vitreisporites (w),
Zebrasporites

Aratrisporites, Camerosporites, Corollina, Cycadopites, Densoisporites,
Densosporites, Duplicisporites, Granuloperculatipollis, Kraeuselisporites,
Lundbladispora, Rhaetipollis

3.Coastal

4. not
attributed

Porcellispora, Sphaeripollenites

4.1.2.4. Results

The results are discussed for particular palynological zones and subzones distinguished in the
Triassic of extra-Carpathian Poland. The palynostratigraphic scheme for the Triassic was developed by
Ortowska-Zwolinska (1983, 1984, 1985) and comprises 10 zones and 10 subzones.

4.1.2.4.1. Lundladispora obsoleta—Protohaploxypinus pantii Zone (Early Triassic, Induan)

Miospore assemblages, representing the L. obsoleta-P. pantii Zone, occur in the Lower
Buntsandstein sediments of the Baltic, Sandstone, Jaworzna and Opoczno formations (Orlowska-
Zwolinska, 1984, 1985; Fijatkowska, 1994a, b). The use of the PPC model has shown that the
contribution of hygrophytic elements from groups D (lycophyte spores Endosporites,
Kraeuselisporites and Lundbladispora) and B (fern spores Cyclotriletes and Punctatisporites) is above
20%. Densoisporites (group G), which belong to intermediate elements, together with the
cycad/bennettitalean pollen of Cycadopites and Gnetacaepollenites (group H), have a similar
contribution. Striatite pollen of xerophytic conifers and/or peltasmperms from group M
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(Protohaploxypinus, Striatoabietites and Lunatisporites) are less numerous. The SEG model points to
the significant dominance (averagely above 70%) of the Lowland and River SEG. The contribution of
the Coastal SEG varies from 3 to 29% (averagely 12%). The w/d ratio is low, ranging from 0 to 6.1
(averagely 2.5) (Fijalkowska-Mader, 2015).

The following picture of the Early Triassic flora of Poland emerges from the analysis of
spore-pollen spectra: coniferous shrubs, woody seed ferns and caytoniales (Sagenopteris)
covered dry upland areas, while lycopodiales (Isoetites, Selaginella), ferns of the
Osmundaceae family and horsetails were concentrated in wet and wet areas of the coastal and
delta plains and along river banks. Bennettites (Cycadoides) dominated the coastal
ecosystems (corresponding to modern mangroves). The pioneer lycophytes of Pleuromeia
grew both in dry and humid places with normal and increased salinity (Fijalkowska-Mader,
1999, 2013, 2015). The lack of the described sites with the early Triassic macroflora in
Poland (with the exception of the Equisetites specimen from the Swigtokrzyskie Mountains,
mentioned by Czarnocki (1925), makes it difficult to verify this image.

4.1.2.4.2. Densoisporites nejburgii Zone (Early Triassic, Olenekian)

Miospore assemblages representing the D. nejburgii Zone were found in the Middle Buntsandstein
deposits (Pomeranian, Potczyn, Lidzbark, Malbork, Goleniawy, Stachura and Samsonéw formations)
(Orlowska-Zwolinska, 1984, 1985; Fijatkowska, 1994a; Becker et al., 2020). They belong to three
subzones: D. nejburgii and acritarchs, D. nejburgii, and Cyclotriletes presselenis. Spectra of the D.
nejburgii and acritarchs Subzone are dominated by hygrophilous spores of lycophytes
(Kraeuselispories, Endosporites, Lundbladispora and Uvaesporites; group D). Spores of
Densoisporites nejburgii (Schulz) (group G) produced by the lycopsid Pleuromeia rossica Neuburg
(Yaroshenko, 1975; Orlowska-Zwolinska, 1979) and Cycadopites pollen (group H) and representing
mixed elements, occur abundantly. There is a clear domination of the Lowland and River SEGs. In the
spectra of the D. nejburgii Subzone there is a visible differentiation between those from western
Poland, with a pronounced domination of hygrophytic elements, and those coming from the Holy
Cross Mountains, the Nida Basin and north-eastern Poland, where the hygro- and xerophilic elements
occur in similar amounts, averagely above 30%. Lycophyte spores of the genera Densoisporites,
Kraeuselisporites and Endosporites dominate among hygrophytic elements, whereas fern spores
Punctatisporites and Cyclotriletes are less abundant. Among xerophytic forms, conifers pollen
belonging to Protohaploxypinus, Lunatisporites, Angustisulcites and Platysaccus are more numerous.
Intermediate elements are represented by Cycadopites. In the SEG model, the Lowland and River
SEGs prevail and the contributon of the Coastal SEG is relatively high. Values of the w/d ratio range
from 1.5 to 8 (averagely 3.2) and are higher from those in the D. nejburgii and acritarchs Subzone,
which indicates gradual humidity increase. The increase in the contribution of hygrophilous elements
is observed in the assemblages of the C. presselensis Subzone, occurring in the higher part of the
Potczyn Formation and in the Samsonéw Formation. They include mainly fern (Cyclotriletes,
Punctatisporites, Guttatisporites, Cycloverrutriletes presselensis) and lycophyte spores. The gradual
decrease in the number of D. nejburgii spores is noticeable. Conifer (Lunatisporites,
Protohaploxypinus, Alisporites, Brachysaccus) and caytonialean (Vitreisporites) pollen predominates
among the xerophytic forms. The SEG model shows the dominance of the Coastal SEG in Western
Poland and the Lowland and River SEG in the Holy Cross Mountains. Noteworthy is the increase in
the value of the w/d ratio (averagely above 5) in relation to the D. nejburgii Subzone, which reflects a
pluvial event in the late Olenekian (Fijalkowska-Mader, 1999, 2013, 2015). Results of the PCA
analysis did not show any major differences in the Smithian (D. nejburgii Subzone) and Spathian (C.



presselensis Subzone) spectra. On their basis, it can be concluded that factors other than climatic must
have had impact on the composition of the microfloral communities (Fijatkowska-Mader, Jewula,
2020). Lycopsids, mainly from the genera Pleuromeia and Selaginella, ferns from the Family
Osmundaceae (Neuropteris, Cladophlebis) and incertae sedis forms (Anompopteris), as well as
sphenophytes (Equisetites, Schizoneura) inhabited wet areas of alluvial and delta plains.
Cycads/bennettitales were concentrated in river valleys, and herbaceous conifers, such as Voltziales
(Aetophyllum), representatives of the Family Albertiaceae (Albertia) and incertae sedis forms
(Pelourdea), as well as seed ferns and caytoniales overgrew drier upland areas (Fijalkowska-Mader,
2013*, 2015*). This interpretation is confirmed by sparse finds of macrofloral remains in the Holy
Cross Mountains (lycopsid Pleuromeia cf. sternbergii (Miinster), conifer Voltzia by Czarnocki, 1931;
seed fern Glossopteridium by Bochenski, 1957) and from the Fore-Sudetic monocline (Pleuromeia by
Fuglewicz, 1973). New data on the Spathian vegetation (C. presselensis Subzone) in the Holy Cross
Mountains was provided by a project in cooperation with the palaeobotanist Z. Wawrzyniak
(Fijatkowska-Mader, Wawrzyniak, 2019). A rich group of macrofloral remains, including the conifers
Pelourdea, Albertia and Carpolithus, spore ferns (Anomopteris, Cladophlebis, Neuropteridium),
lycophytes Pleuromeia cf. sternbergii and horsetails (Equisetites, Equisetostachys, Schizoneura), was
found in the river sediments of crevasse splays within the Palggi clay mine near Mniéw (Kuleta et al.,
2006).

4.1.2.4.3. Voltziaceaesporites heteromorphus Zone (Middle Triassic, early Anisian)

Miospore assemblages representing the V. heteromorphus Subzone of the V. heteromorphus Zone
were found in the Upper Buntsandstein — Lower Rot succession, whereas spectra representing the
Microcachryidites fastidiosus Subzone of the V. heteromorphus Zone were noted in the Upper R6t
deposits (Ortowska-Zwolinska, 1984, 1985; Fijalkowska-Mader, 2013). The groups characterising
both subzones are strongly dominated by xerophytic conifers pollen, most of which are trilete
specimens from the genera Voltziaceaesporites and Angustisulcites (group O) (averagely 20-30%).
Vesicate (Microcachryidites, Klausipollenites; group P), striatite (Lunatisporites, Protohaploxypinus,
Striatoabietites; group M), and Triadispora conifer pollen (group N) are abundant. The pollen of
Angustisulcites chitonoides Klaus (group 1), produced by the ruderal herbaceous conifer Aethophyllum
stipulare (Bron.) (Grauvogel-Stamm, 1978; Rothwell et al., 2000), are a characteristic element of the
spectrum. Spores of the ferns Cyclotriletes (group B), Verrucosisporites, Guttatisporites and
Baculatisporites (group C), and the lycophytes Kraeuselisporites, Lapposisporites (group D) and
Aratrisporites (group E) predominate among the hygrophytic forms. The SEG model shows a clear
dominance of the Upland—Hinterland SEG composed almost entirely of conifers, whose contribution
is averagely above 80%. Representatives of the voltzialean taxa were their important component. The
Lowland and River SEG is represented by ferns, seed ferns, horsetails, and cycads/bennettitales.
Wetter areas were inhabited by lycophytes (Annalepis), sphenphytes and ferns. The Coastal SEG
includes conifers, lycophytes (Pleuromeia, Annalepis) and seed ferns. Taxonomically diverse forests
and shrubs covered not only dry upland areas, but also coastal, floodplain, and/or tidal areas and
deltas. The w/d ratio indicates a characteristic ‘dry’ peak (0-5, averagely 0.9) in the upper part of the
zone (Fijalkowska-Mader, 1999, 2013, 2015). Unfortunately, very scarce finds of macroflora in the
deposits from Poland (Calamites sp. in Samsonowicz, 1929) do not allow to verify this scenario.

Early Anisian assemblages display a larger quantitative and taxonomic diversity in relation to older
spectra. A trend of gradual decrease of the dominance of lycophytes in favour of arboresccent
gymnosperms, i.e. seed ferns, cycads/bennettitales and caytoniales, can be observed. This
phenomenon is global and reflects the revival of diverse plant ecosystems after the late Permian crisis
(see Looy et al., 1999; Galfetii et al., 2007; Lindstrém and McLoughlin, 2007; Hermann et al., 2011).



Strong domination of conifer pollen in the Anisian spectra reflects the first, significant phase of forest
development after the late Permian Crisis (cf. Kiirschner and Herngreen, 2010).

4.1.2.4.4. Perotrilites minor Zone (Middle Triassic, middle Anisian)

Miospore assemblages representing the P. minor Zone were found in the Lower Muschelkalk
(Ortowska-Zwolinska, 1985; Fijalkowska-Mader, 2013). They are strongly dominated by conifer
pollen of the genus Microcachryidites (group P) (averagely above 20%). Other conifer pollen:
Lunatisporites and Striatoabietites (group M), Angustisulcites (group O) and Triadispora (group N)
are less common. The lycophyte spores Aratrisporite (group E), the Perotriletes and
Concentricisporites spores (group D) of unknown botanical affinity, as well as the ferns Cyclotriletes,
Microreticulatisporites and the horsetail spores Equisetumsporites (group B) represent hygrophilous
elements. The Upland—Hinterland SEG, composed almost exclusively of conifers, dominates the
analysed spectra with an average contribution exceeding 80%. An increase of the w/d ratio (averagely
above 3), in comparison to the V. heteromorphus Zone, proves that the climate became slightly more
humid (Fijatkowska-Mader, 1999, 2013, 2015).

4.1.2.4.5. Tsugaepollenites oriens Zone (Middle Triassic, late Anisian)

Miospore assemblages of the T. oriens Zone were recognised in the Middle Muschelkalk
(Ortowska-Zwolinska, 1985; Fijalkowska-Mader, 2013). They are almost exclusively composed of
xerophytic elements, i.e. the conifer pollen Triadispora (group N), Microcachryidites (group P),
Angustisulcites (group O), Hlinites (group 1) and Tsugaepollenites (group R). The contribution of the
Upland-Hinterland SEG is the highest among the analysed Triassic spectra, averagely exceeding 90%.
The w/d ratio is very low (averagely below 0.7) and reflects a very dry climate (Fijalkowska-Mader,
1999, 2013, 2015).

4.1.2.4.6. Heliosaccus dimorphus Zone (Middle Triassic, Ladinian)

Miospore assemblages representing the Tasmanites Subzone, distinguished in the lower part of the
H. dimorphus Zone, occur in the Upper Muschelkalk, whereas spectra of the upper part of this zone
were noted in the Lower Keuper Sulechow Beds (Orlowska-Zwolinska, 1983, 1985; Fijatkowska,
1992b, Fijalkowska-Mader, 2013). Hygrophytic elements generally dominate in the assemblages of
the Tasmanites Subzone, except for the southern part of the Nida Basin, where xerophythic forms
represented by the lycophytes Aratrisporites (group E), Lycopodiacidites and Sellaspora (group D)
prevail and fern spores Todisporites (group B), Converrucosisporites and Verrucosisporites (group C)
predominate among the hygrophytic elements. Less numerous are the lycophyte spores Nevesisporites
and Asseretospora. Conifer pollen Minutosaccus (group P), Triadispora (group N), Illinites (group I)
and Heliosaccus (group R) dominates among xerophytic forms, whereas Striatoabietites,
Protohaploxypinus (group M), Podosporites (group P) and Circulisaccus (group S) pollen is less
common. The Upland—Hinterland SEG dominates in most spectra. The share of the Coastal SEG is
high (averagely above 10%). The w/d ratio has very different values: from 11-30 in E and NE Poland
and the Nida Basin, to 30-70 in N, NW Poland and the Holy Cross Mountains (Fijalkowska-Mader,
1999, 2013, 2015).

Conifers producing the Minutosaccus gracilis Scheuring and Podosporites amicus Scheuring
pollen grains were found not only in the upland-hinterland areas, but were also pioneers of coastal
xerophytic palaeobiocenoses. Lycophytes (Lycostrobus?, Cylostrobus and Annalepis), characterised
by high environmental tolerance (Grauvogel-Stamm, 1978), dominated in the deltaic and coastal
palaeobiocenoses (Fijatkowska-Mader, 2015). The only remains of the macroflora, belonging to the



spore fern Pecopteris sp., were described by Pawlowska (1979) from the Upper Muschelkalk in the
Gacki 4 borehole (Nida Basin).

Miospores representing the higher part of the H. dimorphus Subzone of the H. dimorphus Zone are
dominated by hygrophytic elements: spore ferns Todisporites and Cyclotriletes (group B) (averagely
above 30%) and lycophyte spores from the taxonomically diverse genus Aratrisporites (group E)
(4-50%). Conifer pollen Minutosaccus and Brachysaccus (group P) (10-40%) prevail among the
xerophytic components. A strong domination of the Lowland and River SEG is visible, reaching even
92%. The share of the Coastal SEG is 4-13%. The value of the w/d ratio changes significantly from
0.5 to 58 (averagely above 20) with a tendency to decrease in the higher part of the zone (Fijatkowska,
1992b; Fijalkowska-Mader, 1999, 2013, 2015). Numerous and taxonomically diverse lycophytes
(Selaginella, Annalepis, Pleuromeia, Lycopodites), ferns (Anomopteris, Neuropteridium, Pecopteris,
and others) and horsetails (Equisetites, Neoclamites) inhabited wetter areas of the delta and flood
plain. Sphenophytes also formed rushes along the river and lake banks (cf. Mader, 1990, 1997). Plants
of the Coastal SEG also include lycopsids Lepacyclotes (Annnalepis) zeilleri (Fliche) and Pleuromeia,
seed ferns (Ptilozamites), herbaceous conifers (Elatocladus) and the voltzilean Aetophyllum stipilare
(Bronn.). Drier lowlands were covered by herbaceous cycads (Taeniopteris), herbaceous and
arborescent bennettitales (Pterophyllum) and seed ferns (Pelaspermum, Ptilozamites). Dry upland and
inland areas were inhabited by shrubby (Aetophyllum, Albertia, Pelourdea) and arborescent conifers.
Such reconstruction of plant ecosystems in Poland was made on the basis of analogies with miospore
spectra occurring in Alpine sections and accompanying macrofloral remains (cf. Kustatscher, Van
Konijnenburg-van Cittert, 2005; Kustatscher et al., 2012).

4.1.2.4.7. Porcellispora longdonensis Zone (Middle—Upper Triassic, late Ladinian—early Carnian)

Miospore assemblages of the P. longdonensis Zone were found in the Boundary Dolomite, Lower
Gypsum Beds and Chrzanow Beds (Orlowska-Zwolinska, 1983, 1985; Fijatkowska, 1992b;
Fijalkowska-Mader, 2013; Fijatlkowska-Mader et al., 2015). They belong to two subzones:
Echinitosporites iliacoides, occurring in the Boundary Dolomite and in the lower part of the Lower
Gypsum Beds, and Triadispora verrucata — in the upper part of the Lower Gypsum Beds.
Assemblages of the E. iliacides Subzone are strongly dominated by xerophytic elements — Ovalipollis
(group K), Brachysaccus, Minutosaccus, Labiisporites and Cedripites (group P) pollen, whose
contribution exceeds 80% in some samples. Conifer pollen Illinitess and Parillinites (group 1),
Perinopollenites (group J) and araucariacean pollen Callialasporites (group R) are less abundant. A
characteristic feature of the communities is the appearance of grooved, round pollen of shrubby
conifers of the family Cheirolepidaceae — Duplicisporites, Patinasporites, Praecirculina and
Camerosporites representing the circumpollen group (group S). They are accompanied by moss spores
Porcellispora (group T). Fern spores Leschikisporis (group A), Apiculatisporis, Todisporites and
Cyclotriletes (group B), Verrucosisporites, Echinitosporites (group C), sphenophyte spores
Calamospora (group B), Anapiculatisporites (group C) and Aratrisporites (group E) predominate
among the hygrophytic elements. Cycads/bennettitalen pollen (group H) dominates among the
intermediate elements. The share of the Upland-Hinterland SEG averagely reaches over 60%. A
general decrease in the share of the Coastal SEG is observed in comparison to the H. dimorphus Zone.
Only in spectra containing acritarchs (in the Boundary Dolomite deposits), the contribution of the
Coastal SEG is slightly higher, which reflects a transgression at the Ladinian/Carnian boundary. There
is also a noticeable decrease in the value of the w/d ratio (0—7) in comparison to the H. dimorphus
Zone. The T. verrucata Subzone consists almost entirely of xerophytic conifers pollen Ovalipollis
(group K), Triadispora (group N), Minutosaccus, Labiisporites, Cedripites (group P) and
Infernopollenites (group M). The SEG model is strongly dominated by the Upland—Hinterland SEG,
with an average contribution above 80%. The w/d ratio is very low, below 0.5 (Fijatkowska, 1992b;

10



Fijalkowska-Mader, 1999, 2013, 2015). PCA allowed to determine the environmental preferences of
some parent plants and confirm the previously assumed xero- or hygrophytic nature of the analysed
miospore types. PC1, the component responsible for the distribution of xero- and hygrophytic
elements, has been interpreted as a climatic factor, i.e. humidity. The genera most sensitive for this
factor, i.e. Triadispora, Porcellispora and Infernopollenites appeared. The nature of the second
component PC2 cannot not be clearly defined. The biplot for samples and types of miospores
confirmed earlier observations that the assemblages of the Boundary Dolomite and the Lower Gypsum
Beds consist mainly of xerophytic forms (Fijalkowska-Mader et al., 2020). In the early Carnian,
there was an increased development of conifers producing Ovalipollis and Triadispora pollen.
Voltziales and cedrales grew inland on dry highlands. Coastal zones were inhabited by
cheirolepidacean conifers. Ferns, horsetails and lycophytes were concentrated in the humid zones of
the alluvial plains. Liverwort moss producing the spores Porcellispora longdonensis was a
characteristic plant of the early Carnian ecosystems of Europe, which inhabited shores of periodic
lakes (cf. Reinhardt, Ricken, 2000). Areas with increased salinity around the playa and sebkha basins
were colonised by the halophyte lycophytes Annalepis (Ortowska-Zwolinska, 1983; Mader, 1990,
1997; Fijalkowska-Mader, 2013, 2015).

4.1.2.4.8. Aulisporites astigmosus Zone (Upper Triassic, middle Carnian)

Miospore assemblages of the A. astigmosus Zone occur in the Schilfsandstein sediments (Stuttgart
Formation, Bolestaw Beds; Orlowska-Zwolinska, 1983, 1985; Fijatkowska, 1992b, Fijalkowska-
Mader, 2013; Fijatkowska-Mader et al., 2015). They are strongly dominated by hygrophytic elements
(39-47%): mainly horsetails Calamospora, ferns Todisporites, Deltoidospora (group B) and
Verrucosisporites (group C), and lycophyte spores Aratrisporites (group E), Anapiculatisporites,
Lycopodiacidites (group C) and Kraeuselisporites (group D). Bennettitalen pollen Aulisporites (group
F) is also abundant (averagely 30%). Xerophytic elements, represented by voltzialean pollen
Ovalipollis (group K), Alisporites, Brachysaccus, Labiisporites (group P) and Enzonalasporites (group
R), and conifer pollen Platysaccus (group O) are less common. The SEG model shows a strong
dominance of the Lowland and River SEG (70-78%) (Fijatkowska, 1992b; Fijalkowska-Mader,
1999, 2013). A very high w/d ratio (42—73) reflects the Carnian Pluvial Event (Fijalkowska-Mader,
2015; Fijalkowska-Mader et al., 2020). PCA analysis performed for the assemblages of the P.
longdonensis and A. astigmosus zones showed a relatively large number of miospores sensitive to
climatic and environmental factors. It also showed a tendency to group together forms with similar
environmental preferences: hygrophylous (Aulisporites, Apiculatisporis, Leschikisporis) and
xerophylous (Triadispora, Porcellispora, Infernopollenites) pollen and the lack of clear preferences
for the genus Aratrisporites. A biplot of samples and miospore genera confirmed the affiliation of the
taxa to the Upland-Hinterland, as well as the Lowland and River SEGs assumed by Abbink (1998) and
by me. Ferns, mainly of the Families Marattiaceae and Dipteridaceae, horsetails (Neocalamites,
Equisetites), sphenophytes (lsoetites, Selaginellites) and bennettites producing Aulisporites pollen,
grew on wet and marshy areas of floodplains, deltas and lake shores. Conifers preferred drier, upland
areas (Fijalkowska-Mader et al., 2020). It is puzzling that despite the common occurrence of
macrofloral remains in the Schilfsandstein deposits, no forms representing the discussed taxa have
been described in Polish literature (cf. Reyman, 1979; Pacyna 2014).

4.1.2.4.9. Corollina meyeriana Zone (Upper Triassic, Norian)

Three subzones are distinguished within the C. meyeriana Zone: C. meyeriana a, C. meyeriana b,
and C. meyeriana c. Microfloristic assemblages representing the C. meyeriana a Subzone occur in the
Upper Gypsum Beds and the Mudstone—Evaporite Ozimek Member of the Grabowa Formation.
Spectra of the C. meyeriana b Subzone were found in the Jarkowo Beds, in the lower parts of the
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Zbaszynek Beds, in the Lower and Middle Studzianna Beds and in the Patoka Member of the
Grabowa Formation. The C. meyeriana ¢ Subzone occurs in the upper part of the Zbaszynek Beds, in
the Upper Studzianna Beds and in the upper part of the Patoka Member (Ortowska-Zwolinska, 1983,
1985; Fijatkowska, 1992b;Fijalkowska-Mader, 2013; Fijatkowska-Mader et al., 2015; Fijatkowska-
Mader, 2018). Spectra of the C. meyeriana a Subzone are strongly dominated by xerophytic elements,
mainly pollen of cheirolepidacean conifers Classopollis, Dulicisporites, Partitisporites and
Granuloperculatipollis (group S), with a contribution of 46% in some spectra. Pollen of other conifers:
Ovalipollis (group K), Cedripites, and Labiisporites (group P) are less numerous. Rare xerophytic
elements are represented by spores of horsetails, ferns (Calamospora, Todisporites) and lycophytes
(Lycopodiumsporites). The SEG model shows a strong dominance of the Upland—Hinterland SEG
(53-80%). The share of the Coastal SEG is relatively high (9—25.5%). On the other hand, the w/d ratio
decreased in comparison to the A. astigmosus Zone and reached 0.2-12 (averagely 3).
Cheirolepidacean conifers were drought-resistant trees and shrubs that occurred in a wide range of
environments: on lake and river banks, where they formed dense thickets (cf. Abbink, 1998), on
floodplains, and possibly also on dry, elevated areas (Alvin, 1982; Abbink, 1998). Arborescent
voltziales and cedrales, as well as the shrubby Pelourdea and Elatides grew in dry zones of uplands
and lowlands. Seed ferns preferred dry areas. Ferns, horsetails and lycophytes concentrated on the
flood plains (Ortowska-Zwolinska, 1983; Fijalkowska-Mader, 2013, 2015).

In the C. meyeriana b Subzone, there is a two-fold increase in the abundance of hygrophilous
elements — mainly Densosporites (group D), Lycopodiumsporites (group C) and Equisetumsporites
(group B) compared to the C. meyeriana a Subzone. Taurocusporites spores (group D) are more
numerous. Nevertheless, conifer pollen Classopollis and Granuloperculatipollis (group S),
Brachysaccus and Cedripites (group P) remain the dominant elements and contribute to 76.5-79.5%
of the spectra, whereas a visible decrease in the amount of Ovalipollis (group K) is observed. The SEG
model shows an increase in the share of the Lowland and River SEG to 18-21% with a simultaneous
decrease of the Coastal SEG below 1. The share of the Upland-Hinterland SEG slightly decreased
(58-69%). The w/d ratio increased to an average value of 8 and reflects the Mid-Norian Pluvial Event
(cf. Szulc et al., 2015). Damp and wetland areas of the floodplain were inhabited by sphenophytes
(Equisetites, Neocalamites), lycophytes (Lycopodites, Pleuromeia), ferns (Sphenopteris) and
bennettitales (Pterophyllum). Drier upland and hinterland areas were overgrown by seed ferns,
arborescent voltzialaeans, araucariceans and cedraleans, as well as the shrubby conifer Elatides.
Cheirolepidaces were concentrated mainly along the banks of rivers and lakes (Fijalkowska-Mader,
1999, 2013, 2015). This scenario of plant ecosystems, reconstructed on the basis of miospores, is
confirmed by relatively numerous macrofloral finds in Krasiejow and Lipie-Lisowice? (cf. Dzik, Sulej,
2007; Pacyna, 2014, 2019). Among them dominates the conifer Brachyphyllum, whereas
representatives of the genera Pseudohimerella, Pachylepis, Stachyotaxus and the newly described
genus and species Patokaea silesiaca (Pacyna et al., 2017) are less numerous. They are accompanied
by the horsetails Equisetites, ferns Clathropteris, Cladophlebis and Neuropteris, as well as
cycads/bennettites. In addition, specimens of Czekanowskia and the seed fern Lepidopteris ottonis
(Goepp.) were found (Pacyna, 2014; Kustatscher et al., 2018).

In the assemblages of the C. meyeriana ¢ Subzone, a strong dominance of pollen grains from the
circumpollen group (group S), accompanied by Ovalipollis pollen (group K) and cycads and bennettite

> The age of the deposits exposed in the clay pit in Lipie Slaskie - Lisowice is problematic; some authors believe
that it is Rhaetian, whereas others suggest a Norian age (see Szulc et al., 2015). | accept a Norian age for these
deposits .
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pollen (H group), is observed. The w/d ratio is low (0.5-2) and indicates aridisation of the climate
after the Mid-Norian Pluvial Event. The Coastal SEG dominates among the ecogroups.

4.1.2.4.10. Riccisporites tuberculatus Zone (Upper Triassic, Rhaetian)

Spore-pollen assemblages of the R. tuberculatus Zone were found within the Wielichowo Beds,
Bartoszyce Beds and Variegated Parszowskie Beds (Ortowska-Zwolinska, 1983, 1985; Fijatkowska,
1992b; Fijatkowska-Mader, 2013, 2015). They are rich in hygrophytic elements (36—42%), mainly
spores of ferns Corrugatisporites, Marattisporites (group C), Deltoidospora, Gleicheniidites and
Todisporites (group B), horsetails Calamospora and Equisetumsporites, and lycophytes
Camarozonosporites, Anapiculatisporites, Densosporites (group D). Intermediate elements, occurring
in similar amounts (averagely 37%), are represented by cycad/bennettitalean pollen: Cycadopites,
Eucommiidites, Monosulcites and Ephedripites. Rarely the xerophytic elements are represented by
cheirolepidacean (group S), volzialean and pineacean pollen (group P) and Riccisporites pollen also
produced by conifers (Rhotwell et al., 2000). | have noted the presence of malformed spores of the
genera Deltoidospora and Toroisporis, which contribute to 5% in some samples. Similar teratological
forms were described from other sites in western and northern Europe (Lindstrém et al., 2019;
Lindstrom, van de Schootbrugge, 2020). The SEG model shows a clear dominance of the Lowland and
River SEG (55-60%) and a relatively high share of the Coastal SEG (over 20%). The value of the w/d
ratio varies from 0.1-2 in the lower part of the zone to 8-25 in its upper part. Spore ferns, belonging
among others to the Families Dipteridaceae, Mationiaceae and Osmundaceae, horsetails (Equisetites,
Nocalamites) and lycophytes (Lycopodites, Selaginelites) overgrew the wet and marshy areas of
floodplains, delta plains, and river and lake banks. Dry lowlands were inhabited by
cycads/bennettitales (Cycadoides, Wielandiella), gnetales, ferns (mainly from the Families
Gleicheniaceae and Cyatheaceae) and seed ferns. Rare pinaces, voltziaces, araucariaces and
cheirolepidaces grew in arid inland areas (Fijalkowska-Mader, 1999, 2015). The latter also inhabited
the coastal zones of lakes (cf. Kiirschner, 2010; Bonis, Kiirschner, 2012). There is a significant change
in the taxonomic composition of the flora in comparison to the Norian ecosystems, dominated by
cheirolepidacean plants. Ferns predominated among the Rhaetian communities. A characteristic
element of this flora is the herbaceous ruderal conifer of the Family Albertiaceae, producing
Riccisporites tuberculatus Lundblad pollen (Rhotwell et al., 2000). My reconstruction of the
vegetation cover, based on microflora, is confirmed by numerous finds of macrofloral remains, mainly
from Upper Silesia (cf. Pacyna, 2014). These remains are dominated by ferns (Cladophlebis,
Camptopteris, Dicranopteris), horsetails (Equisetites, Calamites), as well as cycads/bennettitales
(Pterophyllum, Taeniopteris). Seed ferns (Lepidopteris, Peltaspermum, Pecopteris) and conifers
(Brachyphyllum, Pinites, Cheirolepis) are less common (Reyman, 1979; Reymandéwna, Barbacka,
1981; Barbacka, 1991; Barbacka et al., 2009).

4.1.3. Conclusions

1. The application of the PPC model and the w/d ratio to miospore assemblages recovered from the
upper Permian and Triassic deposits allowed for the reconstruction of climate changes that took place
in the late Permian and Triassic in Poland. The research results are generally consistent with the
palaeoclimatic reconstructions presented for Europe in the literature.

2. The dominance of xerophytic elements in most of the analysed microflora spectra reflects the
conditions of a monsoon climate with a distinct dry season, which prevailed in the late Permian and
Triassic in Central Europe. Slight differences in the value of the w/d ratio among the spectra of the L.
virkkiae Ab Subzone allowed for recording insignificant fluctuations in humidity: an increase during
the deposition of the Zechstein Limestone Cal, a decrease during the sedimentation of the Lower
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Anhydrite Ald, a renewed increase during the sedimentation of the Terrigeneous Recessive Series T1r
and its time equivalents, and a further decrease during the sedimentation of the Upper Anhydrite Alg.
Another increase in humidity was recorded during the sedimentation of the Platy Dolomite Ca3,
whereas a decrease during the sedimentation of the Main Anhydrite A3 was recorded in the spore-
pollen spectra of the L. virkkiae Ac Subzone. In addition, an increase in humidity is observed in the L.
virkkiae Bc Subzone during the sedimentation of the Podzamcze Formation, Top Terrigeneous Series
Pzt and the corresponding PZ4 sediments. Moreover, an increase in the value of the w/d ratio (in
relation to the late Permian), documenting periods of more humid climate, is observed in the late
Olenekian, Ladinian, middle Carnian, middle Norian and late Rhaetian.

3. Application of the SEG model enabled a tentative reconstruction of the changes in the floristic

ecosystems in the study area:

» a pioneer strategy among the lycophytes of the Family Pleuromeiaceae (Lowland and River SEG and
Coastal SEG) in colonizing new settings after the P/T crisis is observed in the Induan. Conifers,
mainly voltziales, that survived the crisis, formed the Upland—Hinterland SEG;

» a strategy that tolerated environmental stress in coastal ecosystems prevailed in the Olenekian;

+ a revival of conifers and the first reforestation after the P/T crisis (strong domination of the
Upland-Hinterland SEG) occurred in the early Anisian;

« arid climate in the middle Anisian supported the dominance of the Upland—Hinterland SEG;

» the climate became more humid in the Ladinian, increasing the importance of lycophytes, mainly of
the genus Annalepis, which was the dominant component in the Lowland and River SEG. At the
same time, conifers developed a ruderal strategy in colonizing coastal environments;

« in the early Carnian, lush flora development was hampered by a dry climate change;

» the Carnian Pluvial Event took place in the middle Carnian, causing intensive development of flora
and the expansion of horsetails, which became the main component of the Lowland and River SEG;

* in the early Norian the climate became drier and the expansion of xerophytic cheirolepidacean
conifers is observed in all environments (Upland—Hinterland, Lowland and River and Coastal
SEGS);

« in the middle Norian there was a short-term increase in humidity, the so-called ‘Norian Pluvial
Event’, which is recorded by an increased contribution of lycophytes and horsetails in the Lowland
and River SEG;

» a gradual increase of humidity is observed in the Rhaetian, favouring the development of ferns,
which were an important component of the Lowland River and Coastal SEGs. The marked decline in
the abundance of saccate pollen grains in the Rhaetian microfloral spectra and the simultaneous
sudden proliferation of a ruderal conifer producing the Riccisporites tuberculatus pollen may have
been related to the destruction of the environments by the activity of the Central Atlantic Volcanic
Province rather than by climate change.

4. The following global events have been recorded in the analysed microfloral assemblages:
* the late Olenekian pluvial event;

» the Carnian Pluvial Event (CPE) in the middle Carnian;

» the Norian Pluvial Event (NPE) in the middle Norian.
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4.2. Other scientific achievements
4.2.1. Palynology
4.2.1.1. Taxonomy

During my research, | have identified 7 new species of spores in the Lower Devonian deposits of
the Holy Cross Mountains: Dibolisporites jakubowskae, Dibolisporites rarospinosus, Grandispora
santaecruciensis, Hystricosporites brevispinosus, Verrucosisporites rariverrucosus,
Verruciretusispora dubia (Eisenack, 1944) Richardson et Rasul, 1978, var. multituberculata, and
Dictyotriletes delicatus (Turnau et al., 2003; Fijatkowska-Mader, Malec, 2011)

In my studies (Fijatkowska, 1995; Fijatkowska-Mader, 2013), | have also identified two new taxa
of Early Triassic green algae belonging to the order Zygnematales: Actinastrum stellatum (emended
by Foster and Afonin 2006 as Syndesmorion stellatum (Fijatkowska) comb. nov.), aff. Genicularia
zwolinskai (emended by Foster and Afonin 2006 as Syndesmorion stellatum) and a one new type of
fungae (Staurosporae Elsik group, 1993) Stelasporonites and the species Stelasporonites nidensis in
the Upper Muschelkalk of the Nida Basin.
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I have participated in the determination of pollen grains of the Enzonalasporites type, found in the
microsporophyll and micropylar canals of the newly described species of conifer plants — Patokaea
silesiaca, in the Norian deposits from Upper Silesia (Pacyna et al., 2017).

The work by Foster and Afonin (2005) on the occurrence of atypically shaped pollen grains,
determined as Klausipollenites schaubergeri and Alisporites sp., and the possible connection of this
aberration with environmental changes across the Permian/Triassic boundary, inspired me to revise the
concept of palynodem and morphological norms, introduced by Visscher (1971, 1972) within the late
Permian species Lueckisporites virkkiae Potnié et Klaus and Jugasporites delasaucei (Potnié et Klaus)
Leschik. I consider morphological norms as abnormal forms, changed by stressful environmental
conditions (Fijatkowska-Mader, 2012, 2020a).

4.2.1.2. Palynostratigraphy
4.2.1.2.1. Palynostratigraphy of the Lower Devonian in the Holy Cross Mountains

For the first time, | have developed a comprehensive palynostratigraphy of the Lower Devonian
deposits (late pre—early Eifelian) in the Holy Cross Mountains (Fijatkowska, 1995a, 1996;
Fijatkowska-Mader et al., 1997; Fijatkowska-Mader, Malec, 2011) and distinguished 5 zones and 8
subzones of the palynostratigraphical scheme of Streel et al. (1987): PW (Su), AB, FD (Fov, Pra,
Min), AP (Cor, Pro, Vel), and AD (Mac). Moreover, | have correlated the T1-T4 tuffite horizons,
recognised by Tarnowska (1999), with the PW (Su), AB and AP (Cor, Pro) zones and subzones. This
allowed for the comparison of the sections from the Holy Cross Mountains with the succession from
the Ardennes—Rhenish regions and the construction of a supra-regional Lower Devonian
tefrostratigraphic scheme for Europe. | have also determined the age of the tuffite level exposed on
Barcza Hill (where the stratotype of the Barcza Beds is located) as the lower Emsian AB zone
(Fijatkowska-Mader, Malec, 2018).

4.2.1.2.2. Palynostratigraphy and lithostratigraphy of the upper Permian in Poland

The detailed palynological zonation for the Zechstein, developed by me (Fijatkowska, 1992a,
1994b) for the NW margin of the Holy Cross Mountains, with the Lueckisporites virkkiae Zone
subdivided into 4 subzones (L. virkkiae Ab, occurring in PZ1, L. virkkiae Ac? in PZ2, L. virkkiae Ac
in the lower part of PZ3, and L. virkkiae Bc in the upper part of PZ3 and PZ4, as well as in PZt and the
Podzamcze Formation) and 5 assemblages (L. virkkiae Ab and acritarchs, L. virkkiae Ab, L. virkkiae
Ab and Strotersporites sp. div., L. virkkiae Ac and acritarchs and L. virkkiae Ac), was applied for
other areas of Poland, becoming a supra-regional scheme (Fijalkowska-Mader, 1997, 2011, 2013;
Kiirschner, Herngreen, 2010).

The palynostratigraphic scheme of the Zechstein, developed by me in the Holy Cross Mountains as
part of my doctoral dissertation (Fijatkowska, 1991, 1992a), was extended to the entire territory of
Poland (Wagner, 1994; Dybova-Jachowicz et al., 2001). It contains one zone and 4 subzones.

In the case of the North-Sudetic Basin, my studies (Fijatkowska, 1995b; Fijatkowska, Peryt, 1995;
Fijatkowska-Mader et al., 2018) have confirmed the presence of PZ2 deposits in its southern part, a
feature that has been questioned by some authors (cf. i. a., Wagner, 1986 , 1994; Raczynski, 1997,
Raczynski et al. 1998).

In the Nida Basin, my studies (Fijalkowska, 2013) have allowed to specify the PZ1 stratigraphy in
the Pagow IG 1, Milianéw IG 1 and Brzegi IG 1 wells and confirmed the presence of PZ3 and PZt
deposits in the Biata Wielka IG 1 well.
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Moreover, | have participated in the work of the team (Jewuta et al., 2020b), who presented a
proposal for a new, formalised lithostratigraphy of the Permian/Triassic boundary section in the NW
margin of the Holy Cross Mountains. The most important change in this scheme, as compared to older
studies (e.g. Kuleta, Zbroja, 2006), consists of distiguishing the Podzamcze Formation instead of the
Top Terrigenous Series PZt, whereas the stratigraphic range of this formation is much wider and
includes even the PZ1 sediments. Moreover, the Siodla Formation was included to the Zechstein, as
already suggested in earlier studies (Kowalczewski, Rup, 1989; Trela, Fijatkowska-Mader, 2017).

4.2.1.2.3. Palynostratigraphy and lithostratigraphy of the Triassic in Poland

For the first time, | have presented (Fijatkowska, 1992b, 1994a) a comprehensive
palynostratigraphic scheme of the Triassic sediments in the W and NW margin of the Holy Cross
Mountains, identifying all 10 zones and 11 subzones distinguished by Orlowska-Zwolinska (1984,
1985) in the Polish Lowlands. My studies were the basis for establishing the stratigraphic position of
the lithostratigraphic units distinguished by Kuleta (in Kuleta, Zbroja, 2006) in the Lower
Buntsandstein of the NW margin of the Holy Cross Mountains. | recognised miospore assemblages of
the Lundbladispora obsoleta—Protohaploxypinus pantii Zone in the Jaworzna and Opoczno
formations, which allowed to correlate them with the Induan. | identified the spectra in the lower part
of the Densoisporites nejburgii Zone in the Goleniawy and Stachura formations, which allowed for the
correlation of both formations with the Smithian. In the Samsonéw Formation, | found assemblages of
the Cycloverrutriletes presselensis Subzone and on this basis correlated this unit with the Spathian. In
the Intergypsum Beds, | identified the spectra of the Voltziaceaesporites heteromorphus Zone and
correlated them with the early Anisian. However, my main achievement was establishing the boundary
between the Norian (Corollina meyeriana Zone) and the Rhaetian (Riccisporites tuberculatus Zone). It
provided the basis for clarifying the stratigraphic scheme of the Upper Triassic in the Holy Cross
Mountains region, where the main disorder was caused by the use of chronostratigraphic units as
lithostratigraphic ones (cf. Kopik, 1970). | have distinguished the Studzianna Beds in the Middle
Keuper (Fijatkowska-Mader, 2018a), which, through the C. meyeriana b and c subzones, were
correlated respectively with the Jarkowo and Zbaszynek Beds of the Polish Lowlands. In turn, the
Variegated Parszow Beds of the Upper Keuper, were correlated with the Wielichowo Beds (comp.
Pienkowski et al., 2014).

In addition, my study of 17 wells in the Nida Basin (Fijatkowska-Mader, 2000, 2013*) allowed to
subdivide the R6t Formation into a Lower and Upper part, confirm the problematic occurrence of the
Middle Muschelkalk and Schilfsandstein (Stuttgart Formation) (see Jurkiewicz, 1974), and indicate
the presence of the Wielichow Beds of Rhaetian age. Following palynostratigraphic analysis, it was
possible to set out a detailed stratigraphy of the Triassic sediments in the Nida Basin (cf. Fijatkowska-
Mader et al., 2015b).

One of my significant achievements was the development of the palynostratigraphy of the Grabowa
Formation in Upper Silesia (Fijatkowska-Mader et al., 2015a). The formation yields two bone levels,
Krasiejow and Liséw (Racki, Szulc, 2015), the age of which was considered Carnian, Norian or
Rhaetian (cf. Szulc et al., 2015). My palynological study on cores of eight wells and in two exposures
(Patoka and Lipie Slaskie—Lisowice) and the determination of the Corollina meyerian Zone allowed to
define the age of these deposits as Norian.

Moreover, | have identified the Early Triassic Lundbladispora obsoleta—Protohaploxypinus pantii
Zone in the so-called Transitional Beds spanning the Permian/Triassic boundary in the Zary Pericline
(Fore-Sudetic Monocline) (Fijatkowska, 1995).
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I have also initiated palynological studies based on miospores of the Triassic deposits in the Polish
Tatra Mountains (Fijatkowska, Uchman, 1993). Following my studies, three zones have been
determined: the Olenekian D. nejburgii Zone (in the Werfenian of the Lower Sub-Tatric Unit), the late
Anisian Tsugaepollenites oriens Zone (in the Partnach Beds, Upper Sub-Tatric (Strazov) Unit), and
the Norian Corollina meyeriana Zone (the C. meyeriana a Subzone in the Keuper deposits of the
Lower Sub-Tatric Unit and the C. meyeriana b Subzone in the Tomanowa Beds of the Upper Sub-
Tatric Unit). Moreover, Tsugaepollenites oriens Klaus, considered a boreal form, was found for the
first time within the Alpine facies.

4.2.1.2.3. Palynostratigraphy of the Lower Jurassic in the NW margin of the Holy Cross Mountains

Due to the lack of a current palynostratigraphic scheme for the Polish Jurassic (cf. Marcinkiewicz
et al., 2014), | use the levels defined in the North Sea (Lund, 1977) and the Danish straits
(Dybkjer, 1991), which — in my opinion — can be easily identified in the Polish Lower Jurassic
deposits. In the Zagaje Formation in the Skarzysko-Kamienna IG 2, Opoczno PIG 2 and Nieswin PIG
1 wells and in the Zagaje and Sktoby formations in the Ostatlow PIG 2 well, | have identified the
Pinuspollenites—Trachysporites Zone. In the Ostrowiec Formation of the Ostatow PIG 2 well | have
recognised the Cerebropollenites macroverrucosus Zone. | have also identified the
Sphaeripollenites—Leptolepidites Zone in the Gielniéw and Drzewica formations of the Ostatow PIG 2
well and in the Ciechocinek Formation of the Mniszkow IG 1 well, and the
Leptolepidites—Sphaeripollenites and Perinopollenites elatoides Interval Zone in the Borucice
Formation (Fijatkowska, 1988a, b, 2006a, b; Fijatkowska-Mader, 2018b).

4.2.1.3. Palynofacies

I have been conducting palynofacial studies of the Triassic (Fijatkowska, 1994a, 1995;
Fijatkowska-Mader, 1999, Fijatkowska-Mader et al., 2015a, b; Becker et al. 2020; Jewuta et al. 2020)
and upper Permian (Fijatkowska-Mader, 2011; Jewuta et al. 2020) in Poland in terms of analysis of the
sedimentary environment. In the Zechstein , I have distinguished 6 types of palynofacies characteristic
of the following settings: shallow-water lagoon, freshwater lake, playa, sebkha and floodplain. In
Triassic deposits, | have distinguished one more palynofacies, occurring in river channel settings.

I have also analysed the types of kerogen in the palynofacies of the upper Permian and Triassic
deposits in the Nida Basin in terms of hydrocarbon potential (Fijatkowska-Mader, 2020b). | found the
presence of mixed kerogen (finely dispersed and ‘fluffy’) of marine origin, and structural kerogen
(mainly exinite and vitrinite) of terrigeneous origin, indicating potential oil and oil-gas windows.

4.2.1.4. Palaeoclimate, palaeoenvironment and palaeoecolgy of the late Permian

For the first time | applied the PPC and SEG models to the latePermian microflora assemblages
from Poland.In the PPC model | have distinguished 13 morphological groups: A — monolete
spores, B — trilete laevigate and apiculate spores, C — trilete verrucate, reticulate and murornate
spores, and D — trilete zonate and cingulate spores, which represent hygrophytic elements; E —
monosulcate pollen and F — Vitreisporites—llinites group, which are intermediate elements; G —
monolete bisaccate pollen, H — other trilete bisaccate pollen, I — taeniate bisaccate pollen, J —
Triadispora spp., K — vesicate pollen, L — Jugasporites spp, and M — monosaccate pollen, which
represent xerophytic elements.

I have distinguished four subzones within this zone: L. virkkiae Ab, L. virkkiae Ab-Ac (L. virkkiae
Ac? in older literature), L. virkkiae Ac and L. virkkiae Bc, in the Zechstein (Fijatkowska, 1994b).
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Spore-pollen assemblages, belonging to all subzones, are characterized by strong dominance
(averagely 70-80%) of xerophytic elements from group | (Lueckisporites, Lunatisporites,
Protohaploxypinus, Strotersporites), J, K (Klausipollenites), L and M (Nuskoisporites), which are
conifer pollen. There were slight differences at the level of several percent in the content of
hygrophytic elements, mainly fern and horsetail spores (groups A, B). In the L. virkkiae Ab subzone,
their increase was noted in spectra recognised from the Zechstein Limestone (Cal) (L. virkkiae Ab and
acritarchs), a decrease — in the Lower Anhydrite (Ald) (L. virrkiae Ab), a subsequent increase in the
Recessive Terrigeneous Series (T1r) and its time equivalents (L. virkkiae Ab and Strotersporites sp.
div.), and the next decrease in the Upper Anhydrite (Alg) (L. virkkiae Ab and Strotersporites sp. div.).
The next increase in the contribution of hygrophytic forms was noted in the assemblages from the
Platy Dolomite (Ca3) (L. virkkiae Ac and acritarchs), and a decrease — in the spectra of the Main
Anhydrite (A3) belonging to the L. virkkiae Ac Subzone. Moreover, an increase in the abundance of
hygrophytic elements is observed in the spectra of the L. virkkiae Bc Subzone, occurring in the Top
Terrigeneous Series (PZt) and its time equivalents of the PZ4 sediments (Fijatkowska-Mader, 1997).

The SEG model, applied to the assemblages from the Nida Basin, shows a clear dominance
(averagely above 75%) of the Upland—Hinterland SEG (Fijalkowska-Mader, 2013). A slight increase
in the share of the Coastal SEG is observed in the spectra of the L. virkkiae Ab and acritarchs, and L.
virkkiae Ac and acritarchs subzones and is connected with a transgressional phase. The w/d ratio is
low, ranging from O to 1.1 (averagely 0.6). The abundance of abnormal pollen grains within the
specimens of the L. virkkiae Zone gradually increases in younger assemblages, from 32% in the L.
virkkiae Ab subzone to 69% in the L. virkkiae Bc subzone. In the case of Jugasporites and
Triadispora, the content of abnormal grains increases from 10% to 50% and from a few percent to
10%, respectively (Fijatkowska-Mader, 2012, 2020a).

Based on the results of PPC and SEG analyses, and affiliation of the miospores to the parent plants,
I have made an attempt to reconstruct the late Permian plant cover in Poland (Fijalkowska-Mader,
1997, 2013). The dry, elevated areas located beyond the shore of the Zechstein Sea were overgrown by
arborescent voltzialean conifers, belonging mainly to the Ullmaniaceae (Ullmania) and Majonicaceae
(Pseudovoltzia). They were accompanied by representatives of the Family Podocarpaceae, herbaceous
conifers of unknown systematic position, and peltaspermous seed ferns (types of Permotheca,
Tatarina) and cordaites (Cardiocarpus). In younger assemblages, a gradual decrease in the
contribution of cordaites and seed ferns is observed, which may be considered as an evolutionary trend
(see Taylor et al., 2009) rather than caused by environmental factors. More humid areas, located on the
banks of episodic rivers and lakes/playas, were covered with ferns, horsetails and single lycophytes. It
is possible that the latter could also inhabit the shores of sebha-type salt basins. Cycads/bennettitales
with larger environmental tolerance dominated in the coastal zones. This scenario is confirmed by a
few finds of macrofloral remains, mainly from the Zechstein Limestone in the Holy Cross Mountains:
seed ferns (Palmatopteris, Sphenopteris, Aletopteris), conifers (Ullmania bronni Goppert, U.
frumentaria (Scloth.), U. orobiformis (Schloth.), Pseudovoltzia libeana (Geinitz) and cordaites
(Cardiocarpus), and the North-Sudetic Trough, where ferns (Filicineae) are accompanied by
peltasperms and the conifers Pseudovoltzia and Ullmania (Lipiarski, Sarnecka, 2001).

4.2.2. Rock materials — history of excavation and application

Based on lithological features, | have analysed rock materials (Neogene detritic limestones) used
for the construction of Medieval historic buildings in Szydtéw: the castle palace, defensive walls, the
St. Ladislaus Church, the All Saints Church, and the ruins of the Holy Spirit Church and hospital,
pointing to the places of their exploitation, located around the town (Fijatkowska-Mader et al., 2019).
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I have also participated in determining the rock material used in the architectural details of the 17"
century church and monastery complex on Karczéwka Hill in Kielce (Ztonkiewicz, Fijatkowska-
Mader, 2018), where Lower Triassic and Lower Jurassic sandstones were used apart from the
Palaeozoic ‘Chgciny marbles’.

I have taken part in the research on the history of rock mining (Middle to Upper Devonian
limestones and dolomites) in the Sitkowka area near Kielce (Krdl et al., 2019) and the history of the
exploitation of Lower Devonian sandstones at Barcza Hill near Kielce (Krdl et al., 2020).

Since 2014, | have been organizing a scientific conference entitled ‘Stone in the deposit, landscape
and architecture’ (earlier names of the conference included ‘Interstone’ and ‘Stone Salon’; until 2020
the conference was co-organized with Targi Kielce) and editing the post-conference papers in
Przeglad Geologiczny.

4.2.3. Geodiversity of the Holy Cross Mountains area and its popularization

At the beginning of the new millennium, geoparks, i.e. areas containing geological heritage sites of
significant scientific significance for geology, as well as unique or beautiful objects, representative of
a given region and its geological history, began to appear all over the world. The geodiversity of the
Holy Cross Mountains area obviously predestines this area to be called a geopark. The precursor of the
geopark idea in the discussed area was Z. Rubinowski, the author of the project ‘Checiny—Kielce
Geological Landscape Park’ (Rubinowski et al., 1996). Pienkowski (2004, 2008, 2009) commenced
the activities aimed at creating the ‘Kamienna Valley’ geopark. Together with other employees of the
Holy Cross Branch of the PGI-NRI, I have joined him in preparing the documentation for the planned
geopark (Pienkowski, Fijatkowska, 2010; Mader et al., 2011). Unfortunately, due to the lack of
interest by the local governments of communites included in the geopark, the project has not been
implemented yet.

I have participated in the activities aimed at establishing the Checiny—Kielce Geopark, which was
initially established as the Kielce Geopark, and then as the Swigtokrzyski Geopark, aspiring to the List
of UNESCO Global Geoparks (Trela et al., 2010; Fijatkowska-Mader, Poros, 2011). | have
participated in the study on the concept of the Holy Cross Mountains geoparks network (Trela,
Fijatkowska-Mader, 2013), including: the Geopark of the Kamienna Valley, the Checiny—Kielce
Geopark, the Land of Tetrapod and Fossil Dunes, the Lysogéry Geopark, and the Cisow—Orlowiny
Geopark. Together with Jan Malec (Mader, Malec, 2012; Fijatkowska-Mader, Malec, 2013), we have
developed the project and, with other employees of the Holy Cross Branch of the PGI-NRI (Mader et
al., 2013), prepared the documentation of the Lysogory Geopark. The geopark project has been
presented to the management of the Swietokrzyski National Park (Urban et al., 2020), within which
most of the planned geopark area is located, but no activities aimed at the implementation of the
project have been undertaken yet.

In addition, since 2010, | have been working (independently and in co-authorship) on the geosites
from the Holy Cross Mountains area for the Central Register of Polish Geosites. To date, | have
developed over 100 of them.

4.3. Plans for the future

I plan to continue the research on the Early Triassic microflora from the clay deposits exposed in
Pategi (Holy Cross Mountains), a unique exposure on Polish scale, where miospores accompany
determinable macrofloral remains (Fijatkowska-Mader, Wawrzyniak, 2019). | also intend to continue
research on the Late Triassic microflora from the Kamienica Slaska gravel pit (Upper Silesia)
(Fijatkowska-Mader, Paszkowski, 2016). | would like to continue studies on the Triassic stratigraphy
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in the W and NW margin of the Holy Cross Mountains, as well as on the palynostratigraphy and
palynofacies of the Zechstein and Triassic deposits of the North-Sudetic Basin.

5. Presentation of significant scientific or artistic activity carried out at more than one
university, scientific or cultural institution, especially at foreign institutions

5.1. Foreign scholarships

During my stay on a three-month scholarship in 1991 in the Laboratory of Palaeobotany and
Palinology of the University of Utrecht, | have delivered a series of papers devoted to the
palynostratigraphy of the upper Permian, Triassic and Lower Jurassic of the Holy Cross Mountains for
students and lecturers. | have also participated in workshops on organic matter and palinofacies, which
has resulted in the development of this research in Poland.

During my stay on a monthly scholarship in 1994 in the Institute of Geography, Mineralogy and
Geology of the University of Gottingen, I have developed the palynostratigraphic scheme of the
Zechstein deposits in the Leucht 2 Baddenhain-Siid wells. The results of the palaeoclimatic analysis of
miospore assemblages from these wells were included in the chapter: ‘Klima und Klima-Zyklen im
Zechstein’ (Paul, 2020).

5.2. Participation in the organization of international conferences and scientific workshops

I was the co-organizer of the A4 Fieldtrip (Stop 17; Fijatkowska, 1995¢) during the 13th
International Carboniferous and Permian Congress, which took place on 25-27" August 1995 in the
Upper Silesia and Lublin Coal basins. Apart from the Polish Geological Institute, other universities
(AGH, Institute of Botany of the Jagiellonian University, VSB Technical University in Ostrava,
University in Ostrava) and scientific institutions (Museum in Ostrava, Silesian Museum in Opava,
Institute of Geological Names of the Polish Academy of Sciences in Krakow) were involed in its
organization.

I have been the member of the organizing committee of CIMP (Commission Internationale de
Microflore du Paléozoique) Poland 2010 General Meeting conference and presented two excursion
sites: 2 and 11 (Fijatkowska-Mader, 2010). Apart from the Polish Geological Institute — National
Research Institute, other institutions, i.e. Faculty of Geology of the University of Warsaw, Institute of
Geological Sciences of the Polish Academy of Sciences in Warsaw, and the Committee of Geological
Sciences of the Polish Academy of Sciences also participated in its organization.

5.3. Participation in the organization of national conferences

I have been the member of the organizing committee of the Sixth Swigtokrzyskie Geological and
Geomorphological Meetings entitled: ‘Reconstruction of sedimentary environments based on
sedimentological, geochemical and stratigraphic studies’ in Ameliéwka near Kielce, 17-18" May
2011, co-organised by the Institute of Geography of the Jan Kochanowski University in Kielce,
Association of Polish Gemorphologists, and Geopark Kielce, and the Seventh Swigtokrzyskie
Geological and Geomorphological Meetings entitled: ‘Geodiversity of the Nida Basin in comparison
with other areas of the northern part of the Carpathian Foredeep’ in Busko-Zdr6j, 22—24" May 2013
(Lajczak et al., 2013), co-organized, e.g., by the Institute of Geography of the Jan Kochanowski
University in Kielce, Institute of Nature Conservation, Polish Academy of Sciences in Krakdw,
Department of Geoecology of the University of Warsaw.

In addition, | have been the member of the organizing committee of the 84™ Scientific Congress of
the Polish Geological Society entitled: ‘Extension and inversion of post-Variscian sedimentary basins’
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in Checiny on 9-11" September 2015, co-organized by, e.g., by the Faculty of Geology of the
University of Warsaw. | have been the member of the organizing committee of the Seventh Workshop
on Structural Geomorphology entitled: ‘Structural morphology of the Holy Cross Mountains and the
Nida Basin — the state of research and future prospects’, co-organized by the Institute of Nature
Conservation of the Polish Academy of Sciences in Krakow, the Institute of Geography of the Jan
Kochanowski University in Kielce, the Commission of Structural Geomorphology of the Association
of Polish Geomorphologists, and Geopark Kielce. | have participated in the development of field
sessions on 26™ and 27" September (Fijatkowska-Mader, Ztonkiewicz, 2019; Urban, Fijatkowska-
Mader, 2019).

5.4. Participation in research and research grants from other universities and scientific institutions

I have conducted and/or still conduct joint research with employees from various universities and
scientific institutions, including:

- Institute of Geological Sciences of the Jagiellonian University in the field of: organic matter from the
Lower Silesian Zechstein copper-bearing shale (Fijatkowska et al., 1993), palynostratigraphy of the
Triassic of the Polish Tatra Mts (Fijatkowska, Uchman, 1993), development and age of Upper Triassic
deposits from Upper Silesia (Fijatkowska-Mader, Szluc, 2015) and sedimentation across the
Permian/Triassic boundary in the Holy Cross Mountains (Szulc et al., 2015);

- Institute of Geological Sciences of the University of Silesia, grant no. N307117037, in the
development of palynostratigraphy of Upper Triassic sediments, including bone horizons, from Upper
Silesia (Fijatkowska-Mader et al., 2015; Szulc et al., 2015). As mentioned in subsection 4.2.1.2.3., my
research allowed to establish the Carnian age of these horizons; currently | am working on the analysis
of Early Triassic microflora from Pategi (Fijatkowska-Mader, Wawrzyniak, 2019);

- Institute of Geography and Environmental Sciences of the Jan Kochanowski University in Kielce and
National Museum in Kielce in the field of geoeducation and geotourism (Fijatkowska-Mader et al.,
2018; Pabian et al., 2017a, b) and the history of rock exploitation (Fijatkowska-Mader et al., 2019;
Krol et al., 2019, 2021);

- Institute of Geological Sciences of the Polish Academy of Sciences in Krakéow in the field of:
palynostratigraphy of Lower Devonian deposits in the Holy Cross Mountains (Fijatkowska-Mader et
al., 1997), the age of Upper Triassic, coarse-detritic sediments in Upper Silesia (Fijatkowska-Mader,
Paszkowski, 2016), stratigraphy and sedimentary development of upper Permian and Lower Triassic
deposits in the Holy Cross Mountains (Jewula et al. 2020a, b), grant no. 2018/29/N/ST10/02028, and
the application of PCA statistical analysis to the late Permian and Early Triassic microflora from
Poland (Fijalkowska -Mader et al., 2020; Fijatkowska-Mader, Jewuta 2020; Jewuta et al. 2020b);

- Institute of Nature Conservation of the Polish Academy of Sciences in Krakéw in the field of
geomorphology of the Holy Cross Mountains (Urban, Fijatkowska-Mader, 2019) and the protection
and promotion of geodiversity of the Holy Cross Mountains area (Urban, Fijatkowska-Mader, 2018;
Urban et al., 2020);

- Institute of Botany of the Polish Academy of Sciences in Krakéw in the determination of pollen
grains of the newly discovered Late Triassic plant Patokea silesiaca (Pacyna et al., 2017);

- Research and Development Center KGHM CUPRUM sp. z 0.0. in Wroctaw in terms of stratigraphy
and sedimentary development of the upper Permian and Triassic deposits in the North-Sudetic Basin
(Fijatkowska-Mader et al., 2018).
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6. Presentation of teaching and organizational achievements as well as achievements in
popularization of science or art

6.1. Geoeducation and geotourism

In 2011-2013, | have taken part in the PGI-NRI multi-task project ‘Understanding the Earth’ (the
supervisor of the project was G. Pienkowski; Fijatkowska-Mader et al., 2018). The end result of this
project was the development, printing and delivery to educational institutions (probation offices, in-
service training centers for teachers and schools) throughout the country of the lesson-exercise outline
‘Understanding the Earth’ (Pienkowski et al., 2013a). Beside five lesson topics (Structure of the
lithosphere, Geological past of Poland, Development of the organic world, The main types of rocks
and Polish mineral resources - a topic developed by me, Springs and mineral waters of Poland, Karst
processes), the outline includes a field part with an excursion guide ‘Geodiversity of our country’,
presenting the geology of the Holy Cross Mountains, Upper Silesia and the Polish Jura Chain,
Warsaw, the vicinity of Ktodzko, and the Wigry National Park (Pienkowski et al. 2013b). | have
compiled the ‘Introduction’ to trips to the Holy Cross Mountains and the following excursion sites:
Kielce-Karczéwka, Gorge of the Lubrzanka river in Machocice, Nowa Stupia, “Raj” Cave, Czerwona
Gora Quarry.

In 2014-2019, in the Holy Cross Branch of the PGI-NRI | have coordinated a national geological
competition ‘Our Earth — the natural environment yesterday, today and tomorrow...” (organised by the
Polish Geological Institute — National Research Institute) for the Swietokrzyskie and Lodz
voivodeships. The competition is held in primary and secondary schools, with an art competition in
grades IV-VI and a theoretical competition in the higher grades. Every year there is a different
competition motto (in 2020 it was: ‘Earth (R)Evolutions’) being the topic of the art works, whereas the
theoretical works are written on one of three topics, closely related to the motto. In addition, a test of
geological knowledge is performed (at a basic and secondary level); | take part in preparing questions
for this test.

As a curator of the Geological Museum in the Holy Cross Branch of the PGI-NRI since 2014, |
also conduct museum lessons for primary and secondary school pupils, as well as geology and
geography students (Mader, 2016; Mader, Bak, 2019). In addition, | have participated in the summary
of the educational project ‘ABC of a young geologist’, conducted by K. Pabian at the Primary School
in Kowala (Pabian et al., 2017b).

I try to popularize geology and geological objects in various forms: through publications
(Fijatkowska, Fijatkowski, 1995; Fijatkowska-Mader, Fijatkowski, 2012; Pabian et al., 2017a; Urban,
Fijalkowska-Mader, 2018; Ztonkiewicz, Mader, 2018), participation in picnics (geological picnic in
Battéw in 2010, V-VII Geological Picnic in Sitkéwka-Nowiny in 20122014, 22" and 26" historical
picnic ‘Lead melting’ in Tokarnia in 2014 and 2018 with an exhibition entitled: ‘Copper and lead ores
in the Holy Cross Mountains’), papers delivered as part of the activities of the Holy Cross Branch of
Polish Geological Society, of which I am the president (Pacyna et al., 2016; Ztonkiewicz, Mader,
2018; Wawrzyniak et al., 2019), and recently by developing virtual Earth Caches in the Holy Cross
Mountains area.
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cechsztynu. Prz. Geol., 35: 250-254.

Wagner R., 1994. Stratygrafia osadow i rozw6j basenu cechsztynskiego na Nizu Polskim. Pr. Paristw.
Inst. Geol., 146: 1-71.

Wawrzyniak Z., Kustatscher E., Mader A., Filipiak P. Zapis wczesnotriasowego ekosystemu ladowego
w gliniance Pategi kolo Mniowa. Paper delivered on 27.11.2019.

ZYonkiewicz Z., Fijatkowska-Mader A., 2018. Kamien w architekturze zespotu koscielno-klasztornego
na Karczéwce w Kielcach (Gory Swietokrzyskie). Prz. Geol., 66: 421-435.

Ztonkiewicz Z., Mader A., 2018. Walory geoedukacyjne kamieniotomu Zachetmie w Goérach
Swigtokrzyskich (Polska Potudniowa). Geotourism, 54-55: 11-26.

Ztonkiewicz Z., Mader A. Kamieniarka zespotu klasztorno-koscielnego na Karczowce w Kielcach.
Paper delivered on 21.03.2018.

7. Apart from information set out in 1-6 above, the applicant may include other information
about his/her professional career, which he/she deems important

7.1. Scholarships and awards

1991: Three-month research scholarship at the Laboratory of Palaeobotany and Palynology at the
University of Utrecht (The Netherlands);

1994: Monthly research scholarship at the Institute of Geology, University of Gottingen (Germany);

1994: State award for young Polish scientists and research grant from the Foundation for the
Development of Polish Science;

2015: Award of the Director of PGI-NRI for the best article in ‘Geological Quarterly’ for 2015;
2017: Badge of honor ‘Meritorious for Polish geology’.

7.2. Review of articles

I have acted as the reviewer of numerous scientific articles both in the field of palynology (Review
of Palaeobotany and Palynology, Acta Palaeobotanica, Journal of the Palaeontological Society of
India, German Journal of Geosciences, Annales Societatis Geologorum Poloniae, Biuletyn
Panstwowego Instytutu Geologicznego) and the use of rock raw materials in historical and
contemporary buildings (Przeglad Geologiczny), as well as Poland's geodiversity and its
popularization (Geotourism, Przeglqd Geologiczny, geoeducation and geotourism (Geoheritage,
Przeglaqd Geologiczny).

(Applicant’s signature)
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App. 1.
No. Location

NIDA BASIN
1. Biata wielkaIG 1
Brzegl IG 1
Gidie 2
Gomunice 13
Gomunice 15
Jaronowice IG 1
ledrzejéw IG 1
Ksigz Wielki 1G 1
Miliandw IG 1
10. Pagow IG 1
11. Potok Maly IG 1
12. Secemin IG 1
13, WegleszyniG 1
14. Wioszczowa IG 1
15. Zamoscie IG 1
CERE ] L R e DU
16. BozaWola IG 1 4
17. Cierchy IG 1 1
18. Eugeniow-Korytkdw IG 1 4
19. Goleniawy IG 1 1
20. Mniszkéw IG 1 4
21. Momina * 1
22. Niedwifi PIG 1 7
23. Oblegor PIG 1 1
13
8
2
6
3

Number of Analyzes
assemblages PPC SEG PCA
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w

24. Opoczno PIG 2
25. Ostatdéw PIG 2

26. Promnik IG 1
27. Radwanow IG 1
28. Studzianna IG 2

W N

AAL

SUDETIC |

1 1 1 0
30. Dachéw M 24 1 1 1 0
31. Dychow M 26 1 1 0 0
32. Jasien P4 1 1 0 0
33. Kosierz M 25 1 1 1 0
34, Lubiatow M 20 1 1 1 0
35. tazy P 7 1 1 0 0
36. Nowa WiesP 1 1 1 1 0
37. OwyAiG 1 1 1 1 0

NE POLAND _

38. Bartoszyce IG 1 3 3 3 0
39. Marianka IG 1 a 4 4 4 0
40. Morski Las IG 2 a 1 1 1 4]
41, Ptaszkowo IG 3 a 3 3 3 0
42, Przylesie a i 1 1 a
43. NidzicalG 1 a 1 1 1 1
44, Plonsk IG 2 a 2 2 2 2
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Number of Analyzes

No:Lucation assemblages PPC SEG PCA
45. Raducz IG 1 3 1 1 1 0
NW POLAND
46. Bobolice 3 a 1 1 1 1
47. Czaplinek IG 2 a 1 1 1 0
48, Jamno IG 2 a 1 1 1 0
49. Xamien Pom.IG 1 a 1 1 1 0
50. Polczyn 1G 1 a 1 1 1 0
W POLAND.

51. Drawno GEO 2 a 1 1 1 0
52. Gorzow Wikp. 1G 1 a 1 1 1 0
53. Ksigz IG 2 a 1 1 1 1
54. tagéw Lub.1G 1 a 1 1 1 0
55, Miedzychdd IG 1 a 1 1 1 0
S6. Oéno IG 1 a 1 1 1 1
57. 0sn0 IG 2 a 2 2 2 2
58. SulechéwiG 1 a 3 3 1 3
59. Sroda IG 2 a 3 3 3 0
60, Wagrowiec IG 1 a 3 3 3 3
61. Wielichowo IG 1 a 1 1 1 0

a 2 2 2 0

. Zbaszynek IG 1

. ra 1 a
64, Odra 3 a
65, Wielun KW 1 a

a

66. Wolczyn IG 1
67.Sw. Anna*

1
3
3
1
1

68.BPH 142 a 1
69.N 216 a 1
70. WB 12 a 1
71. Woiniki K 1 3
72. 2474 a 1
73.ZM 66 a 1

sum: 173 173 1

71 boreholes
2 outcrops

* - outcrops

a - assemblages analyzed on the basis of T. Orfowska-Zwolifiska’ collections stored
in the Geological Museum of the Polish Geological Institute-NRI in Warsaw
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App. 2. Botanical affinity of miospore genera

Genus

Mother plants

SPORES:
Acanthotriletes
Anapiculatisporites
Apiculatisporites
Aratrisporites

Asseretospora
Baculatisporites

Calamospora

Camarozonosporites
Carnisporites
Conbaculatisporites

Concavisporites

Concentricisporites
Converrusosisporites
Convolutispora
Corrugatisporites
Cyclotriletes

Cycloverrutriletes
Deltoidospora
(Cyathidites)
Densoisporites

Densosporites
Dictyophyllidites

Echinitosporites
Endosporites
Equisetumsporites
Gleicheniidites
Heliosporites
Kraeuselisporites

Laevigatisporites
Laevigatosporites
Leschikisporis

Lundbladispora

Lycopodiacidites
Lycopodiumsporites
Lycospora
Marattisporites
Nevesisporites
Osmundacidites

Polypodiumsporites
Porcellispora
Puntatisporites

Paprocie zarodnikowe incerte sedis: Sphenopteris (Balme, 1995)

Widtaki r6znozarodnikowe: poryblinowce: Isoetites (Balme, 1995; Kustatscher i in., 2012)
Paprocie zarodnikowe: Marattiaceae (Balme, 1995)

Widlaki r6znozarodnikowe: poryblinowce: Isoetites, pleuromejowce: Cyclostrobus;
widliczki: Selaginellites (Helby i Martin, 1965; Grauvogel-Stamm, 1978; Grauvogel-Stamm
i Duringer, 1983; Ortowska-Zwolinska, 1979, 1983; Mader, 1990, 1997; Ruckwied, 2009;
Kurschner i Herngreen, 2010; Kustatscher i in., 2012)

Widlaki r6znozarodnikowe: poryblinowce: Isoetites (Visscher i in., 1994)

Paprocie zarodnikowe: Dipteridaceae: Thaumatopteris (Balme, 1995; Van Konijnenburg-
Van Cittert, 2002)

Skrzypy: Neocalamites (Ortowska-Zwolinska, 1979; Kelber i Van Konijnenburg-Van
Cittert, 1998)

Widtaki jednakozarodnikowe: widtakowce: Lycopodites (Ortowska-Zwolinska, 1979)
Paprocie zarodnikowe: Schizeaceae (Roghi, 2004)

Paprocie zarodnikowe: Dipteridaceae: Thaumatopteris (Pedersen i Lund, 1980; Roghi,
2004)

Paprocie zarodnikowe: Dicksoniaceae, Mationiaceae: Phlebopteris (Balme, 1995;
Kustatscher i in., 2012), Matoniaceae (Van Konijnenburg-Van Cittert, 1993; Roghi, 2004),
Paprocie zarodnikowe (Kustatscher i in., 2010)

Paprocie zarodnikowe: Marattiaceae: Rhinipteris (Roghi, 2004)

Paprocie zarodnikowe (Roghi, 2004)

Paprocie zarodnikowe (Roghi, 2004)

Paprocie zarodnikowe: Osmundaceae: Neuropteris (Madler, 1964; Ortowska-Zwolinska,
1979, 1983)

Paprocie zarodnikowe: Osmundaceae: Neuropteris (Ortowska-Zwolinska, 1979)
Paprocie zarodnikowe: Cyathaeacae, (Douglas, 1973; Van Konijnenburg-Van Cittert,
1989, 1993; Balme, 1995)

Widtaki r6znozarodnikowe: pleuromejowce: Pleuromeia, widliczki: Selaginellites (Knox,
1950; Lundblad, 1950, Yaroshenko, 1975; Ortowska-Zwolinska, 1979; Meyen, 1987; Looy
iin., 1999, 2005)

Widtaki r6znozarodnikowe: widliczki: Selaginellites (Balme, 1995)

Paprocie zarodnikowe: Dipteridaceae: Dictyophyllum, Matoniaceae: Matonia (Van Konijnen
Van Cittert, 1989,1993; Balme, 1995; Barbacka i in., 2016)

Paprocie zarodnikowe incerte sedis: Chiropteris (Scheuring, 1970)

Widtaki (Kirschner i Waldemaar Herngreen, 2010): Selaginellaceae (Looy i in., 1999)
Skrzypy: Equisetites (Balme, 1995)

Paprocie zarodnikowe: Gleicheniaceae: Gleichenia (Potonié, 1967)

Widtaki r6znozarodnikowe: Selaginellaceae (Ortowska-Zwolinska, 1979)

Widtaki r6znozarodnikowe: Selaginellaceae (Balme, 1995; Roghi, 2004; Kirschner i
Herngreen, 2010; Kustatchser i in., 2012)

Widtaki r6znozarodnikowe: Selaginellaceae (Balme, 1995)

Skrzypy: Bowmanites (Balme, 1995)

Paprocie zarodnikowe: Marattiaceae: Danaeopsis (Ortowska-Zwolinska, 1983; Balme,
1995)

Widtaki r6znozarodnikowe: Selaginellaceae (Yaroshenko, 1975; Ortowska-Zwolinska,
1979; Kdrschner i Herngreen, 2010; Looy i in., 2005)

Widtaki jednakozarodnikowe: Lycopodites (Filatoff, 1975; Abbink, 1998)

Widtaki jednakozarodnikowe: Lycopodium (Filatoff, 1975)

Widtaki: Lepidocarpaceae (Balme, 1995)

Paprocie zarodnikowe: Marattiaceae: Marattiopsis (Ortowska-Zwolinska, 1983)

Widtaki r6znozarodnikowe: Selaginellaceae (Kustatscher i in., 2010),

Paprocie zarodnikowe: Osmundaceae: Osmundopsis (Van Konijnenburg-Van Cittert,
1978; Balme, 1995; Kustatscher i in., 2012)

Paprocie zarodnikowe: Polypodiaceae (Balme, 1995)

Mchy (Mader, 1997; Reinhardt i Ricken, 2000; Roghi, 2004)

Paprocie zarodnikowe: Osmundaceae: Neuropteris (Grauvogel-Stamm i Grauvogel, 1980)

35




Reticulatisporites
Sphagnhumsporites
Todisporites

Toroisporis
Trachysporites

Uvaesporites

Verrucosisporites
Zebrasporites

POLLEN GRAINS:
Alisporites

Angustisulcites

Araucariacites
Aulisporites

Brachysaccus
Callialasporites
Camerosporites

Cedripites
Cerebropollenites
Chasmatosporites
Classopollis (Corollina)
Cycadopites

Duplicisporites
Ellipsovelatisporites
Enzonalasporites
Eucommiidites

Granuloperculatipollis
Heliosaccus

lllinites
(Succinctisporites)

Infernopollenites
Klausipollenites

Kugelina
Labiisporites
Limitisporites
Lueckisporites
Lunatisporites

Microcachryidites
Minutosaccus
(Protodiploxypinus)

Monosulcites
Ovalipollis

Parillinites
Partitisporites

Paprocie zarodnikowe: Dipteridaceae (Roghi, 2004)

Mchy (Filatoff, 1975)

Paprocie zarodnikowe: Osmundaceae: Todites (Ortowska-Zwolinska, 1983; Balme,
1995), Marattiaceae (Pott i in., 2018)

Paprocie zarodnikowe: Osmundaceae: Todites (Roghi, 2004)

Paprocie zarodnikowe Osmundaceae (Bonis, 2010), Dipterideceae (Pott i in., 2018)

Paprocie zarodnikowe: Osmundaceae: Cladophlebis (Roghi, 2004); widtaki:
Selaginellaceae (Balme, 1995; Kustatscher i in., 2012), Pleuromeiceae (Looy i in., 2005)
Paprocie zarodnikowe: Marattiaceae (Ortowska-Zwolinska, 1979; Balme, 1995)
Paprocie zarodnikowe: Mationiaceae: Phlebopteris (Petersenii in., 2013)

Iglaste: wolcjowe: Ullmaniacae, Podocarpaceae (Grauvogel-Stamm, 1978; Balme, 1995);
paprocie nasienne (Jersey de, 1964; Van Konijnenburg-Van Cittert, 1971; Balme, 1995;
Reichgelt i in., 2013), Corystospermales (Taylor i in., 2009); mitorzebowe (Larsson, 2009)
Iglaste (Kirschner i Herngreen, 2010), wolcjowe (Reichgeltiin., 2013), Aethophyllaceae
(Looy iin., 1999)

Iglaste: Araucariaceae (Roghi, 2004; Reichgelt i in., 2013)

Sagowcowe (Krausel et Schaarschmidt, 1966; Balme, 1995; Kustatscher i in., 2012);
benetyty (Visscher i in., 1994); skrzypy (Ortowska-Zwoliriska, 1983);

Iglaste: wolcjowe (Ortowska-Zwolinska, 1979)

Iglaste: Araucariaceae (Roghi, 2004; Reichgelt i in., 2013)

Iglaste: Cheirolepidiaceae (Scheuring, 1970; Visscher i in., 1994; Roghi, 2004); paprocie
nasienne (Balme, 1995);

Iglaste: Cedraceae; Cedrus (Potonié, 1967)

Iglaste: Taxodiaceae: Taxus (Larsson, 2009)

Benetyty: Wielandiella (Tralau, 1968; Kurschner i in., 2014), mitorzebowe (Balme, 1995)
Iglaste: Cheirolepidiaceae (Van Konijnenburg-Van Cittert, 1987; Balme, 1995)

Benetyty: Cycadoides (Kirschner i in., 2014); sagowce, paprocie nasienne:
Peltaspermales (Balme, 1995);

Iglaste: Cheirolepidiaceae (Visscher i in., 1994; Roghi, 2004)

Iglaste: Pelourdea (Mader, 1997)

Iglaste (Balme, 1995; Visscher i in., 1994; Roghi, 2004), wolcjowe (Reichgelt i in.,2013)
Benetyty: Wielandiella (Van Konijnenburg-Van Cittert, 1987; Balme, 1995),
Erdtmannithecales (Petersen i in., 2013), gniotowce (Pedersen i in., 1989)

Iglaste: Cheirolepidiaceae (Ortowska-Zwolinska, 1983; Roghi, 2004)

Iglaste: Cheirolepidaceae (Ortowska-Zwolinska, 1979)

Iglaste: Utrechtiaceae: Lebachia (Ortowska-Zwolinska, 1979, 1983; Balme, 1995),
wolcjowe (Grauvogel-Stamm i Grauvogel, 1973; Kustatchser i in., 2012); paprocie
nasienne (Kurschner i Herngreen, 2010)

Iglaste incerte sedis (Visscher i in., 1994; Roghi, 2004)

Iglaste: wolcjowe: Majonicaceae (Potonié, 1967; Reichgelti in., 2013): Pseudovoltzia
Visscher, 1971)

Iglaste: Cheirolepidaceae (Balme, 1995)

Iglaste: wolcjowe (Ortowska-Zwolinska, 1983)

Iglaste: wolcjowe: Ullmania (Balme, 1995)

Iglaste: wolcjowe: Ulimania (Visscher, 1971); Majonicaceae (Balme, 1995)

Iglaste: Podocarpaceae (Clement-Westerhof, 1974; Visscher i in., 1994; Balme, 1995;
Roghi, 2004), paprocie nasienne: Peltaspermales, benetyty: Pterophyllum (Looy i in.,
2005)

Iglaste: Podocarpaceae (Balme, 1964, 1995)

Iglaste (Samoilovich, 1953): Pineaceae lub Podocarpaceae (Scheuring, 1970;
Kustatscher i in., 2012), wolcjowe (Klrschner i Herngreen, 2010), paprocie nasienne
(Reichgeltiin., 2013)

Benetyty: Cycadoides (Potonié, 1967; Van Konijnenburg-Van Cittert, 1971; Boutler i
Windle, 1993), mitorzebowe (Van Konijnenburg-Van Cittert, 1971)

Iglaste: wolcjowe (Scheuring, 1976; Ortowska-Zwolinska, 1979; Roghi, 2004)

Iglaste

Iglaste: Cheirolepidaceae (Ortowska-Zwolinska, 1979, 1983; Visscher i in., 1994; Roghi, 2004)
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(Paracirculina)
Patinasporites
Perinopollenites
Platysaccus
Podosporites

Praecirculina

Protohaploxypinus

Rhaetipollis
Riccisporites
Spheripollenites
Striatoabietites
Striatopodocarpites
Triadispora
Tsugaepollenites
Vallasporites

Vesicaspora
Vitreisporites

Voltziacaesporites

Iglaste: Majoniceaceae (Axsmith iin., 1998, Reichgelt i in., 2013)

Iglaste: Taxodiaceae/Cupressaceae (Balme, 1985; Van Konijnenburg-Van Cittert i Van
der Burgh, 1989; Van Konijnenburg-Van Cittert 2002; Larsson, 2009)

Iglaste: Podocarpaceae (Balme, 1995); paprocie nasienne: Corystospermales (Traverse,
1988; Kustatscher i in., 2012)

Iglaste: Podocarpaceae (Ortowska-Zwolinska, 1983; Balme, 1995; Kiirschner

i Herngreen, 2010; Kustascher i in., 2012; Reichgeltiin., 2013)

Iglaste: Cheirolepidacae (Cornet, 1977; Visscher i in., 1994; Roghi, 2004; Kiirschner

i Herngreen, 2010)

Iglaste (Ortowska-Zwolinska, 1983; Visscher i in., 1994), wolcjowe (Balme, 1995);
paprocie nasienne: Peltaspermales: Permotheca, Tatarina? (Balme, 1995; Reichgeltiin.,
2013); mitorzebowe: Glossopteridales: Arberiella (Balme, 1995)

Iglaste (Larsson, 2009)

Iglaste: Albertiaceae (Rhotwell i in. 2000; Vajda i in., 2013); mchy: Marchanteacae
(Lundblad, 1954; Balme, 1995), nagozalgzkowe (Ortowska-Zwolinska, 1979, 1983),
?benetyty (Mander i in., 2012; Kirschner i in., 2014)

Igalste: Taxodiaceae (Abbink, 1998; Roghi, 2004)

Iglaste incerte sedis (Scheuring, 1970; Meyen, 1981, 1987; Visscher i in., 1994),
?paprocie nasienne (Kustatscher i in., 2010)

Mitorzebowe: Glossopteridales: Arberiella (Balme, 1995)

Iglaste: wolcjowe, Albertiaceae: Albertia (Grauvogel-Stamm, 1969, 1978; Scheuring,
1976; Ortowska-Zwolihska, 1979, 1983; Balme, 1995; Brugman, 1986; Visscher i in.,
1994; Kirschner i Herngreen, 2010; Reichgelt i in., 2013)

Paprocie nasienne: Peltaspermales (Kirschner i Herngreen, 2010); iglaste:
Podocarpaceae (Taylor i in., 2009)

Iglaste: wolcjowe (Visscher i in., 1994; Roghi, 2004; Reichgelt i in., 2013), paprocie
nasienne (Kurschner i Herngreen, 2010)

Paprocie nasienne: Peltaspermales (Balme, 1995)

Kajtonie: Sagenopteris (Van Konijnenburg-Van Cittert, 1971; Balme, 1995; Mander i in.,
2014), Caytonanthus (Taylor i in., 2009); benetyty (Van Konijnenburg-Van Cittert, 2008)
Iglaste: wolcjowe (Balme, 1995; Reichgeltiin., 2013), Yuccites (Looy i in., 1999)

Literature not included in the ,,Summary of Professional Accomplishments”
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