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1. Introduction and objectives

Nowadays environmental problems (climate change, soil degradation, biodiversity
loss) are creating new challenges for agriculture. As extreme weather events
become more frequent, precipitation patterns change and temperatures rise, the
species composition and structure of the vegetation changes. The ecosystem
services, including phytomass production, also change, which may lead to increased
variation however the expected magnitude of changes is unknown. Therefore, it is
essential to know as precisely as possible the spatial (and temporal) variation in
phytomass production, which is the main topic of my thesis.

My questions were the following:

1. What is the optimal sampling method to characterize the spatial variability of the
phytomass quantity?

2. How does the spatial and temporal variability of the phytomass quantity of the
investigated grassland communities change?

3. How do the composition, species richness and structural diversity of the
vegetation affect the spatial variability of phytomass quantity?

4. s there a relationship between the amount of precipitation and the amount and
spatial variability of grassland phytomass?

5. What differences can be observed in the spatial variability of phytomass during
degradation and regeneration of grasslands?

2. Material and methods
Study sites

I worked in 5 different vegetation types (loess grasslands and steppe steppe with
bound soils - H5a, sandy steppe steppe - H5b, open sandy steppe - G1, swamp
steppe - D34, shrub steppe - Flb) in 11 sample areas (Battonya, Csévharaszt,
Dinnyés, Esztergom, Fiilophdza, Gonyt, Kunpeszér, Mérahalom, Nagyrakos, Tece,
Tiszaalpar). The sampling was carried out in grasslands between 2013 and 2022,
and also in Battonya, Dinnyés, Fiilophaza, Kunpeszér, Moérahalom, Nagyrakos,
Tece and Tiszaalpar. A total of 87 transects were recorded, of which 59 were taken
in grassland and 28 in old fields. At three sites (Battonya, Kunpeszér, Tiszaalpar),
one transect was taken each month between March and October 2016 to investigate
the temporal changes of the phytomass within the growing season. In addition, in
Kunpeszér, transects were taken in 2017 and 2018 in areas treated with different
grazing intensities and in mown areas to study the effects of different treatments on
vegetation structure and phytomass production.

Field sampling

The standard sampling was carried out along a 60 m transect, during which a total
of 31 50 x 50 cm quadrats were selected and recorded. The sampling quadrats were
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equally spaced along the entire length of the transect. During the methodological
sampling, 31 100 cm x 50 cm rectangular sampling units were placed along the 60
m long transect, with a distance of 2 m between the left corners and the lower edge
in contact with the line. This was divided into two parts, creating two 50 x 50 cm
quadrats in contact with each other, with a 25 x 25 cm quadrat placed in each of the
left corners. During the field sampling, coenological relevés were made first in the
smallest quadrat and then in the 50x50 cm quadrats (the 50x50 cm sample included
the 25 x 25 cm quadrats), then phytomass sampling was carried out in the 25 x 25
cm quadrats, followed by the remaining 50 x50 cm quadrat (to which | added the
phytomass from the 25 x 25 cm quadrat to obtain the total phytomass for the 50 x
50 cm quadrat). In the largest, 100 x 50 cm quadrat, cover estimation and
phytomass sampling were not performed, but a computer algorithm was used to
combine the ocenological and phytomass data of the contiguous 50 x 50 cm
sampling units included in the data processing.

Coenological relevés were made according to the modified method of Braun-
Blanquet (Braun-Blangquet 1964) by recording the percentage cover of the plant
species, moss and litter. Afterwards aboveground phytomass was clipped and dried.

In case of the grazing gradient in Kunpeszér, a microcoenological sampling was
made with 3 short transsects (5 m) was sampled along the 60 m transsect, at 0-5 m,
28-33 m, and 55-60 m. In these transects the presence of rooting plant species was
recorded in 5x5 cm microquadrats.

Data analysis

| determined the sufficient sample size of quadrats by investigating the mean,
standard deviation and coefficient of variation (CV%) of the phytomass for each
different grassland type, using a given number of sampling units and for each
quadrat size.

| determined the number of species occurring in the quadrats and calculated their
Shannon diversity.

| also used standard CV and quartile CV to investigate the variation in phylomass.
Synchrony between different vegetation characteristics (number of species, total
cover, diversity - for all species and separately for perennials and annuals) and
weather characteristics (total precipitation for the 4, 6 and 12 months preceding the
sampling) was investigated using the index developed by Buonaccorsi et al. (2001).
For the data analysis, I used the Balazs quadrat method (Baldzs 1949) to determine
the forage value.

To evaluate microcoenological transects, | used the florula diversity index (Juhasz-
Nagy 1980).

3. Results and discussion
Larger sample sizes are necessary to estimate CV than the well established sample

sizes used for measuring mean biomass but the 31 samples | proposed estimated
this parameter with high accuracy in the grassland communities studied.
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The results showed the phytomass quantities in different habitat types (grasslands
and old fields), their distribution, seasonal dynamics and spatial variation. For loess
grassland and steppes (H5a) and open sandy grassland (G1), the spatial CV% of
higher phytomass values remains low, but for sandy steppes (H5b) this correlation
is not observed. | have identified the species that had dominant contribution to
phytomass and its variation.

The comparison of the results obtained with the standard and quartile CV indicators
shows that the stronger the outliers in the lower and upper quartiles, the greater the
difference between the two CV calculation methods. The data points for open sandy
grasslands were distinct from the more closed grasslands, with a larger difference
between the two CV values.

For grasslands, a negative correlation between spatial CV% of phytomass and
averages of phytomass volume was observed, but this was not the case for the old
fields. Analysing 10 years of data, a convergence between the CV% values of
grasslands and old fields was observed, with the values of old fields typically
approaching the lower ranges of the coefficient of variation values. For the Shannon
diversity, no such clear trend was found for the old fields.

The analysis of the species in each transect by SBT values determined the patterns
and dominant groups in each habitat. | found that the spatial coefficient of variation
of phytomass amount has significant seasonal dynamics related to the amount of
phytomass, with a minimum CV% value occurring during the time of phenological
optimum of the grassland.

The average forage value in the Battonya site showed an increasing trend with
succession, while the CV% decreased in case of the old fields, whereas in case of
the grasslands the average decreased towards the end of the period and the CV%
increased slightly.

To summarize the results of the synchrony analysis of the data collected at
Battonya, significant synchrony was obtained between the amounts of precipitation
and the mean phytomass in two cases, while for the coefficient of variation it was
obtained once. The inter-annual variation of the mean phytomass amount showed
perfect synchronism with the inter-annual variation of the annual precipitation
amount for loess grasslands of good naturalness.

Based on the results of the analysis of the grazing gradient in the Kunpeszér, the
lowest value was found in the lightly grazed transect, followed by a slightly higher
CV% in the moderately grazed transect, then a slightly higher value in the heavily
grazed transect, followed by a larger jump in the overgrazed transect. The Shannon
diversity value at this scale was not suitable for detecting changes in vegetation, so |
used the microcoenological relevés to determine the florula diversity value, which
is @ more sensitive indicator of structural dynamics at fine scales. This showed that
the different treatments were well differentiated, with medium grazing diversity
resulting in the most complex vegetation structure in the grassland, while the lack
of the proper management had an adverse effect on this trait, however a significant
increase in grazing pressure resulted in significantly poorer coexistence patterns at
small spatial scales.



4, Conclusions

I concluded that three 50 x 50 cm quadrats are sufficient to estimate and evaluate
the average phytomass, however, more samples are needed to determine the spatial
variation of the phytomass. | found that the number of the required samples are 11
in homogeneous grasslands, 13 in open grasslands and 19 in closed grassland types.
The higher sample sizes required in heterogeneous grasslands were confirmed also
by the literature (Tsutsumi et al. 2007).

My results can be used as a reference for further research and for practical
applications. The optimal time of sampling based on the seasonal dynamics of the
spatial CV% of the phytomass is at the phenological optimum of the grassland,
when the CV% is at its minimum and the average amount of phytomass is at its
maximum. Variability of phytomass production showed seasonal trends also in
other studies (Klaus et al 2016).

The coefficient of variation (CV) is a commonly accepted measure of variability
(Zar 1999), and besides the standard CV, quartile CV is also used (Botta-Dukat
2023). Based on my results | suggest the use of the standard CV to characterize the
spatial variability of phytomass and the functioning of stands, since the calculation
of interquartile CV omits from the analysis some sample elements that still carry
important information from a functional ecological point of view.

The analyses of species compositions have shown that the species do not contribute
equally to the phytomass of the quadrats.

There was significant synchrony between the previous 12-month precipitation and
mean phytomass of the transect in the H5a grassland at Battonya, while the change
in precipitation had no effect on CV%. In the case of the old field, the change in
phytomass and spatial CV% followed the change in the previous 6-month
precipitation.

In case of the sampling along the grazing gradient in Kunpeszér, with
microcoenological recording, | was able to detect structural differences between
patches grazed at different intensities even when the conventional Shannon
diversity index did not indicate differences between treatments.

Using the sampling method | have developed and presented in my thesis, we can
investigate the spatial variability of the amount of phytomass in individual
grasslands with sufficient accuracy. However it is necessary to know not only the
spatial variation but also the temporal variation of the phytomass. There are results
suggesting that temporal and spatial variability are related (Viragh et al. 2008).
Further studies are needed to better understand this relationship, and my proposed
methodology may provide a good basis for future studies.

5. New scientific results

1. 1 developed and tested a new sampling method to measure spatial variation in
the amount of phytomass in grassland communities under real field conditions and
determined the optimal sampling design to study the spatial variation of the
phytomass quantity. The extensive and labour-intensive field data collection was
carried out in several grassland types in different parts of the country, resulting in
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information on the spatial variability of phytomass production in habitats and
communities with different degrees of organisation. During the methodological
studies, | found that the favourable time for sampling is during the period of
phenological optimum of the grass communities, typically in May and June.

2. | investigated the spatial variability of the phytomass of different habitat types
and their old fields with a large number of replicates (87 transects). There were
considerable differences. Magnitudes of the spatial variation differ significantly
between habitat types. Within a particular habitat, variations appear between site
replicates or within the same site between seasons and between years. Spatial
coefficients of variation in the amount of phytomass were typically higher in old
fields and in less organised (degraded) stands.

3. For each habitat type, | analyzed how the different species contributed to the
spatial variation and pattern of phytomass. in different habitat types and found that
species contribute differently to the phytomass abundance and spatial coefficient of
variation.

4 The relationship between the meteorological parameters and the phytomass
characteristics was investigated using a synchrony test and the associated
randomization test. This suggests that both the mean (p=0.001) and coefficient of
variation (p=0.02) of the phytomass are significantly synchronous with the direction
of change of the previous 6-month precipitation totals. In case of the previous 12-
month precipitation, there was a significant synchrony with the mean amount of
phytomass in grasslands (p=0.001).

5. At the Battonya site, | found that during the succession, the average forage value
of the old field transects increased during the regeneration while the CV% of the
forage value decreased. In this respect, the old field was already similar to the
natural grassland at the age of 10-12 years.

6. The spatial CV% of phytomass decreased in the case of regeneration of Battonya
old fields, while it increased in the case of degradation due to overgrazing of the
grassland. | implemented a microcoenological sampling in the grazing gradient in
Kunpeszér in 2018, and this methodological improvement allowed the detection of
changes in organisation at a fine scale.
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11. Zsofia Szegleti, Adrienne Ortmann-Ajkai, Zimmermann Zita, Szabé Gabor, Vig
Akos, Ferenc Horvath: Mintafdk élettorténetének kovetése a  Var-hegy
Erddrezervatum felhagyott 6regerdd allomanyaiban. In: TAKACS A. & SONKOLY
J. (szerk.) (2021): XIII. Aktudlis Flora- és Vegetaciokutatas a Karpat-medencében
nemzetkozi konferencia. Program és dsszefoglalok. — Okoldgiai Kutatokozpont &
Debreceni Egyetem, Debrecen, p. 113. ISBN 978-963-490-342-0

12. Bartha, S; Csete, S; Campetella, G; Canullo, R; Chelli, S; Mojzes, A; Kun, A;
Kun, R; Molnar, Zs; Szabd, G, Szentes Sz, Terziyska T, Wellstein C, Zimmermann
Z: Scrutinizing functional patterns and assembly rules estimated from transect data.
In: s.n. - 2nd International Conference on Community Ecology Book of Abstract
Budapest, Magyarorszag: Akadémiai Kiado, (2019) pp. 87-88., 2 p. ISBN 978-963-
454-370-1

13. Bartha, S ; Csete, S ; Campetella, G ; Canullo, R ; Carni, A ; Chelli, S ; 1.,
Csatho A ; Hazi, J ; Kun, A ; Kun, R, Molnar Zs, Purger D, Ruprecht E, Szabo A,
Szabo G, Szentes Sz, Viragh K, Wellstein C, Zimmermann Z: Are there invariant
and specific characteristic spatial scales of diversity patterns in grasslands? In: s.n. -
2nd International Conference on Community Ecology Book of Abstract Budapest,
Magyarorszag : Akadémiai Kiado, (2019) pp. 12-13., 2 p. SBN 978-963-454-370-1

14. Papay, G ; Szabd, G ; Zimmermann, Z ; Firész, A ; S.-Falusi, E ; Penksza, K:
Phytoceonological studies in open sandy grasslands in the Hungarian Northern
Great Plain (Festuca species and species composition of plant communities). In:
Rosario, G. Gavilan; Alba, Guitérrez-Giron - 28th EVS Meeting: Abstracts &
Programme : Vegetation Diversity and Global Change. Madrid, Spanyolorszag :
Universidad Complutense de Madrid, (2019) p. 147. ISBN 978-84-09-13738-1

15. Csath6 Andras Istvan, Kun Robert, Guller Zso6fia Eszter, Csathd Andras Janos,
Purger Dragica, Hazi Judit, Szabé Gabor, Zimmermann Zita, Bartha Sandor,
Molnar Csaba: Osi 16szpusztagyep-dlloméany fajkészletének hosszii  tava
dinamikaja. In: TAKACS A. & SONKOLY J. (szerk.) (2021): XIII. Aktuélis Flora-
és Vegetaciokutatas a Karpat-medencében nemzetkézi konferencia. Program és
osszefoglalok. — Okologiai Kutatokdzpont & Debreceni Egyetem, Debrecen, p. 56.
ISBN 978-963-490-342-0
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16. Szegleti, Zsofia; Szabd, Géabor; Zimmermann, Zita; Penksza, Karoly: A
természetvédelmi kezelés hatasai a dinnyési-fertd szikes gyepjeire. In: Papay,
Gergely (szerk.) "IV. Fenntarthato fejlédés a Karpat-medencében" konferencia.
G06dollé, Magyarorszag: Szent Istvan Egyetem, Egyetemi Nyomda, (2019) p. 79.
ISBN: 9789632698793

17. Bartha Sandor, Zimmermann Zita, Szabé Gabor, Hazi Judit, Mojzes Andrea,
Csathd Andras Istvan, Komoly Cecilia, Onodi Gébor, Kréel-Dulay Gyérgy:
Idojarasi szélsoségekre adott vegetacios valaszok leirasa mikro-léptékli fajcsere-
mintazatokkal. BOTANIKAI KOZLEMENYEK (2019), 106 : 1, pp. 146-147. ISSN
0006-8144.

18. Penksza Karoly, Szabé Géabor, Zimmermann Zita, Lisztes-Szab6 Zsuzsa, Papay
Gergely, Fiirész Attila, Jardi I1diko, BShm Eva Irén, S.-Falusi Eszter: A Festuca
psammophilaPawlus ser. hazai taxonjai. BOTANIKAI KOZLEMENYEK (2019),
106 : 1, p. 148. ISSN 0006-8144.

19. Penksza Karoly, Szabé Gabor, Zimmermann Zita, Csontos Péter, Wichmann
Barnabas, Szentes Szilard, Barczi Attila, Michéli Erika, Fuchs Marta, Papay
Gergely, Jardi 11diko, S-Falusi Eszter: Nyilt homoki gyepek conologiai és
talajtani vizsgalata. Egyeduralkodé faj-e a Festuca vaginata a Duna-Tisza kozi
nyilt homoki gyepekben? In: Molnar V. A., Sonkoly J., Takacs A. (szerk.) (2018):
Program ¢és 0Osszefoglalok. XII. Aktualis Flora- ¢és Vegetaciokutatds a
Kéarpat-medencében nemzetkdzi konferencia. Debreceni Egyetem TTK Novénytani
Tanszék, Debrecen, p. 29. ISBN 978-963-473-926-5

20. Penksza Karoly, Szabé Gabor, Zimmermann Zita, S.-Falusi Eszter (2018): Egy
uj nyilt homokpusztai tarsulas. Botanikai Kozlemények 105(2): 290. ISSN 0006-
8144

21. Jardi Ildikd, Penksza Kéaroly, Szabé Gébor, Zimmermann Zita, Héjja Péter,
Papay Gergely, S-Falusi Eszter: Marhalegel6k 6sszehasonlito conologiai vizsgalata
az Ipoly menti homoki gyepekben. In: Molnar V. A., Sonkoly J., Takacs A. (szerk.)
(2018): Program és Osszefoglalok. XII. Aktualis Flora- és Vegetdciokutatas a
Karpat-medencében nemzetkozi konferencia. Debreceni Egyetem TTK Novénytani
Tanszék, Debrecen, p. 70. ISBN 978-963-473-926-5

22. Zimmermann Zita, Szabé Géabor, Hajnaczki Sandor, Stilling Ferenc Tamas, Poti
Péter, Pajor Ferenc, Kerényi-Nagy Viktor, Wichmann Barnabas, Penksza Karoly:
Kecskelegelok conologiai és természetvédelmi vizsgalatai és értékelésik. In:
Molnar V. A., Sonkoly J., Takacs A. (szerk.) (2018): Program ¢és dsszefoglalok. XII.
Aktudlis Flora- és Vegetaciokutatas a Karpat-medencében nemzetkozi konferencia.
Debreceni Egyetem TTK Novénytani Tanszék, Debrecen, p. 100. ISBN
978-963-473-926-5

13



23. Papay, Gergely ; Penksza, Karoly ; Fehér, Adam ; Szemethy, Laszl6 ; Salata,
Dénes ; S-Falusi, Eszter ; Kerényi-Nagy, Viktor ; Szabd, Gabor ; Wichmann,
Barnabas ; Katona, Krisztian: A vadragas hatdsa a matrai hegyvidéki gyepek
restauraciojaban. In: Molnar, V Attila; Sonkoly, Judit; Takacs, Attila (szerk.) XII.
Aktudlis Flora- és Vegetdciokutatds a Kérpat-medencében. Program és
Osszefoglalok : 12th International Conference Advances in research on the flora and
vegetation of the Carpato - Pannonian region. Programme and Abstracts. Debrecen,
Magyarorszag : Debreceni Egyetem TTK Novénytani Tanszék (2018) 108 p. p. 83.
SBN 978-963-473-926-5

24. Zimmermann, Z. ; Penksza, K. ; Szabd, G. ; Micheli, E. ; Papay, G. ; Jardi, I. ;
S.-Falusi, E. ; Fuchs, M.: Botanical and soil studies in sandy vegetation of Tece
pasture (Vacratot, Hungary). In: Pintér, Gabor; Zsiboracs, Henrik; Csanyi, Szilvia
(szerk.) Arccal vagy hattal a jovonek? : LX. Georgikon Napok: 60 éves a Georgikon
Napok Konferencia [60th Georgikon Scientific Conference]: Abstract volume.
Keszthely, Magyarorszag : Pannon Egyetem Georgikon Kar (2018) 165 p. p. 160.
ISBN: 9789639639911

25. Andraz Carni, Nina Juvan, Andrej Pausi¢, Gabor Szabé, Zita Zimmermann,
Sandor Bartha: Quantifying biotic filter effects in old field succession. In: 1%
International Conference on Community Ecology — Book of Abstracts, pp. 105-106.
ISBN 978-963-454-170-7

26. Attila, Furész; Ferenc, Pajor; Ferenc, Stilling; Szilard, Szentes; Gabor, Szabd;
Daniel, Balogh; Zita, Zimmermann; Gergely, Papay; Eszter, S.-Falusi; Timea, Kiss
et al.: Biomass analysis of sandy grasslands along the Danube from the Pannonian
region to the Romanian plain. In: Dusan, Kovacevic; Sinisa, Berjan; Milan,
Jugovic; Noureddin, Driouech; Rosanna, Quagliariello (szerk.) XIII International
Scientific Agriculture Symposium ,,AGROSYM 2022“ Book of Abstracts. Banja
Luka, Bosznia-Hercegovina: Haponna u yHuBep3utercka Oubnmoreka (2022) p.
138. ISBN: 9789997698728

27. Gergely, Papay; Orsolya, Kiss; Adam, Fehér; Gabor, Szabo; Zita, Zimmermann;
Levente, Hufnagel; Eszter, S.-Falusi; Tldiko, Turcsanyi-Jardi; Dénes, Salata; Laszlo,
Szemethy et al.: The potential role of ungulate browsing in maintaining restored
mountain meadows. In: Dusan, Kovacevic; Sinisa, Berjan; Milan, Jugovic;
Noureddin, Driouech; Rosanna, Quagliariello (szerk.) XIII International Scientific
Agriculture Symposium ,,AGROSYM 2022“ Book of Abstracts . Banja Luka,
Bosznia-Hercegovina: Hapomna u yHuBepsutercka OuOmmoreka (2022) p. 461.
ISBN: 9789997698728

28. Bartha Sandor, Hazi Judit, Purger Dragica, Csete Sandor, Szabé Gabor, Csathd
Andras Istvan, Csathd6 Andras Janos, Molnar Csaba, Zimmermann Zita: A
természetes gyepndvényzet spontan regeneracidja intenziv szantofoldi miivelésbol
kivont teriileten. In: Hajdu, Tamas; Korso6s, Zoltan; Malnasi, Csizmadia Gabor;
Mecsnober, Melinda (szerk.) A Magyar Biologiai Tarsasag XXXII. Vandorgytilése:
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Abstracts of oral presentations and posters without an ISBN number

1. Szabé Gabor, Zimmermann Zita, Andrea Catorci, Csontos Péter, Wichmann
Barnabas, Szentes Szilard, Szegleti Zsofia, Penksza Karoly: Conologiai vizsgalatok
nyilt homoki gyepekben. MBT Botanikai Szakosztaly 1485. szakiilés, 2017.11 20.

2. Szab6 Gabor, Zimmermann Zita, Andraz Carni, Csathd Andras Istvan, Hazi Judit,
Komoly Cecilia, Kun Roébert, Margdczi Katalin, Szépligeti Matyas, Bartha Sandor:
120.

3. Szabo, G. ; Papay, G. ; Jardi, L. ; Fiirész, A. ; Szegleti, Zs. ; Penksza, K.:
Changing of biomass variability in open sandy grasslands dominated by Festuca
vaginata and F. pseudovaginata in Hungary. In: 62nd 1AVS Annual Sympodium:
Abstracts (2019) p. 236

4. Szabo, Gabor ; Papay, Gergely ; Szegleti, Zso6fia ; Péter, Norbert ; Penksza,
Karoly: Festuca vaginata és Festuca pseudovaginata dominalta nyilt
homokpusztagyepek biomassza-vizsgalatai. In: Tinya, Flora (szerk.) 12. Magyar
Okologus Kongresszus : Eldadasok és poszterek Osszefoglaloi. VAcratot,
Magyarorszag : MTA Okolégiai Kutatokdzpont Okoldgiai és Botanikai Intézet
(2021) p. 200

5. Zimmermann, Z; Szabo, G; Bartha, S; Campetella, G; Giiler, B; Jentsch, A;
Ugurlu, E; Wellstein, C; Kreyling, J; Dengler, J: How sampling method affects
species richness and species-area curves at different spatial scales in grasslands? In:
62nd IAVS Annual Sympodium: Abstracts (2019) p. 280

6. Bartha Sandor, Csete Sandor, Szabé Gabor, Zimmermann Zita, Viragh Klara,
Hézi Judit, Kun Andras, Csath6 Andras Istvan, Komoly Cecilia, Molnar Zsolt:
Stabilizaljak-e a tarsulasokat a finom térléptékli szomszédsagi relaciok? - néhany
hossztava (7-20 éves) vizsgalat tapasztalatai. In: Mizsei Edvard, Szepessy Csaba
(szerk.): XI. Magyar Természetvédelmi Biologiai Konferencia - “Sikerek ¢és
tanulsagok a természetvédelemben” - Absztrakt kotet, p. 42.

7. Penksza Karoly, S.-Falusi Eszter, Szab6 Géabor, Zimmermann Zita, Papay
Gergely, Wichmann Barnabas, Fazekas Szibilla, Bajor Zoltan: Budapesti
homokteriiletek (Ujpesti Homoktovis Természetvédelmi Teriilet) természetvédelmi
kezelésének hatasa a homokgyepi vegetaciora. In: Mizsei Edvard, Szepessy Csaba
(szerk.): XI. Magyar Természetvédelmi Bioldgiai Konferencia - “Sikerek és
tanulsagok a természetvédelemben” - Absztrakt kotet, pp. 107-108.

8. Bartha, S; Csete, S; Szabd, G; Zimmermann, Z; Hazi, J; Mojzes, A; Purger, D;
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Csatho, A I; Komoly, C; Onodi, G.; Kroel-Dulay Gy.: Stabilizalja - ¢ a tarsuldsokat
a finom léptéki béta - diverzitas? Nyilt homokpusztagyepek extrém aszalyra adott
valaszainak hosszutava (5 - 23 éves) monitorozasi tapasztalatai. p. 83. In: 11.
Magyar Okologus Kongresszus. Absztraktkotet Nyiregyhaza, Magyarorszag :
Magyar Okolégusok Tudomanyos Egyesiilete, (2018) p. 112.

9. Bartha, S; Csete, S; Purger, D; Szabd, G; Zimmermann, Z: Interaction of
stochastic and deterministic factors driving diversity of semiarid grasslands -insight
from a long-term study. In: 62nd 1AVS Annual Sympodium: Abstracts (2019) pp.
22-22.,1p.

10. Fiirész, A.; Papay, G.; S.-Falusi, E.; Zimmermann, Z.; Szabd, G.; Penksza, K.:
Phytoceonological studies in open sandy grasslands in the Hungarian Northern
Great Plain (Festuca species and species composition of plant communities). In:
62nd IAVS Annual Sympodium: Abstracts (2019), p. 84.

11. Gergely, Papay; Adam, Fehér; Gabor, Szabd; Zita, Zimmermann; Levente,
Hufnagel; Eszter, S.-Falusi; Ildiko, Jardi; Dénes, Salata; Laszlo, Szemethy Péter,
Csontos; Karoly, Penksza; Krisztian, Katona: Impact of wild ungulate browsing on
the vegetation of restored mountain hay meadows. In: 62nd IAVS Annual
Sympodium: Abstracts (2019), p. 183.

12. Bartha, Sandor; Szabd, Gabor; Hazi, Judit; Purger, Dragica; Csete, Sandor;
Csathé, Andras Istvan; Kroel-Dulay, Gyorgy; Zimmermann, Zita: Testing stochastic
community models with long-term spatiotemporal data in grasslands. In: Eva,
Debinski; Martin, Diekmann; Javier, Loidi; Susan, Wiser; David, Zeleny (szerk.)
Book of Abstracts - 63rd IAVS Virtual Symposium

13. Bartha, Sandor; Szabd, Gabor; Hazi, Judit; Purger, Dragica; Csete, Sandor;
Csatho, Andras Istvan; Kroel-Dulay, Gyorgy;, Zimmermann, Zita: Sztochasztikus
tarsulasszervez6dési modellek vizsgalata hossza-tavu téridé adatokkal. In: Tinya,
Fléra (szerk.) 12. Magyar Okologus Kongresszus: ElSaddsok és poszterek
osszefoglaloi. Vacratot, Magyarorszag: MTA Okolégiai Kutatokdzpont Okolégiai
¢és Botanikai Intézet (2021) pp. 139-140., 2 p.

14. Papay Gergely, Karoly Penksza, Norbert Péter, Attila Fiirész, Laszlo Kovacs,
Gabor Szabo, Péter Sz8ke: COENOLOGICAL SURVEY OF SANDY
GRASSLANDS ON THE LITTLE HUNGARIAN PLAIN. In: Ozaslan, Mehmet
(szerk.) International Conference on \eterinary, Agriculture and Life Sciences
(ICVALS 2020): Abstract Book (2020) p. 9, 1 p.

15. Penksza, K. ; Fazekas, Sz. ; Papay, G. ; Fiirész, A. ; Jardi, I. ; Szabo, G. ; Péter,
N. ; S.-Falusi, E. ; Bajor, Z.: Effect of conservation management practices on sandy
grassland vegetation in Budapest. In: 62nd IAVS Annual Sympodium: Abstracts
(2019) p. 187
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16. Papay Gergely, Katona Krisztian, Fehér Addam, Szemethy Laszl6, Salata Dénes,
S.-Falusi Eszter, Szab6 Gabor, Wichmann Barnabas, Penksza Karoly:
Szepessy Csaba (szerk.): XI. Magyar Természetvédelmi Biologiai Konferencia -
“Sikerek és tanulsagok a természetvédelemben” - Absztrakt kotet, p. 106.

17. Furész, Attila ; Pajor, Ferenc ; Szabo, Gabor ; Papay, Gergely ; S.-Falusi, Eszter
; Turcsanyi-Jardi, Ildiko ; Balogh, Daniel ; Csontos, Péter ; Penksza, Karoly:
Biomass content studies of sandy grasslands following the Danube from the
Pannonian region to the Romanian plain. In: Hrivnak, Richard; Slezdk, Michal
(szerk.) Plant communities in changing environment: 30th Conference of the
European Vegetation Survey : book of abstracts. Bratislava, Szlovakia : Plant
Science & Biodiversity Center SAS (2022) 106 p. pp. 36-36., 1 p.

18. Bartha, Sandor ; Szabd, Gabor ; Hazi, Judit ; Purger, Dragica ; Csete, Sandor ;
Csathé, Andras Istvan ; Zimmermann, Zita: Constraints and freedom in vegetation
dynamics — spatial pattern analyses with temporal extension. In: 3rd International
Conference on Community Ecology ComEc3 - Book of Abstracts - Virtual
Conference. Budapest, Magyarorszag : Akadémiai Kiad6 (2021) pp. 5-6., 2 p.
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