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1. Introduction and objectives

The relationship between diversity and ecosystem processes is one of the most
interesting questions in ecology. It has been proved in experiments that increasing
biodiversity enhances ecosystem function and stability (Naeem and Li 1997, Hooper
et al. 2005). Diversity is a characteristic of the community patterns (Juhasz-Nagy
1980, 1986), and changes in diversity are associated with changes in the processes
and functions of a given ecosystem (Tilman 1999). The continuous loss of diversity
in ecosystems has become a global phenomenon, with an increasing number of
studies reporting functional disturbances of ecosystems, i.e. the impairment of an
ecological service (Daily 1997, Worm et al. 2006, Cardinale et al. 2012). Research
on the functional consequences of diversity loss has been the hottest and fastest
growing field in recent years (Loreau et al. 2001). In my research, I address a specific
problem in this area, namely the reliability of ecosystems.

Soil respiration is an important element of the global carbon cycle, it is the largest
(Luetal. 2021) or the second largest flux (Luo and Zhou 2010). Thanks to its volume,
even a small change in global soil respiration can alter atmospheric CO;
concentration significantly (Zhou et al. 2014), which gives soil respiration studies
special importance in relation to climate change. In my dissertation [ make an attempt
to connect the aforementioned two topics by examining how vegetation structure and
diversity affects soil respiration and its variation.

I studied spatial patterns of functional traits that characterize the functioning of
ecosystems (in this case, different types of grasslands) in different natural and semi-
natural dry grasslands and old fields, along with the diversity and structural
characteristics of the communities. In addition to the usual variables characterising
ecosystem functioning (e.g. green plant mass or NDVI), I also measured soil
respiration. Soil respiration is a highly variable functional trait and thus provides a
particularly sensitive indication. The spatial and temporal variability and variability
of these characteristics indicate the reliability of the system. In my thesis, I focus on
spatial variation, but the traditional practice in vegetation research is to infer spatial
variation from temporal variation, and thus stability.

I have studied spatial patterns of functional variables and diversity of different
vegetation types (natural and seminatural grasslands and old fields). I applied the
methodology of Foti (2008) that makes it possible to collect data with high sample
size to detect spatial patterns of soil respiration. I used microcoenological methods to
examine the fine-scale structure and complexity of the vegetation. In this study I
attempted to connect the two methods aiming to describe the state, complexity and
functional naturalness of the different grassland types.

My aim was to use the results to characterise the condition, organisation and
functional naturalness of the studied grasslands. Naturalness defined in terms of
coenological characteristics may differ from functional naturalness: it is possible that
a plant community may be considered natural in terms of the vegetation structure, but
less well functioning in functional terms.

Throughout their long evolutionary history, due to continuous adaptation natural
populations have been able to persist to the changing environmental conditions.
Therefore, it is assumed that the evolutionary experience accumulated during long-
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term adaptation will allow the community to maintain a stable species composition
and functioning. Consequently, an ecosystem can be considered functionally natural
if its functioning is reliable and stable over time, and its functional parameters show
little variation. I described variation using methods of information theory. My
hypothesis was that the highest reliability is expected in plant communities that are
spatially well organized and exhibit high structural complexity at fine spatial scales.

My questions were the following:

1. What are the spatial and temporal patterns of soil respiration in different vegetation
types?

2. How is it possible to study the relationship between species composition and
function (soil respiration) in grasslands?

3. How can we connect the methods examining structure and function?

4. Is there a relationship between fine-scale structural complexity and the variability
of soil respiration?

2. Material and methods

Study sites

Field sampling was conducted between 2014 and 2018 at 12 sampling sites
(Battonya, Bugac, Esztergom, Fiilophaza, Gony(i, Kunpeszér, Magyarszombatfa,
Morahalom, Nagyrdkos, Szalafd, Tece, Tiszaalpar) that represent five vegetation
types (open sandy grasslands, loess steppes, meadow steppes, sandy pastures and
sand steppes) in order to generalize the results as much as possible. Old fields were
also sampled in Battonya, Fiilophaza, Kunpeszér, Morahalom and Tiszaalpar. 190
transects were sampled altogether of which 144 was made in grasslands, 42 in old
fields, and in Battonya 1 transect in a ploughfield and 3 in sown grasslands were also
sampled. Detailed coenological (macro- and microcoenological) sampling was done
in 74 transects. I extended the measurements to the whole growing season (March to
November) to get an idea of the changes in soil respiration over the year. The
measurements were taken between 2014 and 2019, so that inter-annual variation can
be investigated.

Microcoenological sampling

Sampling was carried out along circular transects 15 m long and 4.77 m in diameter.
To ensure adequate representativeness, transects were placed in homogeneous
patches in each sample area to avoid unnecessary variation due to medium-scale
vegetation heterogeneity.

In the transects, two resolutions were used to record the species of vascular plants
rooting in the transects, and the presence of mosses, lichens and bryophytes was also
recorded, the latter when the cover in the microquadrat exceeded 50%. One of the
scales was the scale of the 5x5 cm microquadrats (that means 300 microquadrats
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altogether) and the other was 10x10 cm (150 microquadrats). For the latter, two
adjacent microquadrats were surveyed together (5x10 cm) and then this was extended
to 10x10 cm and new species, other than those found in the original two
microquadrats, were recorded.

Ecophysiological measurements

The ecophysiological measurements were carried out using the methodology
developed by Szilvia Foti (Foti 2008), which allows the collection of data along
transects with a high number of replicates to study spatial patterns of soil respiration.
Soil respiration and additional parameters (SWC, Ts) were measured at 75 positions
along the circular transect. Using the circular transect, the same number of samples
can be produced for each step of the sampling procedure, and even with a higher
number of sample elements, the sample can remain within a homogeneous study
patch (Foti 2008). The starting point of the transect was the first position, from which
the measurement points were placed at every 20 cm. This arrangement allows a large
number of measurements to be taken to study spatial variation in the most efficient
and least disturbing way possible (Foti et al. 2016). We tried to perform the
measurement in about 1.5 hour, avoiding large changes in temperature and the effects
of a possible precipitation event. After the microcoenological sampling was
performed, the above-ground biomass was cut in a 15 cm diameter circle at each
position. The biomass was dried in a drying oven at 80 °C for 48 hours and then
weighed to the nearest hundredth of a gram.

Measurements were started 1.5 hours after cutting to remove the effect of direct
interference. A closed chamber instrument (EGM4, PPSystems, Amesbury, USA)
was used to measure soil respiration. No ring was used during the measurement to
minimise disturbance to soil and vegetation (Davidson et al. 2002), and no permanent
sampling sites were established for similar reasons. Soil temperature was measured
at a depth of 0-10 cm. Soil moisture was measured with a FieldScout TDR300
instrument (Spectrum Technologies, IL-USA) using a 7.6 cm sensor.

Data analysis

Data analysis was conducted using R programming language (R Core Team 2020).
To calculate DOY (day of the year) I used ,,lubridate” package (Grolemund és
Wickham 2011). I used SBT types (Borhidi 1995) to describe the disturbance state
and naturalness of the vegetation plots that can affect the ecophysiological patterns.
In order to make the coenological relevés and transsects comparable, the total
coverage of each record was converted to 100% by multiplying the coverage of the
species in the record by 100 and dividing by the total coverage of the quadrat. In this
way, the dominance ratios between species remained unchanged. I averaged the
species cover over the 75 quadrats and assigned the SBT values to the average, then
summed the averaged covers for each SBT category.

The florula diversity analysis was performed using the software package "comspat"
(Tsakalos et al. 2022), developed for the application of the Juhasz-Nagy Pal models.
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The florula diversity values were calculated at increasing quadrat sizes by
aggregating  several  microquadrats in  the following 16  steps:
1,2,3,4,5,6,8,12,20,26,34,70,140 and 299 microquadrats. In order to determine the
optimal number of species for calculating floral diversity, diversity values were tested
at several frequency thresholds: all species; species with frequencies greater than 1%
(1% of 300 microquads are 3 species, so I counted species with frequencies of 3 or
more); species with frequencies greater than 2% (> 6 occurrences); species with
frequencies greater than 3% (> 9 occurrences); and species with frequencies greater
than 5% (> 15 occurrences). Florula diversity was calculated from the species
combinations formed by these species.

The correlation between florula diversity and soil respiration CV% was investigated
using linear regression at the following spatial scales: 5 cm, 10 cm, 15 cm, 20 cm, 25
cm, 30 ¢cm, 40 cm and 50 cm. Goodness of fit was determined by comparing R?
values.

3. Results and discussion

I analysed the transects recorded in the different community types according to
Borhidi's social behaviour types, identifying for each transect the most characteristic
categories, the quantity of which can be used to infer the condition, disturbance and
naturalness of the grassland, which also affect the pattern of ecophysiological
parameters.

For each transect, I calculated the florula diversity (FD) and the maximum scale,
which are parameters that give an idea of the fine-scale vegetation dynamics and the
state of the grassland.

Generally, 52 m transsects are used for microcoenological sampling, however in this
study I had to use shorter transsects (15 m) in order to connect to the scale of
ecophysiological sampling. It was a question whether this shorter transsect is enough
to evaluate the state of the vegetation. In order to answer this question I took three 15
m long sections from a 52 m long transsect and compared their FD values with the
ones calculated from the original 52 m transsects. Based on the results I concluded
that the 15 m long transsects are applicable for representing patterns and variability
within and between stands.

I compared the maximum scale of the FD curves in different vegetation types. In
grasslands with higher diversity and complexity (Battonya, Bugac, Kunpeszér,
Morahalom, Orség, Tiszaalpar) maximum scale occured at finer scales (10 cm and
20 cm). Less complex, open grasslands (Fiilophaza, Gonyt, Tece) this scale shifted
towards higher values (25 cm and higher).

I used CV% to study the spatial variability of soil respiration. In open sandy
grasslands variation was relatively high and there was a decreasing tendency with
increasing soil respiration values: the higher the soil respiration, the lower the
variation was. In case of loess grasslands, in Battonya all but two plots were
characterised by high Rs and low CV%, however there was no clear trend between
the two variables. The trend was not clear either in Tiszaalpar, however variation was
evenly low. In case of old fields there was a decreasing trend in the variation with the
increase of soil respiration.



Based on repeated measurements, I examined how stable were the spatial patterns of
Rs over time in two sites. In general, peaks of soil respiration decreased with time,
however the pattern remained quite stable even after 3-4 days.

The main result of my study was the connection of coenological and ecophysiological
patterns. I checked the FD values with different spatial scales and different number
of species and in case of the number of species 1% frequency showed the best fit tot
he FD values. Considering spatial scales FD values in 50 cm showed the best fit but
the soil respiration was measured in 20 cm scale consequently it was the best choice
to connect coenological and ecophysiological patterns. The results of the FD
maximum scales supported this result: maximum FD in grasslands appeared in 20 cm
in most of the cases.

Consequently if we examine variation of soil respiration and FD together, a
significant negative trend can be seen between the two variables. The variation of soil
respiration decreases with increasing diversity, meaning that more complex and
diverse the community is, the lower the variation of the functional parameter so the
function of the community is more reliable and stable.

4. Conclusions

The sampling method based on transects of contiguous microquadrats to investigate
the fine-scale structure of vegetation has been shown in previous studies to be suitable
for collecting valuable vegetation data (Koncz et al. 2020, Bartha et al. 2022), and
with posterior computer sampling and the use of related information theory models
(Juhasz-Nagy and Podani, 1983; Juhasz-Nagy, 1993) it is possible to collect samples
of different scales and resolutions and representative data on the intraspecific
variability of stands (Viragh et al. 2008). Based on my results, this can be achieved
not only with long transects (26-52 m), but also with shorter transsects of up to 15 m.
I also examined the maximum scales in each grassland type. In the sample sites with
higher diversity and species richness (Battonya, Bugac, Kunpeszér, Moérahalom,
Orség, Tiszaalpar), the maximum values were found at small scales, the most frequent
being 10 cm and 20 cm. In the less organised open grasslands (Fiilophaza, Gonyt,
Tece), the maximum scale was shifted towards larger values (25 cm and more). The
larger spatial scale associated with the smaller FD means coarser scale patchiness,
greater heterogeneity in terms of vegetation. When accompanied by a higher Rs
CV%, it implied increased functional heterogeneity, which was characteristic of the
opening, degrading, less organized stands.

Spatial variation in soil respiration was assessed using the coefficient of variation
(CV%) at each sample site and habitat type. Variation was found to be relatively high
in sandy grasslands, and a decreasing trend was observed for grasslands as the mean
value of soil respiration increased: the higher the value of soil respiration, the lower
the variation. For loess grasslands, grasslands in the Battonya area (with two
exceptions) were characterised by relatively high soil respiration values and relatively
low variation, but no clear correlation between the two variables could be detected.
For old fields, there was a correlation, with variation decreasing with increasing soil
respiration values.



This was in line with the results of a study by Foéti et al. (2016) in Bugac, which
showed high soil respiration and lower variation. In this paper, I investigated this
issue in several communities and several sample plots and my results suggest that
spatial variation in soil respiration is a suitable indicator for a wide range of grassland
types. However, due to the sensitivity of Rs to many enironmental factors, Rs patterns
were compared near to their functional optimum, when, as expected, their CV% was
the lowest. As each showed the minimum CV%, the variability (or reliability) of very
different plant communities became comparable.

Using classical coenological methods (SBT values), a significant correlation between
each trait group (ruderal competitors and competitors) and variation in soil respiration
was detected. The CV% increased with increasing ruderal competitor abundance, but
decreased with increasing competitor proportion.

Investigating the relationship between the spatial pattern soil respiration and the fine-
scale coenological structure of grasslands is a novel and unexplored topic. Species,
which can be considered as coenosystematically dominant, influence the
microclimatic conditions of the microhabitats in grasslands through their mass,
shading and avary formation, and thus affect the diversity and spatial structure of
grassland vegetation by facilitating or inhibiting the germination of additional
species. Through these processes, they can potentially influence the ecophysiological
characteristics of the stand, the functioning and stability of the whole grassland
ecosystem. The influence of dominant species can also be detected in gas exchange
(Wohlfahrt et al. 2001). Foti (2008) also showed that the community structure formed
by dominant plant species was responsible for the regulated gas exchange in stand
patches. In the present study, the species combinations formed by species with
frequencies greater than 1% and their diversity were related to the spatial variation in
soil respiration.

The spatial patterns can therefore be used as an indication, based on my results, to
evaluate individual stocks. However, in order to characterise more precisely the
typical patterns of ecosystem functioning, it is necessary to examine the relevant
variables not only in space but also in time. We started from the assumption that we
can infer spatial patterns from temporal ones. This was shown by Viragh et al. (2008)
for vegetation structure data. For ecophysiological data, this is still an assumption
that needs to be tested in the future with spatio-temporal measurements. The results
presented in my thesis are a first step towards this.

5. New scientific results

1. In this dissertation I investigated the spatial patterns of soil respiration at 12 sites
in 5 vegetation types, recording a total of 190 ecophysiological transects (based on
the method of Foti 2008). Due to the labour-intensive field sampling, the resulting
data sets of ecophysiological transects are a highly valuable dataset, which will allow
a better understanding of the patterns in ecophysiological parameters measured at
fine spatial scales, the typical characteristics of the patterns and the deviations from
these patterns. The 75 soil respiration measurements along a 15 m transect are close
to the maximum number of replicates that can be performed due to the diurnal rhythm
of variation in other ecophysiological parameters affecting soil respiration values.
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The evaluation of the data from the 75 measurements will allow the study of the
intrinsic variability of the stands and the analysis of the variability of the soil carbon
fluxes. 74 transects were also sampled microcoenologically to investigate the
relationships between structure and functioning in these communities.

2. I investigated the possibility of reducing the length of the previously used 52 m
standard microcoenological sampling transects. Comparing contrasting types of
communities and long-term monitoring data series, I found that 15 m long transects
are well suited for the detection of microcoenological diversity patterns. This allowed
me to combine the previously developed ecophysiological sampling setup based on
15m long circular transects with microcoenological sampling.

3. Using a large number of records (74 transsects), I coordinated and optimized the
parameters of the microcoenological analyses with the ecophysiological studies. I
found that fine spatial scales (around 20 cm) provide the best estimates of soil
respiration CV% and floral diversity after omitting species less abundant than 1%.

4. Using classical coenological methods, I analysed the composition of the vegetation
according to Borhidi's social behaviour types, using the cover values of each species.
This approach allowed me to get an idea of the coenological conditions, degradation
and degree of stand disturbance of the patches represented by each transect. In
addition to the traditional descriptive approach, I compared the average cover values
per transect of the categories that best represented the naturalness of the stands
(competitors and ruderal competitors) with the variability of soil respiration that
characterizes the functioning of the association. In the presence of large differences
in values (well-organised pristine grassland and associated parcels representing the
early stages of old field succession in the same site), the two variables showed
significant correlation, but when all sites were considered together, only a weak linear
correlation between the variables was observed.

5. By jointly examining floral diversity values and soil respiration variation at
different spatial scales, I found significant correlation between the two variables: as
the floral diversity value representing structure increases, the variation in soil
respiration decreases, i.e. the higher the structural complexity of a vegetation stand,
the more stable and the less variation it exhibits.
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Arccal vagy hattal a jovonek? LX. Georgikon Napok: 60 éves a Georgikon Napok
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Szépligeti Matyas, Bartha Sandor: Diverzitas ¢és biomassza-produkcio
megbizhatésaganak vizsgalata hazai gyeptarsulasokban. In: Hajdu T. et al. (szerk.):
XXX. Vandorgytlés — Program és dsszefoglalok, p. 34. ISBN 978-963-87343-8-9

18. Szabé Gabor, Zimmermann Zita, Csete Sandor, Kun Robert, Szentes Szilard,
Viragh Klara, Csatho Andras Istvan, Hazi Judit, Bartha Sandor: Hogyan jarul hozza

15
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