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Abstract

We studied the long-term impact of wildfire on thegetation dynamics of sand grasslands in
a forest-steppe vegetation mosai€ientral Hungary (Kiskunsag). Long-term permanent
guadrat monitoring was carried out from 1997 to200'e sampled the forest-steppe mosaic
both in burnt and unburnt areas in 100 patchegeillh@r using one by one meter quadrats.
The effect of fire and precipitation on vegetatilymamics was characterized by patch type
transitions between years. Patch types were debyedeans of Cocktail method. Nine patch
types of sand grasslands were altogether identified least productive patch types, bare soil
and cryptogam dominance, did not occur in the bpabthes, while annual dominated patch
type appeared only in burnt patches. The frequerafipatch type changes were significantly
higher in burnt patches than in unburnt ones, ieddpntly on the time since fire. All the

eight patch types found in the unburnt patchesgmg@ermanent, while in the burnt patches
only four of seven were so. The relative frequeoicyatch type changes did not correlate to
the precipitation in the vegetation period in timurnt patches, while positively correlated in
the burnt patches. It was concluded that the lengrdifference in grassland dynamics
between the unburnt and burnt patches, i.e. thessxaf the patch type transitions in the burnt
grasslands, are due to increased drought sengibivihe grassland, which is the consequence

of the elimination of the woody component of theeki-steppe vegetation.

Nomenclature: Simon 2000
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I ntroduction

The impact of fire is one of the focal areas inlthrey-term ecological research on arid and
semi-arid ecosystems (Bowman and Murphy 2010, KeE386, Whelan 1995). The majority
of the studies in Mediterranean shrublands (Cajtand Carcaillet 2008, Esposito et al.
1999, Montenegro et al. 2004, Uys et al. 2004)gi@ss prairies (Collins 1992, Feldman and
Lewis 2005), and tropical savannahs (Greenvillal.e2009, Langevelde et al. 2003, Lewis et
al. 2010) focus on ecological processes of fireptethecosystems (Keeley 1986, Lewis et al.
2010). However, the impact of the fire is the ns®stere in ecosystems which are not adapted
to fire (Engel and Abella 2011). Studying thesesgstems are particularly important if they
have been recently exposed to more fire due to huanfivity and increasing aridity caused

by climate change (Bowman and Murphy 2010). Fir@ jgimary disturbance factor of the
grassland vegetation, which most often reducesltoi@dance of the woody elements (Belsky
1992, Montenegro et al. 2004), but can also leadvasion of bushes or trees (Franzese et al.

2009).

We studied poplar-juniper-grassland vegetation derpelonging to the transitional forest-
steppe biome in the Kiskunsag Sand Ridge of CeRuabary (Kovacs-Lang et al. 2000),
which is particularly rich in endemic plant specgiptolnar 2003). This is a two-phase system
consisting poplar-juniper woods and sand grasstatches, forming a dynamic mosaic
pattern. This pattern is sensitive to drought, fidd and changes in herbivory (Katona et al.
2004, Kertész et al. 1993, Onodi et al. 2006, Oroai. 2008), thus particularly suitable for

studying the impacts of these disturbances andsstaetors.
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The biodiversity of natural and semi-natural comies increasingly depends on human
management (Chapin et al. 2010). Thus, the prop@agement, i.e. selection of wood
species for plantation, forestry technology pradjaegulation of grazing, alteration of the
landscape pattern, and control of the water regihwaild mitigate the chance of ignition, fire
propagation and fire severity in communities explaseincreasing fire risk. Despite this
demand, a sort of management changes in the Kidguegjion has increased the fire risk for
the Sand Ridge forest-steppe vegetation. Thuscambined effect of drainage, forest and
orchard plantations, and increased water exploitathe ground water level has decreased
since the late 1970s (Palfai 1994), and the suleseglecrease of soil moisture (Kertész and
Mika 1999) may have also contributed to the lasgdent of the fires. The grazing pressure
has declined since the 1960s (Bir6 2003, Katomé €004), increasing the hazard of wildfire
(Onodi et al. 2008). Similarly, after the sharpr@ese of the animal stock in Southern Russia
wildfires began to appear from the end of 1990d,iar2006-07, wildfires spread over large
areas (Dubinin et al. 2010). Since 1990, threeobthe four large protected juniper-poplar
forest grassland mosaics have been almost complaiaht in the Kiskunsag Sand Ridge
area. The extensive ali€inus nigraplantations have invariably played major role in
conducting the fire across the landscape (Kiskuh&tgnal Park, personal communication).
So far, all the known wildfire events are man madhis region, thus the fire is not part of
natural disturbance regime. According to climatarnge studies, the summer temperature and
the inter-annual variation of the precipitationliep increasing (Bartholy et al. 2007,
Bartholy et al. 2009), thus we predict an increasieequency and extension of wildfires,
similarly to the Mediterranean areas (Bowman andg¥iy 2010, Veblen 2003). In spite of
these facts, there are very few well documentediessun Central-Europe concerning

grassland burning (but see Onodi et al. 2007, 2D@8k et al. 2012, Valko et al. 2012).
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Hereinafter, we call “patch type” the clusterslod vegetation compositions of grassland
patches, and “vegetation dynamics” the year to ghanges of the patch types, and we

consider “burnt” and “unburnt” states of the paths natural treatments.

We aimed at studying the impact of wildfires on tegetation dynamics in the grassland
component of this transitional biome. Grasslandstdoy wildfires were compared with
unburnt grasslands. The following questions weiserhl. Does the wildfire modify the
sensitivity of vegetation dynamics of the grasstattddrought? 2. How long does wildfire
affect the vegetation dynamics?

Our null-hypotheses were as follows: a) the fregyatistributions of the patch types on the
burnt and unburnt patches are not different; b)die&ibution of year to year transitions of

the patch types on the burnt and unburnt patcteesa@rdifferent; c) if there were differences
in the distributions of transitions, these differes do not depend on the time since fire; d) the

frequencies of transitions do not depend on theijpitation.

M aterials and methods

The study sites are in the Kiskunsag National Ratkentral Hungary, in vegetation mosaics
consisting juniper-poplar woods and open sand nads. This two-component vegetation
type can be found in the western edge of the Eamdsrest-steppe zone (Kovacs-Lang et al.
2000). The two-phase character is enhanced byxthenge moisture regime of the soil caused
by the high hydraulic conductivity of the calcare@and soil of low (<1%) humus content
(Calcaric Arenosol) (Varallyay 2005). The precifita quickly infiltrates through the root

zone of the grassland, while remains availableMoody vegetation (Molnar 2003). The
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climate is moderately continental with sub-Medéeean effects (Z6lyomi et al. 1997).
Annual mean precipitation is around 500-550 mmraedn monthly temperatures range
from -1,8 °C in January to 21 °C in July (Kovacsagéat al. 2000). The main growing season

in the open sand grassland is the late spring.

Long-term monitoring on three partially burnt sahohe areas have been carried out since
1997, combining space-for-time substitution (Pitk&89) with long-term permanent plot
observations (Bakker et al. 1996). The study i$ phthe KISKUN LTER project (Kovacs-
Lang et al. 2008). The Bugac site was burnt in 187&Bdcsa site in 1993. On these sites the
vegetation changes have been recorded since 1880ingovany site was burnt in 2000, and
we started the monitoring in 2002. In all threesitthe burnt area ranged several square-
kilometers, affecting planted forests as well ass$o-steppe stands. We consider the unburnt
areas reference vegetation for the burnt areasé#fe fire. Both unburnt and burnt areas are
covered by a mosaic of woods and grassland pat€hrethe unburnt areas, the woods are
dominated by either junipedniperus communjsor poplar specie$ppulus alba, P.
canescens, and P. nigrand juniper. On the burnt areas junipers camregegnerate, but

poplar species resprout after the wildfire.

Our sampling unit were 1 by 1 m quadrats. Five gaigdvere placed in each selected
grassland patches of the open sand grassland cemipaithe mosaic, both in burnt and
unburnt areas (Fig. 1). Samples were taken frompHb€Ehes, 46 burnt and 54 unburnt, from
ten groups of patches in three sites. Groups ahpatwere fenced in order to control the
previously very high grazing pressure; this reshitespatially aggregated patch distribution
(Fig. 2). In the Bugac site (Fig. 2c) patches wgaiped in two partially burnt (N 46° 39,30,

E 19° 36,49'; N 46° 39,20’, E 19° 36,48") and twaburnt (N 46° 38,91, E 19° 36,43"; N 46°
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38,88', E 19° 36,21’) areas. From 1997 to 2001 ok tsamples in ten burnt and 26 unburnt
patches, and in 2002 we enlarged the sample tad®2 bnd 28 unburnt patches (Table 1). In
the two partially burnt areas (N 46° 38,68’, E 28;08"; N 46° 38,60, E 19° 28,03’) of the
Bdcsa site (Fig. 2b) ten burnt and six unburntpegovere sampled from 1997 to 2001. In
2002 we enlarged the sample to 14 burnt and sixnmipatches. In the Orgovany site (Fig.
2a) 20 burnt from two burnt areas and 20 unburtdhes from two unburnt ones were

sampled.

In the quadrats, we visually estimated the covehefvascular plants as well as the cover of
the mosses, lichens, litter, and exposed soil safi@ice a year. Visual estimation has low
expected errors at the scale of our sampling, ésbem nutrient deficient habitats (Klimes
2003), like in open sand grasslands. The first siagnvas carried out each year in late May
or early June, at the time of the biomass peakrbefe summer drought, and the second in

late September or early October, at the secondamnydss peak.

Vegetation dynamics was studied at the spatiabsuafahe patches, represented by five
quadrats. We associated a patch type to each jpageith year, applying the Cocktail method
(Bruelheide 2000). First, the spring and autumia eare pooled within years and within
guadrats choosing the higher score, then covérariive quadrats were averaged, and these
patch level cover values were used in the subse¢gunahysis. Species groups were formed
based on the positive associations among speciasl(ieide and Chytry 2000). The
interspecific associations were measured by hypengéic u-value (Chytry et al. 2002)
calculated from binary data. Group forming staretth the pair of ungrouped species that
had the highest interspecific association. It séapywhen the u-value of the new candidate

species to the group was below 5. We modified tiggral Cocktail algorithm, and instead of



173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

presence of species groups we used their total ¢codefine the patch types. If the cover of
vascular plants exceeded 5%, the patch was ckdsiticording to the vascular species group
which has the highest cover. Otherwise, it wassdiasl either into cryptogam patch type, if
cover of cryptogams was at least 50%, or barepsddh type. We choose the above method
in order to get of patch types which provide usarfymity (1) to compare the patch type
distributions of burnt and unburnt patches, (23atculate the frequency of year to year

transitions between patch types.

Originally, the Cocktail method (Bruelheide 2000sndeveloped for finding groups of
species, which then define plant associations abdees of preferentially selected relevés.
We looked for all species groups which define amagistive classification of the sample. The
application of this method, to define patch tymdkws describing the vegetation dynamics
by means of analysis of transitions between a fisarete states, which provides a general
picture of the changes in the composition. The isgebundance data themselves are loaded
with high noise because of the effect of the weathenediately previous to the sampling,

while patch types are less affected by this noise.

The type associated to a patch could change fr@antgeyear. The changes between
consecutive years were summarized in transitiomicestfor burnt and unburnt patches,
separately. The transition matrices calculated ftloenpooled data were compared with a
null-model in which transition probabilities depeadon the proportion of vegetation types
before and after the transition only. First, thebgll difference was tested by chi-square test,
and if it proved to be significant, Freeman-Tukeyidtes were used to find the significantly
over- and under-represented transitions. For eéefwe calculated the proportion of values

in the diagonal of transition matrices (i.e. nofulp@ between consecutive years) and



198 compared it between burnt and unburnt areas aggplyitest for proportions (Zar 1999). The
199 complement of this proportion (i.e. the proportafrchanges) was calculated from the pooled
200 data set and it was correlated with precipitatiothie vegetation period from April to

201 September when the new vegetation type appearpdra&e correlations were calculated for
202  burnt and unburnt patches. We interpret the sicguifily over-represented year to year

203 transitions from a patch type to the same onegsistance, and from one patch type to

204 another, as sensitivity.

205

206

207 Results

208

209 Nine patch types were identified: bare soil, crgatm dominance, annual dominance,

210 Festuca vaginatgroup dominancestipa borysthenicgroup dominanceCarex liparicarpos
211 group dominance?oa bulbosaroup dominance;alamagrostis epigeiogroup dominance,
212 andPoa angustifoliagroup dominance. (Henceforth, we refer the patpks without the

213 notion 'group dominance'). Fig. 3a and 3b showr¢laive frequency of the patch types in
214 each year, for burnt and unburnt patches separately

215

216 The patch types 'bare soil' and 'cryptogam’ ocdusrdy in the unburnt patches, while the
217 patch type ‘annual’ only in burnt patches. Of tharacteristic patch types of the open

218 perennial sand grasslands, the patch tiypstlica vaginatavas frequent in both burnt and
219 unburnt patches, while patch ty@&ipa borysthenicayradually spread in burnt patches,
220 together with the disappearance of the more clisadmagrostis epigeiband Poa

221 angustifolid patch types.

222
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All the patch types found in the unburnt patchesewermanent, i.e. the frequencies of the
transitions into themselves proved significantlgh@r than expected, based on the
frequencies of their occurrences (Freeman-Tuckeiatks; p<5% ). On the contrary, in the
burnt patches only the patch typEesstuca vaginata'Stipa borysthenica’Carex
liparicarpos, and Calamagrostis epigeidgvere permanent, and we got transitions of
significantly higher frequency than expected, ngmiebtweenCalamagrostis epigeiéand

‘annual’ and betwee@alamagrostis epigeiband Poa bulbosa(Fig. 4a and 4b).

By means of two-sample u-test we found that theueacy of patch type changes were
significantly higher in burnt than in unburnt pagshn Bugac (Z=2.52, p=0.012) and Bb6csa
(Z =2.06, p=0.039) sites (Fig. 5). The most regentirnt Orgovany site the same tendency

was found close to be significant (Z =1.89, p=0)059

In the unburnt patches, the relative frequencyat€lp type changes proved to be independent
from the precipitation in the vegetation perio&aQR: 6.4*10°, p=0,998, Fig. 6a), while
positively correlated in the burnt patche§a(R: 0,406, p=0,035, Fig. 6b). The driest year
was 2003, and we found the less patch type chandkat year, while we found the most
changes in the next, wet year. In case of the lpatahes, the 2008 data (in the lower right
part of Fig. 6b) proved to be a leverage point ask® D>1 (Cook 1979, Reiczigel et al.

2007). Without this point Bg= 0.72, p=0.0019.

Discussion

General pattern of post-fire regeneration

10
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Both patch type data (Fig. 3b) and our field exgrece show that the patch types dominated
by perennials are the starting stages of the passdiccession. Those patch types were the
most frequent on the non-burnt areas too, andvlezg also present before the fire. We
observed that the perennial plant species of the geassland were persistent; i.e. they re-
sprouted after the fire from their buds, in accaawith ‘regeneration’ type post-fire
succession of Ghermandi et al. (2004). This abiftfast regeneration is indicative to fire
adaptation of the vegetation (Lewis et al. 201G Fame fast regeneration was found in fire-
adapted grasslands in South Africa (Uys et al. 20PHere the grass species tolerated the

four-year burning cycle, while most of the dicaitetated even the yearly burning.

However, the post-fire regeneration of plant speaieour grasslands highly varied by life
forms. Most of the drought tolerant perennial vdecplants have high below-ground/above-
ground biomass ratio, and the below-ground pargyesurvive the fast spreading fire. On
contrary, we did not find ‘cryptogam’ patch typetio@ burnt areas (Fig. 3b). This result is in
contradiction with our first null-hypothesis andsis that fire has long-term effect on
grassland composition. The fire reduces the colveryptogams, especially the abundance of
lichens (Johansson and Reich 2005). Esposito €389) found quick establishment of
pioneer moss species in burnt macchia vegetatiooud case, the regeneration process of
TortellaandTortula species was very slow, while lichens could natstablish in the

timescale of our study.

Another characteristic difference between unbunat laurnt areas was that the '‘annual’ patch

type appeared only in the latter ones (Fig. 3a3mdSimilar increase in the abundance of

annuals can be observed in wet years after drgy@dirof those annuals live in the studied

11



272 grasslands, and they are generally prolific aftstudbance. Thus we consider the ‘annual’
273 patch type an expected ordinary response of theauspecies of the open grasslands.

274

275 The woody perennial species were variously affebtethe fire. The fire induced intensive
276 re-sprouting of poplar species, together with sgireaof other clonal species like

277 Calamagrostis epigeio@n accordance with the findings of Marozas e{2007). We

278 observed the spreading of poplar spedresp(ilus albaandP. nigra) which have resprouter
279 and clonal spreading strategy (Menges and Kohi&l@b). Szujké-Lacza and Komaromy
280 (1986) also detected the fast spreading of thegodyio years after the Bugac wildfire. On
281 contrary, the common junipedyniperus communjigioes not regenerate after fire (Marozas et
282 al. 2007, Wink and Wright 1973). According to olmservations, even the partially burnt
283 specimens died in a year. The lack of junipers dmest element of the vegetation) is

284 noticeable around the burnt patches in Fig. 2. Sdwesitivity of the juniper to the fire causes
285 major change in the structure of the vegetatiorerelit was dominant before. Consequently,
286 the whole vegetation mosaic cannot be consideredhfiapted, as both the dominant juniper
287 and the widespread cryptogams do not recover thifire.

288

289 The long-term effect of wildfire

290 According to the observed patch type transitiong. (#) the vegetation is more dynamic after
291 fire than in unburnt areas: contrary to our secamtthypothesis, less patch types are

292 significantly permanent and statistically signifitaransitions from one patch type into

293 another appear in burnt areas. The long-term edfiefite, which we found in all of our sites
294 in the Kiskunsag Sand Ridge, shows the lack ofditaptation based on Engel and Abella
295 (2011). According to our third null-hypothesis, &pgtion of space-for-time-substitution

296 (Pickett 1989) for the patch type transitions (Bigshows that the excess of dynamics in the

12
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burnt areas does not disappear even in longer &mgel and Abella (2011) also found
dynamics independent from time since fire and thogig-term post-fire variability in

Coleogyne ramosissinmdominated community of Mojave.

The changes of patch types show a network-likeepatif transitions. Thus, most of the patch
types, except the rare ones, have more than omecton, and most of the connections are
bidirectional (Fig. 4). This pattern of transitiodiéfers from the Clementian directional
succession (Clements 1916), and rather corresgortegler’'s (1954) concept of initial
floristic composition which he applied to secondsugcession. In accordance to our results,
Capitanio and Carcaillet (2008) also found Egleoacept applicable to post-fire succession
of Mediterranean vegetation mosaic of Aleppo porest and sclerophyll shrubgatrigue).
The regeneration was quick, and in both studiessfiecies of the post-fire vegetation had
been present in the pre-fire vegetation. Thesearfgedput the question, if the post-fire
vegetation dynamics could be considered secondagession, or rather a quick
development towards a patchwork of metastable statpech could also be built up without

fire (Trabaud 1987).

Factors influencing the dynamics

The vegetation dynamics in our study sites is r&gal at two levels: locally in short term,
and at landscape scale in longer terms. Localgyreélsistance of the patch types is different.
By 2007 and 2008, thieestuca vaginatandStipa borysthenicgatch types reached a
combined frequency of more than 90 % in the buatties (Fig. 3b). Fewer transitions can
be found between these years, which we interpriteasnpact of the high resistance of those

patch types (Fig. 4). The contradiction betweeniriygact of precipitation and spreading of

13



321 permanent patch types might result in the levepaget of 2008 in the precipitation-transition
322 relation (Fig. 6b).

323

324 Despite our fourth null-hypothesis, the burnt statéhe landscape resulted in precipitation
325 dependent vegetation dynamics, however, the dyrsaoficontrol patches were independent
326 from precipitation. Fire increased the dynamicshefgrassland vegetation of the wood-

327 grassland mosaic on the long run as less patcls typee found permanent in the bunt areas
328 (Fig. 4). We found this in the sites which had lhiiwo to eight, four to fourteen, and twenty
329 to thirty years before the study. The independ&idke increased dynamics from the time
330 passed from the fire implies to long-term indireffect of the fire. The most conspicuous
331 impact of the fire is the disappearance of theganiwhich is a long-term change of habitat
332 structure (Bond and Keeley 2005). This disappearéeads to less shade in the grasslands.
333 The different reaction (Fig. 6) to the precipitatiof the partially shaded unburnt patches and
334 the open burnt patches is a result of higher estst due to the presence of woody vegetation
335 orthe shades (Bartha et al. 2008). In our opirtiois, buffering effect of the shades is the
336 major factor reducing the impact of droughts inti@re woody areas. We observed the

337 dynamics by means of year to year transitions tftpgy/pes. Thus, the impact of drought can
338 be observed in the subsequent wet years when thagial vegetation regenerates.

339

340 We propose a conceptual scheme on the changingrigmafter fire (Fig. 7). The same wet
341 years, in which there are higher biomass produ@mmhmore opportunity to change in

342 composition, lead to transitions of patch typeyaiter the fire which made the vegetation
343 more open.

344
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Our main finding is that the grassland patche$efjaniper-poplar-grassland mosaic is more
dynamic after wildfire, and remain more dynamicref@ decades. We observed that the
changes mostly occurred in wet years; however,uppase that the cause of the changes is
the increased vulnerability of the grassland spgeftiethe drought in the bunt sites, where the
shadows of the junipers does not reduce the effedtought. As the wildfire is not part of the
natural disturbance regime of the juniper-poplands, we think that they should be saved
from wildfire more effectively than in the past. Wieould add that the largest remaining
unburnt juniper-poplar stand in Bugac region bualown in 2012, ignited by the surrounding

Pinus nigraplantations.
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Sites

Years Treatments Bugac Bocsa Orgovany
1997-2001 unburnt 26 6
burnt 10 10
2002-2008 unburnt 28 6 20
burnt 12 14 20

508

509 Table1 Number of unburnt and burnt grassland patchesdrekperimental sites
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511 Fig1 Levels of the sampling design: (1) 1 by 1 metaadyats; (2) five quadrats are grouped
512 in one grassland patch; (3) burnt (black filledylamburnt (white filled) patches are arranged

513 in the burnt and unburnt areas of the sites (ddibed
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514
515

516

517

b) Bécsa site
& - burnt patches &) - unburnt patches

Fig 2 The study area: (a) the Orgovéany site, (b) the B&it®, (c) the Bugac site. The

sampled burnt (black filled) and unburnt (whitéefil) grassland patches of juniper-poplar

forest-steppe mosaics are shown on aerial photbgria2005.
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518
519 Fig 3 Relative frequency of the patch types in the unb(aphand burnt (b) grassland patches.

520 Unobserved patch types are marked by circles
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521

522 Fig4 Transition matrix (a) for unburnt patches and (l)durnt patches. Bold frames denote
523 transitions which significantly higher than the egfed values based on the frequencies of the
524  patch types. The marked significant deviationspmstive ones. Abbreviations: Bar - bare

525 sail, Cry - cryptogam, Ann - annual, F.J-estuca vaginatgroup, S.b. Stipa borysthenica

526 group, C.I. Carex liparicarposgroup, P.b. Poa bulbosayroup, C.e. Calamagrostis

527 epigeiosgroup, P.a. Poa angustifoliagroup
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529 Fig5 Self-transitions of unburnt and burnt open sandgjeend patches. Asterisks indicate
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significantly decreased self-transitions in thertbyratches
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Fig 6 The relationship between the precipitation (fronTidjw September) and the relative
frequency of the patch type changes (the ratialisutated by dividing the number of the
changed patches compared to the former year bipthalenumber of the patches) in the

unburnt (a) and burnt (b) patches

28



Fo
o wet year

Frequency of patch type transitions

Years

536

537 Fig7 Conceptual scheme of the impact of wet years getation dynamics before and after

538 fire
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