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uruestcoe (karst} surfaces jn Hungary are rich in doünes, in which rnanv endangered vascura.
pia nt species occur. To date. the rnajority of studi es dealing witf doline vegetation have
focused on the local rather th an the tanescape level, witnout using comparative data from
other areas However, in this study we aimed to compare the vegetation pattern and specfes
composition Of dolines under different elimate regimes of Hungary with regard to regicnal
species pools. The Iielcwork was carrlso cut beíween 2005 and 2012. Twenty dolines were
se!ected ín tne Mecsek Mountains (southern Hungary) and nine dolmes in the ,A,ggtelekKarst
area (northern Hungary: Mcre than 900 veseute- plants and more tnan 2000 plots were
incíuded ín the study. The movinq sotit window (MS\tVj technique, nestedness analysis and
prtnerpat coeromates analysis (peoA) were used to reveal the veqetatícn patterns in cotnes
Attnouqh 'Ne found rernarkable differences between the species composition of the two
reqions. connes of both reqions ptay a sirniíar roie in the preservation of different groups of
species. rv~ar:y plants, in perneuter mountain species, are restricted to the bottom of doJines
where aopropríats environmentaí conditions exist. In addition, depending on the dolina
geomet:y, many species of drier and warmar torests have colonízed the upper siopes and
rírns. Thus, '.'ole can conclude tr.at karst dolines of Hungary can be considered as reservoirs
for rnany vascurar plant specles. tneretore they are partlcufarty important from a conservation
point of view. Moreover. these dolines willlikely become lncreasmqtv indisoensable refugia for
otooíve-s.tv unde: future global warming.

Aggtele~. karst area: g!oba~ warrrunq; iv~ecsek Mountains; renct species: transects
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INTRODUCTION

Habitat desstruction together wit h elimate induted
species extinction and surface contarnination arc the
main. threars to the biological and geological diversitv
of karst surfaces {rf, Schilthuizen et al., 2005; Breg,
2007). Although karst ecosystems art usuahy diverse
and are vel}" important in many aspects Gf ecologkal
research (e.g. Cardoso, :2.012; Novak et al., 2012),
therc are stil! manv open. questions abou: how karst
surfaces will change under- future global war-rnirtg.

Based on previcus st.udics, we expect remarkable
differences betwecn thc role of subsurface cavities
[e.g. caves) and surbee forms (e.g. dolmesj in the
preservation of diúerenr groups of specie-s. Cavcs and
welle serve as habuats for manv subterranean species

(Culvcr et al., 1.973: Cuiver &, Skc-t, 2000; Dixon,
20] lj, whilc elolines may preserve relicts (Horvát.
1053; Stuckey, 1.983: Bátori et al., 2009)_ mountain
species (Be('k v. Mannagetta, 1906: Vojtko. 1997:
!1átori ct al.. 2006), endernic species (Egli. 1991;
I:~arnard et al.. 1998} 2...<'1d endernic plant comrnunities
(Redzic et al., 2011)_ The biological líterature contaíns
many excellent exarnples where deliries have beeri
menuoned as key habitats for scientiíically important
plant species. From a bíogeographical perspective,
fol' instance, Bicbcrsrcinia orphanidis [Peloponnisos,
Orec-cc), CerClsthan dinanf...'um (Dinarian Mouruains,
Slovcnia}, Dracocephalurn ruysc:hiull.G. (Pcéter pla tce.u ,
Ser-bia; Bükk Mounrai ns, Hungary}, Horsuissea
do/inicolaíCl'crc_ Greece), Putsatilla vernalis (Julian Alps,
Sloveniaj and Stachys a/pina {Mecsek Mountais,
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Hungary) arc especiallv good examples (Bartha, 1933;
Egli et al.. 1990; Wraber. 1995;Yannitsaros et al., 199ó;
Oakskobler et al., ~OOS:thtori et al., 2009; Lazarcvic
et 81., 2009). Since dollncs harbour rnany vascular
plant species that arc missing 0;- arc very rare in the
surrounding habitats, they can be considered habitat
islands (Bátori et al., 2012). The dillerent amou nt of
solar radiation on the different parts of the slepes
has rcsulted in local environmerual gradíents [e.g. air
ternper-at ure, air humidity and sci! moixtu rc]. which
in turn strongly iníluence the composnion of flora and
vegctatlcn on the slepes wi th different orientation ar.
the same aititude {Beckv. Mannageua. 1906; Hor-vat,
1953; Gargano et al., 20:0; Bátori et al., 20i il. It
also means that a high species diversitv wirhin shor-t
dístances can be observed (Őzkan et al., 20] O).

White rnanv studíes on the ecologkal role of dolines
have focused mainlyon local végetation elianges (e.g.
Ilos-isue ccmposíuon and végetation iriversion] (e.g.
L:UlSi, 1964)~ relatively few studies have beeri designed
to evalunte the corrcspondences bctween the local
and regional flora {e.g. Egli, 1993). The relationship
bctween the local species pool {i.e.. the- flora of a
doline) and the regional species pool {i.e.. the flora of
a karst surface] inforrns us about how doiines play a
role in. the preservation of díffcrcnt groups of species.
Our aims were: to ínvestigate how regional elimate
influcnces the flora oí dolines and their surroundings:
to investigate what correspondence can be detected
between the species composition of deli nes and the
landscape: to exarnine how the vascular plant species
compcsiuon changes in different-sized doiines,

MATERIAL AND METHODS

Study regions and study sites

The f ieldwork was carried out on a karst surface of 30
km ' in the Mecsek Mountains (southern Hungary]. and
on a lcarst surface of 5 k111': in the Aggtele« Karst area
(northern Hungary) between 2005 and 2012 (Fig. 1j.

On the karst surface of the Mecsek Mountaíns, there
arc more than 2000 solution dolines lócared bctween
250 and 500 nl above sea level. Most of them art'
very srnall (diameter < 20 m]. The average dianicter is
bcrween 20 and 40 m. The diameter of the targest dolir:e
is over 200 III and its dcpth cxcceds 30 m (Lovász,
1971). Due tO tnese topogranhic diíterenccs. rhc-
ccologícal conditions (e.g. soil moisturc, air hurnidityj
of the elolines arc highív variable (Bátori et al., 2011).
The average annnal ra.infall of the srudv region eveceds
700 rnrn. DUG to the sub-Meditcrranean elimate. the
monthly maximum values during sumrner (77 ;11111 in
both Máv and ,June) and auturun (72 mm in October).
The annnal mean temperaiure is about 9.5 "C. with
the híghest mean temperature of 19.3 "C in .Iulv,
Winters arc moderaiely cold with a mean temperature
of -1.1 "C betwee-n December and Febr-uárv {Adárn et
al .. 1981; Marosi & Somogyi, 1990). The investigated
dolines arc situated in the oak-hornbcarn belt of
the mountain range. in the mosaics of Illyrian type
oak-hornbeam (Asperuto taurinae-Curpinetunú and
beech forests iííeueboro odori-Faqeturm witb the age
of 70~ 110 vears, The bottom of larger deliries is often
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covercd by fragrnents of ravine forests (Scl1teliaáa
altissimae-fkereru m) (Bátori et al., 20 i:2i. Some dry
grassland and hav rneadow patc-hes. moist habitats
and rrampled places also occur both on the plateaus
and in the vallevs of the siudy region.

Vecsembükk is a part of the Aggtelek Kar st area
charactcriscd by more than l Sü solution dolines located
betwcen 400 and áOO Hl above sea level. The average
eloline size is much larger (80 1.0 100 m in dinrneter]
than in the Mec-sek Moun ta.ins. The diamctcr of the
largcsr eloline is over 350 m and its dcpth excccds SO m.
Average annnat ralntal! is morc than 650 1'n111with the
monthty maximum du ring surnruer {85 111111 in .Iune].
Annual mean rempcrature is about 9.1 "C, with the
híghest mean ternperature of 20.3 "C in July. Due to
the contineutal clirnate, winter-s are cold with a mean
ternperature of -2.5 "C from December to February
[Ujvárosv. 1998j. The invest igated dolincs arc of ten
surrounded by 60-110 years old Central European
type oak-hornbearn (Carici pilosae-Carplnetutrú and
beech forcsa5 (A1elittlo-F'ageiu.mj consiating of some
high mountain plaru species Hkc Dryopteris e>.pansQ,
PolygoHcaum uerticillaturn or Rosa pellclulina. Delinos
are often covered o:,{ serce forcats ítvíercuríali-Tíiíetum
and Tilio-FnL\inelwn} or fragmcnts of ravine forests
(Scofopendrio-Froxin.eI1an) {vojtkó, 200.'3: 2(04).

Sampling
Investigations were perforrned at iwo different

levels: íJ) at the level of each do line and (2) at the
level of the karst surfaces, A total of 29 dolines were
studied: 2G in the Mecsek Mountaíns and 9 in the
Aggtelek Kar-st area. Dolines "'....-ere selceted randorrily
from I.WO size classes of delinos (díameter -::;100 m
and diame-tcr :. 100 01). Dolincs tanked by diamcrer
arc identiűed with capital letturs from An, to Tm for the
Mecsek Mountains. and A" to 1.,to, the Aggtelek Kar-st
area [Tabie 1).

Vascular planr species lists were compiled between
:2005 and 2012 for 20 elolines (A,.L to TllJ of the Mecsek
Mountains and 8 dolines lA to C; E to [ i of the
Aggtelek Kar-st area. Spe~i~s dat<~ \~;ere ~ollected
from early March to late Octobcr lor the total arca of
dolines, The total area included the arca of the slepe-s
(where the slope angle was 0\'(';::' 1O~)and the arca of
the rims, an approxirna te-lv 1 to S nl wide srrip around
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Fig. 1 Loceticn ct the study reqrons in Hungary.
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the smal ler dollnes, and an approxi marelv 10 to 20 m
wide strip arcund the targer dolincs where the slope
angle was Icss than 10·'. Each eloline was visited at
kast 10 limes d ut-ing the ínvestigauon pertod. Pinalív.
a species list fúl' bot h kar-st su rfuces (Aggtelek Ker-st
arca, Vecsembűkk: 5 km-', Mecsek Mountains: 30
km-] WHS obrained from the database of the Central
Eu.ropean Flora Mapping Programme (CEUi and from
detailed field observations. During field srudies. the
most typícal habitat type of each species was also
recorded [i.e., the babitat preferred by a species in the
study regions).

Transects for sam pling t.he herb layer were
established ac ross the 20 dotínes V\1l to TI.:) of the
Mecsek Mouniains in a nerth-south direction,
passing through the deepest point of the depressions.
Tr an secl s begun and ended in the surrounding torests.
aceording to OUl" forrner study (Bátori et al., :20l2}.
In the case of the Aggtelek Karst arca, 4 dolincs fB,.,;
D,,; E,,; GJ wcrc sampléd wit h t hc same method. Each
transect consisted of a scrics of 1 111 x 1. IT': contiguous
plots. Percentage cover of ('8.('11vascular hcrb and tree
sapling was estimared visual'v in the plors. A total of
2220 plots were recorded.

The diamcter and depth values of dolines were
also measurcd in. both rcgíons (wit hout considering
the dolinc rim] (Table 1), from which deptb /diameter
rottos were detemuned.

Species grouping

AlI vaSCUI2.í plant species found in the karst
surfaces wcrc classified aceording to their coenological
preferences (800, 1980). Pinaily. J;3 large groups of
spectes werc estabttshed: {Sg(1specíes crdrv oak íorests
{e.g. Acer tutoricum. Betonica officirialis, QuercHs
cenis, Sorbue tonninaiis., Viola hirto), [Sg) species of
mesic oak foreste f.e,g. Acer compestre. ConuC171aria
majaíis. Galium sctwíteeii. Liqostrum outqore, Meííca
un (flora), !Sg,) species of Central European. beech
íorests te.g. Ace- pseuaoptcuanue. Aitium ursúwm,
Carex piiosa, Faqu» sylL:(ltica. l\-tilium effusums, (SgJ
species of lllyrian becch Jorcst s (e.g. Asperuta taurina
subsp. ieucanthera. Heííebovue odorus, ,l(V-SCI1S

aculeafus, Ruscus hypoglosswn, Tarnl.iS cOlllrnunis),
{Sg:::;Jspecies of deep ravincs and gorges (e.g. Anlllcus
dioicu s. Aspíeníum scolopendrium, Lunaria rediuiua,
Po!ystichum. aCII.!eatwn, Silene dioicaj, {Sg.J species

of wet Iorest s (e.g. Alnus glutinosa, Carex remete,
Cnrusospíenium auernífotíum. Fesiuca qiganteo.
Satis: alba), !Sg) species of dry grasslands (e.g.
Achillea parnunnea. Festnea rupíccla, Fraqaria viridie.
S'all'ia pratennie. Vicia angustijoliaj, (Sg<!i species
of mesic hay meadow» (e.g. Alopecuru s praten ...<:;is,
Arrherwthenan dalil.ls. Ho/cus Im!atus, Pastil!OCa
smiua, Poa protensísí, [Sgui species of mar-srres
[e.g. Carcx acníiformie, Ga/ium palu etre, LJjCOjJliS

europaeus: Phmgmites austratie. 'Fypha íatífotíov.
(Sgiil) weeds (e.g, BaUoto. niqra. Capseilo bursa-
pasto,·is, Cnenopodtuma'bum. Herdeum murinum, FOG

bulbosa), (Sg;\i adventíve species (e.g. !icer· negwuio,
Amorpua [ruticosa, Ambroeia ortemisittoíía. (jtterCHS

ntbra, Robinia pseucioacac"ia), (Sgi) indifferent species
(e.g. Acnitiea cotlina, Ccrex hirta, COTOnilla l'a ría ,
Plcmwgo media) Unica aioícos, rSg:) species of other
habitars (e.g. species of acid ic forcsts] íc.g. Betula
penclula, Castanea sativG, Luzuia íuzuíoídes, Lychnis
viscwia, Vemnic:n (~ff;cinaiisj [Tab!c- 2j .. The group of
Sg, together with other plant species of high altitudes
that are olassed in variou s other groups are referrcd
to as .rnountain" species throughont this paper.

Statistical analyses

The moving splít window (MSW) technique (Webster,
1978), based on percent cover data, was used as
a quantnatíve identiílcation of boundary location
along the iransccts (Fig. 2). This rnethod calcuiates
dissimilaritv coefriciems beiwccn spli: windows bv
moving a sampiing unit from one end of a transcet 1·0

rhe other end. The complernenr oí 1 he Penkonen index
(DREN)was applied as the comparanve function, since
it is sensuíve to species compositicn cnanges [Zalat.nai
& Kőrrnőcai. 200.:1: Kőrmőcai. 2005). Sigruí'icancc of the
boundaries "..'as tesred ueing the z-score transfcrrnancn:

;;::(d rj.•.... d .:tf 1; -,lSD {,.~pJ

where z is the z-score, d; is the DI<EN at position iif

~1~i~~~~~~:1I:~~~O~~~~;l{~~tl!:·tbl.jt~1~r~~1l~·~~:1~~:i~~:;e:i~e~~:
~~~;~~~~~~<~l:;(l}~~)~1~~~;}~;;1il~(;~~l~:':l~::.~;~;~~\'\~~:~:i~,r;:;~~.
window size k; Random reference- was made wil h plo:
ranriomization and 1000 randomizations werc done.
Z-scores were plotted agaínst the window rnidpoirit
posirion. ln this profüe. vegetation boundaries appear

international Joumöí of Spefecfogy, 43 (1j, JS-26. re.noe. FL (USA) Jenverv 2014



18 Bátori et al.
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Fig. 2. Representative z-score profites of treneects in íwo cotines {M._. R_) cr the Mecsek Mountatns with the different ooune part 5 iNO. 1 and No. 2)
and mcrpholoqica! profites.
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as peaks. 7.....scores for each windoc..' midpoint pesttien foreste [ef Bátori et al.. 2012; Vojtkó, 20(3), t hercfor-c
were calculated from 1.to 5 halí-window sizes for smaller this division is appropriate to cornpare the vegeration
dcünes and from 5 to 1.5halt-window sizes for larger of the doline bottoms \•..-ith that of their surroundlngs.
dolines. z-scorcs above 1.85 were considered indicative Princípal cocrdiuates analvsis {peoA/. based or:
of significant (p < 0.05) boundaries [Kőrmőczi, 201l). presence-absence data and Euclidean distance. \»as
Positions where most of the a-secre profiles "vere above earned aut to reveal the vegctauon patterns in the
1.85 v..'ere considered real vcgctauon boundaries (Fig. 2). dolincs (Fig. 5, 6). vegetauon iypes In the seatter plors
f'v1S\oV computations were done using the statistical were identified aceording to the results of MSVI and
language R 2.10.1 {RDevelopment Con>Team, 2009). rield observations.

Sf1Ch t ranscct was divided in to two part s aceording Species-arca relations (Arrhenius. 192 l ] wcre
to rhe resu lt s of MSW (Fig- 2). The first par-t always assesscd for all plant species, as wcf as for the groups
consisted of the bottom of the dolines and the íowcr of Sgi and Sg2 {í.c., oak forest) species. S~l and Sgi
parrs of the siopes (No. 1 in the profi ie), wbile the (i.e., beech forest) species and Sg_., Sg,. and Sg, Ii.e.,
second part consisted of the upper par-ts of the cool-adapted] species (Fig. 7, 8j, The Nestedness
slepes and the rirns (No. 2 in the profilej. Finally, Temperature Calculator [N'I'C] of Atrnar &. Pattersen
the proportions of the species groups (weighted by (1993, 1995} was used to explore various features of
species occurrences in the plots] of both part s were nestedness of the flora of dolines (ht.tp:(laj~~..:r~.~~í:l.r;;:h.
calculated and used to assess the Flóristic differences !':'QJ.u/l.l.e$JedIH~.s.s.!.ternpc.~.J.c:Jl.tml). The degree of nestedness
beiween them (Fig. 3, 4j. In rnanv cases, the species of the presence/absence matrix \,\'BS quant ified by
cornposition of the upper doline slepes and the rims is using the matrix's temperaiure ('lj and by assessing
the sarne as (or very simitar to) that of the surrounding ihe sraristical significance of nestedoess. T rurigcss
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Mm lio liiiiiiiiW' •Nm íIOO. ...., • il =
O", iiiI. iiiiiiiiiií' •••• = O

Pm • - iiiIIiW' liíIII.. = =
Qm -- ...., iii- i:::::J =
Rm ••• iiiiiiiiiií' •••• c] = O

Sm - •••• iíii? - = Iiiiiiiiii" iir=
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Fig. 3. Preperuens of the ditterént species groups in the corines of the r...tecsek Mouruatns. White and black bars refer to the prcporttons of the 1'..
and 20<1 veqetatíon units. respectivety.

SgI Sg2 S93 S94 S95 Sg6 S99 S9,0 S911 Sg'2 S9"
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Ga --- liiI- iiíiiii? ... E'
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Proportion (%)

ng. 4. Proportions of tne difterent species groups in the ocnnes of the Aggtelek Kars! area. \i\rn~le and black bars reter to the prcportíons of the 1':
and 2~J veqetaüon uoüs. respecüvelv
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Fig. 5 Representative PCoA seat/er diagram for the plcts of three
dclines 0=:". H,,,, RJ of the Mecsek Mountains Netenorr 1. plots
el the ceecn forest (NeflebOre odori-FagetiJm) and oak-nornoearn
torest (Asperulo teurínee.Cerometems of donoe R.,,,. 2. orots of the
beech torest and oak-hornbeam ferest of ooane H : 3. otots of the
beech ferest and oak-tiombeam forest of dcüne E:': 4. plcts of the
revine torest (Scuíetíetío etussimee-Aceretum; of do line R"..: 5:
plots of the ravíne forest of ooune H", vartance expraíned by the
first and seccnd axes was 19.9% and 10.8'%. respecuvetv

~ 1. EJ 4. G~

6 2 ..•. 5. E~

') 3 t;< 6. B~

Fig. 5. Representative PCoA seatter diagram for the plots of tbree coénes
(B., E~. G) of the Aggtelek Karst area. Notation: 1. pioís of tbe beeerr
for est (Meitttio-Pageturn) and oak-hornteam forest tceca pnosee-
CarpmGwm) of doune G_; 2. ptots of the oeech forest and oak-hombeam
forest of doline E~: 3. p:cts ef the beech ferest and oak-hombeam farest
of doline 9~;4. plots of the scree ferest (Mercuriafi- Ti:iettJmj of dctine G~,
5: píots of the ravine fores: (Scclopend:io-Fra)(inetum) of ocüne E.: 6'
plots of the scree forest ofdoline B,. Variance explained by the fir~ and
seconc axss was 15.7% and 10.5%, respsctively

from 1 leold) to 100 (hot}, where 1 indieares the perfeci
nestedness, and 100 indicates the complete disorder.
Since OUI" matrix was not square {i.e., equal number
of ro-vs and columnsl and fill waa tess than 50:;'0,
the matr-ix has beeri randomízed u sing MOJ1.1e Cai-lo
simulatiens by 500 timcs to get the average T of the
random matrieos i~,,:"I)' Plnnt species that contr-ibuted
to the matrix disorder the most \V(T(' elso detennined.

Plarit species namcs were used aceording to Király
(2009),

Bátori et al.

A

B

C

D

log area (m')

Fig ? Relationship beíween doiine area {log}íanSfOrrned} and
species number OC9,.: trsnstcrrneo) for the vasccíar vegetation af the
Mecsek Mountains. Species-areá lines veece ceterrrunec for aü etánt
spectes (A: y = 0.2491)( + 0.9588. R ::o. 0.9694) and fer tne groups
ef beech forest species (8: y= O.1819x + 0.9247. R::: 0.9506). oak
forest species (C: y = 0.273x - 0.4083. R = 0.8789) and coot.acanteo
species (D: y= O.6507x - 1.8830. R -= 0.9405)

B

A

3.5 4,5

log area (m1)

Fig. 8. Relationship between dcttne area (log,.,transformed} and
spectes numcer (la9::; trenstormed) for the vascular végetation of the
Aggtelek Karst eree. Species-areá lines were ceteumnec lor att pia nt
species (A:y = O,1926x + L1463,R ~ 0.8590)and torthe grau ps of
beecf forest species (8: y= 0.1614x + 0.9524. R = 0.8698).

RESULTS

The species composition of the karsr surface in the
Mecsek Mountalns (30 krn''] was rather eliverse [Table 2)
wíth a total of 750 vascular pla..nr species from 1:3species
groups. Many of the forests were dominated bov Sg , SgI
and Sgi species. while SgI species occu rred r~alnl.~'
(In warm, south-facing slepes and Sg, species in
cool and motst habítars (e,g. valleys •.ind dolines).
Sg, species were dominant on rocky outcrops and
in drv gra sslands. S~ species in meadowa and Sg",
species in srnall lakes and rnar-shcs. Sg,,, and Sg..
species inhabired the roadsides, the plantations
and other disturbec places of the kar-st surface. Sg::;

totemetionst Journal of Spe/eG/ogy. 43 í1j, TS-26. Tampa. FL (USA) Jaf"iuary 2014



... . . . ~J~..~~..~~..,~~!.~.~!IJ.f!9..~~~~.y(~~.~.,.?[ ~::~~.~.·:?f0?f.ilt.e ~ 21
Table 2. Proportions of the species qrcups and total number of plants in tne coünes of the Mecsek Mountams {A.,,- T~) and If) the Aggtelek xarst
area (A.,-!j. Framéd rectanqtes mdicate the tuqhest propcrtrcns. Aböreviauons. Sr .•..: study reqrcn cf the Mecsek Mountains (30 km:): Sfz: studv
reqicn ef the Aggtelek Karst area (5 Km); t!lS: total nürnber of species.

Sg Sg~ S9, sc,

39

"17.2 I 72.4 1 10.3

7.7 8 308 ! 16.4 I
24.1 58.6 13.8

35.5 48.4 9.76.5

2.7 35.1 54.1 5.4

38.0 56.0 6.0

2.2 26.1 63.0 8.7

45 262 50.8 7.7 31

2.7

2.7

34.7 38.7 10.7 27

4.0

14

2.7

36.0 40.0 6.7

K". 5.5 2.731.5 46.6 6.8

3.8 35.0 42.5 8.8 1.3 2.5

N".

, 4

38 3.8

282 53.5 7.0 1.< 42

27.4 35.8 11.3 1.9

2.2 32.6 44.6

31.0 42.0

7.6 1.1 5.4

2.06.0 8.0 5.0

0'"
4.2 27.4 41.1 9.5 2.1 5.3

R,,, 27.2 ·~3.7 2.9 ~2.9 7.8

Sg, tns.Sg~

29

2.6

34 29

31

27 37

50

46

4.6 653 t

2.7 1.3 754.0

2.7 6.7 1.3 75

2.7 27

3.8 2.5 80

2.8 , 4 71

0.9 3.3 1.9 66 09 1061.9

2.2 924.3

2.0 40 100

4.2 1.1 4.2 11 95

, O 1.9 1.0 4.9 103

9.5 2.1

1.6

8.6 I 3.9 I 2.6

1.5 ~ __'_'_9-,-_5._9-'._6_9--1

9.4 ~

143

S. 7A 32.0 30.3 10.7 4.9

30.3

49.1

4.1

C, 32.8 53.7

20.9 I 55.2 j

33.3 54.8

78 I 45.1 i 37.3 2.9

1.5 3.0 1.5

L_~~ 3.0

4.8

2.5 42.5 46.3 2.5

1, 42.5 48.3

Sr, ~ 16.5 13.4___ ' __ -.L__

4.1 0.8 8.2 122

07 1.3 46 1.3 6.6 13 152

3.8 5.7 53

1.4 734.1 4.1

3.0 4.5 67

674.5 6.0

3.6 36

3.9 2.9

3.8 1.3 80

23 87

. ,_.6__ 1.8 1r-'-3.-3-'-7-.-4-'--3.-3-r-11-.4~-2-.5-'!-,-,.-8' ._.__ 5:~

3.4

species such as Acolliíwn uuíparia, Actcea spicom.
AnmCliS rlioic1is, Aspleninm. scotopendrium. Asplenium
trichomanee, Cystopwris fragilis, Drgopteris a-jfínis,
Lunnria redivi1.'G, Polystichu.m. fJculeohJrn. Polystichl)/1'1
x bickrielli. and Siténe dicica were restricted rnainl .v
to mountain "islanris" (e.g, dolíne bottoms and deep
vallevs) wirhin the "ocean" of oak-hornbeam and beech
íorests, Only a few of the mountain species (Do,plme
»tezereurn, Lu zulci pilosa, <.-U1d f::J'tachys atpina (Sg~"
OCCUlTed also in the íorests surrounding dolines. .

SgI and Sgu species vv·ere ahscnt from the flora
of the investigated kai-st surface of the Aggtelek
Kar-st arca (5 k.rn-'] , t her-efore n.s 552 va sc u la r piant s
belenged to 1.1.species groups (Tabie 2). Sirnitar to
the study region of the Mecsek Mountains. Sg.l and

Stb species plaved Hl1 important wic ir, suucturing
forest communiries. Sgi' Sg,;, Sg" Sgi" and Sgli species
occupicd similar habirars as in the Mecsek Mountains.
Sg" species tAdoxa moschcuellina, Araüis turríta,
Aspíenium scntopencirium, /vsptenium tríchomanes.
C!.Jsrop[en~., fmgilis, Fesruca ottissinu», Lunario redicioa;
Polypodiurn interjectum, and Ribes nlpirwm) primarily
occurred within the deep and roc-kvdolíncs of the karst
surface. The number of other mountaín species t Carex
i}reuico!iis (SgI)' Actw:;Q spicata, ASlTUlltia major, Dapnne
mezereum, Druopteris ditatot(I, DndOp!en"s expanS{l.,
Polygorwtwn venicíítatum, Prencuuhes purpurea, Rosa
penduíína, únd Senecio OValllS !S~IJl occurring also on
the plareaus arneng dolines, was much higher thar; in
the Mecsek Mountains.

totemettenet Jouma{ of Spe/e%gy, 43 (1j. 15-26. Tampa. FL (USA.) January 2014



22

Species compósition changed markedly elepending
on the size of dolines Il'able 2). in the small and
shallow dolines (r'\w to G",j, only species belenging to
SgI' Sg!, Sg., Sgi and Sg'L were found. l n the case of
targer and decper dolines (E", to MnJ. the spectra ",'ere
wider, and scveral species of other groups, especially
of Sg.. and Sg, werc found (see Fig. 9). The large
doli~~s (N", to ~T,) containcd the highost number of
species groups wit h the highest proporrions of Sg":;>
Sg,:"Sg7' Sg, S& and Sg1.' species. In eorurast. many
Sg" Sg'l\ and Sg:l species occurrcd jn the elolines of
the Aggtelele Karst arca. independennv of the dotine
diameter. Moreover, in most cases, the proportion of
Sg .• species was much higher in the Aggjelek Kar-st
area with the maximum of lO.4(~J!)occurrtng in do!ine
E" as compared with that of the Mecsek Mountains,
where the maximum (3.9%j occurrecl in the targest
doline. In ali cases, Sg~and Sg; species had higher
proportions in dolines ihan in the total flora of the
kar st surfaces. it is important to note that larger
dolines of both regions hold rnanv Sg:'o and Sg, species
that are restricted mai nlv to rhcm.

Rcsult s of the MSVJ analysis indicatcd the prcsence
of more vegeta.tion units ILe., No. 1 and No. 2 in the
profitesi in dolincs Fm to TE1 and 13.., f)a' E.•and G,.' in
con trast. in the case of A,,,to E,.;]no significant differenccs
vvere found along the transects. ln alj but the F,,,doline,
Sgi' Sgo!an.d S~ species (if rhev occurred in the doline)
had a higher proportion in the 2'1" unit thar: in the 1'.!
unit; however, in. rnost cases Sg ~U1dSg,. ShO'NCd the
reverse distribut ion [Fig. 3, 4J. }-":rorna flot-istic point of
view, the 1'"unit showed amarked Illountain character
due to the occurrence of muuerous SK. tUlIJ. S~.,species.

When all vascu lar plarrts wcre taken into
consideration. the correlation between species number
{log[,/ransfonned) and delinc arca (log'0~iansformed.)

1

Batoriet al.
W::1S positivc and significant (R"" 0.97, j"l< 0.001 in the
Mecsek Mountains and R= 0.86. P< 0.01 in the-Aggtelek
Karst area). This relationship was also significant vvhen
the oak forest species rI? = 0.88, t:« O.GOli, beech forest
species {R = 0.95, P -: 0.0011 and cool-adapred species
(R = 0.94, P < O.OOli of the Mecsek Moumains and the
beech forest species tR = 0.87, P< 0.(05) of the Aggtelek
Karst arca were considered (Fig. 7, 8i. However, no such
significant correlation was establishcd for cool-adapter!
species and oak torc-sr species in 1he Aggtelek Karst
area. The slope of the specics-arca curves (z-valucs)
tor all vascular plant species was 0.25 in the Mecsek
Mountains and 0.19 in the Aggtelek Karst arca, while
the slope was higher for oak forest species (z = 0.27)
and cool-adapted species iZ "'" O.65} in the Mecsek
Mcuntains. The slope was relatively law in the case of
beech forest species for both regions (z '" 0.18 in the
Mecsek Mountaíns; z= 0.16 in the Af(sstelek Karst arcai.

The distribution of plant species in the dolines was
significantlv riested for both regions: T= 14.08", ~'''''l=
71.38", SD= l.Q6'~, P< 0.001 in the Mccsck Mou ntairrs:
T::: 35.32'", ~a,,'! = 56.54", SD "" 3.11 n, P< 0.001 in the
Aggtelek Kar-st arca. Specic-s that contributed greatest
ro the matrix disorder include: Froxinue exceisior. Títío
cordota (Sg_.), Acer ptosonoides, Altium. urs/num.. Arum
rnacv;ofum,- Euphorbiü amygdaloides, Galnnthus
niualis, Hepatica n.obifis, Mercuriatis perennis {Sg) and
Ruscu.s hypoglossu.m (SgI) in the Mecsek Mountains:
AJelica. rustann (Sg). Daphne mezereum, Lathraea
squmn.a.ria, Ribee uua-crispa. Stachys syluatica (Sg,L
Aspienium scotopenaríiou; Lunaria redioiua (Sg~J,
Circaea íutetiano, Druopterie carthusiaru."J. (Sg,). aI~d
Samuuf:us niqra {Sgl.li tn the Aggtelek Karst area.

peoA showed that the vegeratíon of smaller dolines
of the Mecsek Mountains was very simitar ro thar of
upper slepes of targer oncs {a reprcscntativc sarnpk- is

2

Dryopteris tilix-mes

Fiq. 9, The species compostnon ef the l., ocííne (a representanve semerej arcna the transect divideo inte lwc parts (dohne bettom. No. 1, ucper
stopes and nm: No. 2) by the rnovtnq spi'it window (MSVoJ)tecnmoce. Species nemes of deep ravines and gorges (5g,) and wel. rorests (S9.) are in
bold and species names of dry eae teresta {S9,} and mesrc oak rorests (89) are undértined. .
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shown in Fig. 5). The length of the gradient along the
1'~'axis was the longest iri. the targest deli ne and the
slopes were covered by differcnt tvpes of forests, Plots
of the ravine forests were on the left side of the seatter
in the gívcn samplc, Howcvcr. the plots of beech
forests and oak-hornbeam forests were not scparated
from each other. Despite the relatively high depth/
díameter ratíos of some smaner dolines (e.g. B",: 0.25;
E,,,: 0.23), they did not contain vege-tarion typcs that
wcrc not presc-nt in larger dolincs, In contrast. as the
rcprcscntatívc saruple sbows [Fig. 6), ordination of the
plots of the Aggtelek Karst arca iridicared a different
pattern. Plots of E.~,at one end or the gradtcnt showed
a relatívelv distinct vegetation type that was absent
from Iarger dolines and was identified as ravine forest
in the fie!d. However, scree forest was absent from this
doline. Similarly to the Mecsek Mountains, the length
of the gradient along the 1"'-a..-..:.iswas the longest in the
largest doline.

DISCUSSION

Hurna nity is rapidly dc-stroving habita ts thar arc
natural, species-ri ch and are an important sourcc of
knowlcdge about life-history evolution [Pirnrn(~,Raven.
2000). In additiori. another advcrsc factor is the effect
of elimate change caused bv global warming, which
has caused disuibutional shift s towards the poles or
higher altitudes aceern parned by various behavioural
changes in the case of several species {Walther et
al.. 2002; Erschbamer et al., 201lj. However. many
species cheese Other possible migration routes
restricting their distribution to sheltercd sítes su ch
as dolines, fene, pond s, vallcys and other cold and
humid placcs (Schindler el: al.. 1996: Kochjarová et
aí.. ]997; Bátori et al., 2(12).

Our study vielded three main results. First, the
investigated deliries can be recognized as refugia for
rnany vascular plant species. Second. eloline geometr.y
signíűcantty influences the distriburton of plan t

species. Third, species preservation in the dounes is
not influenced by the type of regional elimate.

The role of dolines in preserving diffcreru kinds of
species is well-known (Horvat, 1953; Ozkan et al .. 2010;
Bátori et al., 2011), alt hough species preservation is
significan\ly ínfl.uenced by marty factore {Ocigcr. I 950;
Lehmann, 1970; Favretto &, Polriirii , 1985; whírcman
ei: al., 2004). Our studv revcaled that dolines of both
Investigated regions provide good habitat for manv
species adapred to diiferent tcmpe.ratu re and moisturc
regtmcs. Aceording to the resutts ot' the M,SW analysis.
végetation of srnaller dolincs of the Mecsek Mountains
does not change substantially along the transects.
however, the slopes of targer dolines of both regions
contain more végetation units wlrh their own species.
when all plan; species of the dolines are considered,
the z-values [z = 0.25 and z = 0.19, respectivelvl are
in good agreernent with those obtaíned previouslv
for oceanic and habitat isiands {Begon ef. al., 20(6).
Our rcsuli s suggest rhat the targer dolincs of the
Mecsek lvlountains have much great er impact on the
distribution of oak fürest species than the smalkr
ones. Larger dolines ha\'e la.rger south-facing slopes,
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which allow incteased insolarion during davrime. The
species-areá curve for oak forest species (z = 0.27)
is much sieeper than that for beech forest species
(2 ,;: 0.18 in the Mecsek Mountains: z '" O.lő in the
Aggtelek Karst arca). This means that, for bcech
forest species. dolines serve as island-Jike habitats
to a lcsser degree than for oak forest species (ef.
Rockwood, 2(06). We did not Iirid línear correlation
bctween the number of oak forest species and delinc
area in thi;' Aggtelek Kars: arca. This is due to the fact
that. some elolines of this region have vertical rocky
walls, which moditv the effects of solar insolation on
species preservation of the south-facing slepes. Jn OUI"

lor mer study (Bátori et al .• 2012j, \'."_~reported that large!"
dolines of the Mecsek Mountains act as refugia for rnanv
cool-adapred plan ts of the sum-ner Iiora. If considering
the steepness of the species-arca curve of coot-adapted
species in the Mecsek Mountains [z = 0.(5). we can
conclude that larger dolines play an essential role in
preserving many plant species that art' particula riv
vulnerable to ciimutic charige. This is due to the
linear relallon betwccn doline diarnctcr and dept.h ,
which resuu.s in 100,,· cr tcrnper at urcx in Iargcr dolines.
As the mu.ltivar-iate analvses (MS\V, peoA) and field
observation s rcvcaled. larger dolines of this region
always contain the végetation types of the smaller
dclines. lIowever, cool-adapred species and vegetation
tvpes of the /\ggte!ek Karst area show a very different
pattern. Although vascular plant assern blages are
signíficanüy nested in both regions, \;"'C should always
take inte consideration those species that appeared in
unexpected placcs (Atrnar & Patterson, 1993; Heino
el al., 2009}. For example. many idiosyncratíc species
of the Aggtelek Karst arca beteng to the groups of Sg_c;
and SK, highlíghtíng the rolc of some srnaller cloline~
as refugia. The sm•.illc-st elotine of rhis region (AJ
contams m nch more cool-aclapted species than sorne
im-ger ones {e-.g.CI, and H,.).This can be explained
bv the geomctrv, because this delinc is deep relative
to its width (depthjdiamete-l' rauo is O.38j and, in
addition, has rocky walls. The sreep slepes of some
smaller dolines are COl/ered by ravine Iorests, w-hich.
végetation type is abscnt from rnanv large dolines of
this region.

Both investigated regions are rich in habiiats
and piarit species. Oak-hombeam and bec-ch forest
communiries dominatc- most of the plateaus and
hiil siopes f.Iakuce <.y. .Iurko, 19ó7; Kcvey & Borhidi,
19(8), f:'cologicaJly connecting the numerou s dolines
scattered in these foresrs. However , the proponion of
different types of species dtffers markedly betwcen the
kat-st surfaces and individual dolines. The different
regional climates of the two regions studied resulted ir,
differenr species pools from which local communitles
are drawn {cf. Parte! et al., _1996,1. This is in good
agreement with the results of forrner siudies, which
revealcd that manv plant species have a high degree
of range equílibriurn with actual elimate (Webb, 1986;
Prentice et al., 1991). Considering our study regions,
Sgi species play an imporran1: role in structuring plant
communities of the r..,'!ecsek I\,1úuntains. but. t.hey arc
absent ftom the study region of the Aggtelek KarsI.
an!•.l. although some lll~vrian species do occur in other
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parts of the Aggtelek Kar-st area. Obviously, thesc
differences are somewhat undet-standable if we try to
identify and clarírv the late glacial and post-glacial
evolut ion of the Carpathian Basiri. Investigatien of
loess prof'iles, lake sedimcnts and archaeological
sites in diffcrent parts of the Carpathiar: Basín
revealed that between ca. 32000 and lóOOO vear-s
BP recurring borcai foresi -steppe characterised the
arca (Willis el: al., 1998; Rúdner &. Sümegi, 200lj.
After the Younger Dryas {JIIj (ca. 11000 BP). warrning
with increasing surumcr insolation allewed species
to expand northward. mainiv from the BaJ kan
Peninsula. In the Boreal and Atlantic phases of the
Holocene, the lírnestone floraof Hungary became more
diverse with many vascular plant species rnigrating
from the sout.h. After the Holocene dimate optimum
{ca. 5000 BP). when the elimate became coeter, manv
warm-adaptcd ptants or northern Hungary have beeri
forced into rcfugia (c.g. south-racing rockv ou tcrops] ,
but the Mecsek Mountains and ils surroundinge
presorved its sub-Mediterranean character (Borhidi,
2006). Under the prc-sem-dav cümurc- regíme of the
Aggtelek Kar st arca, mountain elemenis could occ.upv
the karst surface at rwo levels. First, many mournain
species [c.g. Danhne rnezereum, Potuqcuatnm
verticittatumí occur in al! favourable habitats, both
on plateaus arneng dolines and in dolines: second.
other mountaín plants (e.g, Lunario rediuiua, Ribes
aípinu mí are restricted mainlv to rock)' riolines (see
Fig. 4.). In cont rast. d u e to the wanner elimate.
mountain species of the Mecsek Mountains occur
ma in ly in dolines rsee Fig. 3.} and in deep valleys
{ef. Kevev , 1997). However , doltnes of both regíons
play the samc rok in t hc' preservauon of vascular
pJant species. Sincc largcr dolines of both regícns
wcre forrned in the Plcistocene [Hoyk, 1999; Telbisz
ft, Ádám, 2011i, they rnighr play an important tok as
retugia for manv vascular plants in different periods
of geologic time, highlighting the elolines as target
obiects for vegetation historv studies. For exarn ple,
Stachys atpina. Z~ cold-stage rellet of the Mecsek
Mountains (Simon, 2000), might have survíved
in the bottom of targer dolines du ring periods of
unfavourable conduions (e.g. in the Atlaritic phase
of Holocene].

OUf results auggest that the effects of doline
geornctry on tempera: un: ínversion strength.Iatitudc,
rockiness, végetation CO\'(T and végetation history
exert a major impact on ptant growth and survival
in dolincs. We can conchide thar. karst dolines of
Hungary can be considered as potennal refugia for
many vascufar plaut species under future global
warrning, therefore thev are particularly important
from a conservation point of view. Due 10 the receru
increases in the degradaiion of doline végetation (e.g.
deforestaticn, ovcrgrazíngj in some areas of Hungary
(Barány-Kevei, 20 ll), thcre is ct pressing need to
íocus conservation eüoris on the preservation of the
valuable flora of dolincs. The c-lassificauon of species
presented in this paper will be used to prioritize
species groups on which to locus management and
to idernify those envircnmenta! factors which require
furr her stud ies.
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