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Abstract: In our study precipitation response of mesic deciduous woodlands (lowland pedunculate and sessile 
oak-hornbeam woodland, beech woodland) are discussed in the vegetation based landscape regions of South 
Transdanubia, including Belső-Somogy, Külső-Somogy and Zselic at landscape scale. Long term precipitation 
variables from BIOCLIM series as potential ecological predictors are used to characterize and compare climate 
envelopes of selected mesic woodlands. Non-parametric Gaussian probability estimation detailed with kernel 
densities as a potential series of ecological niches were computed for yearly, quarterly and some short time 
range or deviation of precipitation representing annual trends, seasonality and extreme or limiting environmen-
tal factors in order to get more extensive knowledge about macro-ecological responses leading to environmen-
tal adaptation. Precipitation envelopes of the woodlands as the whole and the habitats in each are nearly inte-
grated into the regional range according to their summarized densities on relative frequency. Precipitation 
response of beech woodlands shows significant difference to semi-natural habitats by all variables conse-
quently but to habitat group of mesic woodlands only in some case (e.g. annual sum of precipitation). Climate 
envelope of pedunculate oak-hornbeam woodlands and sessile oak-hornbeam woodlands significantly differ 
from semi-natural habitats response by precipitation of wettest and coldest quarter, especially. Among studied 
variables the annual sum and one of the warmest quarter turned to be the most effective in climatic niche dif-
ferentiation in habitat group of woodlands as a whole as well as in mesic habitat types in each. In contrast to 
the above mentioned, fall sum of wettest month and precipitation seasonality is verified to provide the most 
slight niche segregation effort. The two latter ecological phenomena is suitable to discover the most significant 
macro-ecological factors to enchance functional diversity [BIOCLIM-12, -18] or variables to confirm a nearly 
uniform precipitation performance [BIOCLIM-13, -14] in submontaine mesic woodlands as the main macro-
ecological predictors for water input.

Keywords: climate envelope model, mesic deciduous woodlands, niche segregation, MÉTA habitats, South 
Transdanubian Region

Introduction

Examining vegetation environment relationships based on relevant ecological data 
supported by a theoretical model and management applications is forming current hot 
spot questions and answers, and can be discussed both from ecological and environmen-
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tal point of view. Climate classification of the vegetation is mainly computed at different 
spatial scales, according to bioms, continents, countries and regions leading to be con-
structed spatial or ecological patterns and distributions (ozenda and borel 2000, 
HoSSel et al. 2003, PioveSan et al 2005, tHomPSon et al 2005, attore et al. 2007). 
Requirements for small-scale studies are discussed and demonstrated by more and more 
authors nowadays (e.g. lindner et al. 2010), but their conclusions as the scientific 
results have to be applied with caution.

Quantifying significant ecological factors influencing range and threshold values of 
species or habitat existence or distribution is an ongoing challenge for scientists nowa-
days, especially under current changing climate conditions (guiSan and tHuiller 2005, 
Colwell and rangel 2009). A lot of measures have been used to quantify distribution 
characteristics leading to construct environmental niches and analyse their overlap (e.g. 
FitzPatriCk et al. 2008; PeterSon and nakazawa 2008), differences in niches using 
observed occurrences of the objects can reflect to their unknown conjunction (Soberón 
2007, Colwell and rangel 2009). Ecologically appropriate subset of environmental 
conditions that is actually occupied by the species or habitats corresponds to the realized 
niche (HutCHinSon 1957). Long term climatic conditions resulting the realized environ-
mental envelopes described by a set of geographically referenced variables come from 
the widely used, systematic climatic databases (HoSSell et al. 2003, beaumont et al. 
2005, HijmanS et al. 2005, attorre et al. 2007, CzúCz et al. 2009). Novel analyses con-
necting distribution models with other ecological phenomena can provide novel capaci-
ties for understanding specific and general drivers of occurrence and distribution. 

Transdanubia of Hungary is one of the most significant regions for lowland and colline 
mesic woodlands under high level of climatic and geographic variability (molnár zS. 
et al. 2008, www.met.hu). For this reason the region can be a suitable object for eco-
logical modelling and passing out spatial studies at regional scale. Bioclimatic variables 
as the adequate macro-ecological environmental predictors representing annual trends, 
short or long term extreme or limiting abiotic factors of the sorrounding, therefore they 
are more suitable for studying climatic niches and interactions among them (e.g. 
HijmanS et al. 2005). These ecological phenomena, especially the precipitation compo-
nents do play a significant role in the long term existence of mesic woodlands that are 
consensually regarded to be a macro-climate adapted vegetation in Europe, even though 
of their geographical or regional diversity (e.g. marinSek et al. 2013).

The aims of our study is 1) to characterize and compare climate envelopes of mesic 
deciduous woodlands by mean, minimum, maximum and range of monthly, quarterly 
and yearly precipitation variables, 2) to analyse relationships between climatic niches of 
mesic woodland habitats by summarized and multipeak distributions and comparing to 
semi-natural habitats furtherly, and 3) to detect bioclimatic variable(s) that could be the 
most significant for niche segregation providing an essential contribution to quantify 
precipitation performance of mesic woodlands in the studied regions.

Material and method

Study area
The study area is Külső-Somogy, Belső-Somogy and Zselic as the three significant 

vegetation based landscape regions of South Transdanubia in Hungary, defined on their 
actual macro-climatic, dominant extrazonal or edaphic vegetation types (molnár CS. et 
al. 2008). Elevation varies in a moderate range from lowlands (96 m a.s.l.) to hills (300 
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m a.s.l.), the average is 161 m a.s.l. 30 year annual temperature varies between 9,8 ◦C 
and 11,3 ◦C, the average is 10,8 ◦C (Salamon-albert et al. 2011). Studied regions are 
positioned in the intersection of three macro-climatic zone: from west the atlantic, from 
east the continental and from south the mediterranean one, that can highly influence the 
climatic surface. According to the newest climatic map of Europe constructed by the 
categories of Köppen-Geiger climate classification system (Peel et al. 2007) there is a 
humid cold continental climate in the region on global scale. Regarding to a district scale 
climate classification (PÉCzely 1963, 2006, www.met.hu/) moderately warm - moder-
ately dry and moderately warm - moderately wet climate types dominate and furtherly, 
six ones occur in the region among twelve regional climate types of Hungary configur-
ing a climatically diversed sample area for a high resoluted climate based landscape 
ecological investigation. Regarding to the large scale climate classification mid-latitude 
grasslands, broadleaf deciduous forests and woodlands but rarely some mixed evergreen 
and broadleaf forests can be dominated in the vegetation potentially fitted into the zone 
of submontaneous oak-hornbeam woodlands as mesic woody habitats and thermophil-
ous oak woodlands with open steppe oak woodlands and riparian vegetation at European 
scale (ozenda and borel 2000).

BIOCLIM variables
Yearly, quarterly and monthly sum or deviation in precipitation as bioclimatic varia-

bles [from BIOCLIM 12 to 19] were used calculated from meteorological data measured 
by the local weather stations of the Hungarian Meteorological Service (http://vissycd.
glia.hu/atlasz.html, merSiCH et al. 2001). They are also integrated into the WorldClim 
database for further applications (http://www.worldclim.org). Spatially interpolated 
variables are applied recalculated for the regional surface at fine resoluted hexagon scale 
of MÉTA database by the Institute of Ecology of the Hungarian Academy of Sciences 
(CzúCz et al. 2007). Bioclimatic variables are developed in order to generate more bio-
logically meaningful ecological predictors and are often used in ecological niche com-
putation as bioclimate envelope model.

Precipitation variables for the analyses are BIOCLIM-12 the mean annual sum, 
BIOCLIM-13 the mean sum of wettest month, BIOCLIM-14 the sum of driest month, 
BIOCLIM-15 the annual seasonality calculated as standard deviation of monthly means, 
BIOCLIM-16 the sum of wettest quarter, BIOCLIM-17 the sum of driest quarter, 
BIOCLIM-18 the sum of warmest quarter and BIOCLIM-19 the sum of coldest quarter. 
Annual data refer to monthly averages from January to De-cember, wettest quarter refers 
means from June to August, driest quarter refer means from January to March, warmest 
quarter refer means from June to August, coldest quarter refer means from December to 
February as the periods of three months, ¼ of a year.

Habitats of mesic deciduous woodlands
MÉTA habitat and mapping project (2002-2006) was a systematic survey of the 

Hungarian semi-natural vegetation on landscape scale connected with spatial and geo-
graphical information (bölöni et al 2007, molnár et al 2007, HorvátH et al. 2008). 
Data collecting in the field were carried out at high resoluted hexagon scale (35 ha) as 
basic units, and they were integrated into quadrats for landscape mapping (35 km2), both 
were added to the so called MÉTA database (HorvátH and Polgár 2008). In our study 
mesic woody habitats connected with precipitation variables from BIOCLIM series were 
assigned for 16300 hexagons of 163 MÉTA quadrats of the three landscape regions. 

Totally, 5 MÉTA habitat types of mesic woodlands in the associated habitat group (K) 
were identified in South Transdanubia, including K1a the lowland pedunculate oak-
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hornbeam woodlands, K2 the sessile oak-hornbeam woodlands, K5 the beech wood-
lands, K7a the acidofrequent beech woodlands and K7b the acidofrequent oak-hornbeam 
woodlands (molnár et al. 2008, Salamon-albert et al. 2008, 2010, 2011). In our 
paper we focus on significant mesic woodlands having sufficient sample size for the 
analysis as K1a (n=1792), K2 (n=2042), K5 (n=926), the associated habitat group of K 
(n=3848) and moreover, with high attention on totality of natural habitats as ÁNÉR 
(n=9187) using presence-absence data of occurrence.

Sessile oak hornbeam woodlands (K2) are the most abundant in the regions as well as 
in Hungary. They mostly occur in submontane and colline elevation, usually on deep 
soils and dominated by Quercus petraea, Carpinus betulus and Fagus sylvatica. In 
Belső-Somogy, this habitat type is replaced by lowland pedunculate oak-hornbeam 
woodlands, according to geographical distribution and connected to cool-humid climate 
suitable and available. It occurs on all types of (but mainly on solid) bedrock, it can 
rather be found on loess or loess-like sediments and misses on sand, and occurs on clay, 
where it forms mosaic with lowland oak-hornbeam woodlands in the hilly regions.

Pedunculate oak-hornbeam woodlands (K1a) are the next by their abundance among 
mesic woodland habitat types in the regions. Shadowed and mesic forests of lowlands 
and hilly landscapes with Quercus robur and Carpinus betulus in the tree layer. The 
centre of the distribution is in the western part of Transdanubia: with greatest area in 
Belső-Somogy (14000 ha) and in Dráva-sík (6000 ha) connected to. Apart from lowland 
of Drava (Dráva-sík), it can be found only at the edges of the Great Plain (Alföld), with 
the greatest extension in lowland of Szatmár-Beregi sík (1500 ha). It occurs on incoher-
ent sedimentary rocks, especially on sand and clay, mainly on the humid parts of the 
regions. Along the rivers it appears typically in high floodplains formated by river and 
stream valleys in the hilly regions of Hungary. This habitat type frequently occurs 
together and forms mosaic with sessile oak-hornbeam woodlands (K2).

Submontaneous beech woodlands (K5) are high growing, closed mesic forests, con-
nected to cool and humid climate with (mono)dominance of European beech (Fagus 
sylvatica). Habitat occurs in the Északi-középhegység macroregion with the greatest 
extension (45000 ha). In certain parts of Transdanubia there is 12500 ha of beech wood-
lands, especially in Zselic and Mecsek with the larger extension, and in Külső- and 
Belső-Somogy sporadically due to less favourable abiotic conditions (e.g. low precipita-
tion) and several types of human impact and the high disturbance regime.

Nomenclature of the habitats is by molnár zS. et al (2008), habitat description is by 
bölöni et al. (2008).

Data analyses
By the set of precipitation variables climate envelopes of semi-natural habitats are 

reported (Á-NÉR) as the basic, and ones of associated group of mesic deciduous wood-
lands and the types disposing statistically appropriate plot number (K, K1a, K2, K5). In 
the first step, scatterplots of relative distribution (%) were calculated for the total area 
covered by any semi-natural vegetation as the regional habitat envelope (Á-NÉR) and 
on woodland types as woodland envelope according to temperature variables. Data 
originated from the associated dataset of habitat occurrence and climatic variables, were 
sorted for the analyses representing all of the sampling points (MÉTA hexagons). In 
second step, area version of Gaussian probability curve as a nonlinear multipeak analysis 
was executed on the scatterplots, computing Levenberg-Marquardt algorithm as an 
iterative procedure using a smooth approximation. Gaussian model of climate envelope 
can be described as a non-parametric probability density function computed as a sum-
marized series of normal distributions called kernel densities as realized precipitation 
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niches. Gaussian curves as a result of integrated kernels were compared by a non-para-
metric measure of variance (Kruskal-Wallis ANOVA), pairwise significant differences 
were counted by Fischer LSD post hoc test and signed if p<0.05. Kernel densities of 
climate envelopes can be associated into functional groups, especially. To create func-
tional groups hierarchical cluster analysis combined with an explanatory optimization 
process based on a ranking method was carried out on the standardized data of kernel 
distributions in the program Syn-Tax 5.0 (Podani 1998). Analysing number and compo-
nents of clusters, quantitative climatic trait of studied mesic woodlands can be revealed. 
Poorly grouped distributions are interpreted as a climatic gradient function, ones that are 
associated to each other form one or more climatic functional group (e.g. F1).

Results

Climate envelope is the current range of suitable environmental conditions described 
by significant variables referred to pattern and distribution of the habitat in a studied 
geographical area. Basic statistics of eight precipitation variables as minimum, maxi-
mum, mean values and the range of the habitats are given for the studied regions (Table 
1). Referring to general and long term water input relations annual sum of precipitation 
[BIOCLIM 12] is the most relevant index. It varies between 566 and 753 mm exhibiting 
the widest range for semi-natural habitats [Á-NÉR] in the region. Climate envelope by 
the yearly sum of mesic woodland habitats (K) is a little bit narrowest with a little bit 
higher minumum and maximum values compared to semi-natural habitats. Among 
woodland habitat types different ranges of BIOCLIM-12 with the highest value in 
pedunculate oak-hornbeam woodlands (171 mm), with medium value in sessile oak 
hornbeam woodlands (154 mm) and the lowest range in beech woodlands (125 mm) can 
be demonstrated. Bioclimatic variables referring to a shorter period (e.g. a month or a 
quarter) or indicate environmental extremities could present some climate limitation for 
the distribution. According to precipitation of wettest month [BIOCLIM 13] whole range 
of semi-natural vegetation is completed by mesic woodland types, but the narrowest 
range of beech woodlands (K5) as well as by precipitation of the driest month [BIOCLIM 
14]. Precipitation seasonality [BIOCLIM 15] provides the worst differentiation among 
the habitat types because of its extremely narrow range in all cases. On the precipitation 
of the wettest quarter [BIOCLIM 16] as well as the next three variables as one of the 
driest [BIOCLIM 17], the warmest [BIOCLIM 18] and the coldest quarter [BIOCLIM 
19] habitats are exhibited in a decreasing order by their precipitation envelope from 
pedunculate oak-hornbeam woodlands (K1a) to beech woodlands (K5).

According to minimum value of yearly precipitation envelope [BIOCLIM 12] pedun-
culate oak-hornbeam woodlands can exist under the lowest (K1a, 579 mm), sessile oak 
hornbeam woodlands can grow under the medium (K2, 598 mm) and beech woodlands 
are positioned at the highest (K5, 612 mm) values as well as to minimum of all quar-
terly variables. Minimum of monthly variables [BIOCLIM 13 and 14] and precipitation 
seasonality [BIOCLIM 15] turns to have a weak dividing function among mesic wood-
land habitats. On the maximum values of BIOCLIM 12 climate envelopes pedunculate 
(K1a, 750 mm) and sessile oak hornbeam woodlands (K2, 752 mm) have quite similar 
threshold values, opposite to beech woodlands (K5, 737 mm) that are positioned under 
significantly lower maximum threshold. Regarding to monthly, quarterly and seasonal-
ity [BIOCLIM 13 to 19] precipitation maximums woodland habitas types can be poorly 
differentiated. By the mean of annual precipitation [BIOCLIM 12] sessile oak hornbeam 
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Table 1. Basic statistics of precipitation envelopes for semi-natural habitats as a whole 
(Á-NÉR), mesic deciduous woodlands (K), lowland pedunculate oak-hornbeam woodlands 
(K1a), sessile oak-hornbeam woodlands (K2), and beech woodlands (K5) in the landscape 
regions
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Table 2. Pairwise differencies between summarized precipitation density of semi-natural 
habitats (Á-NÉR), mesic deciduous woodlands (K), lowland pedunculate oak-hornbeam 
woodlands (K1a), sessile oak-hornbeam woodlands (K2) and beech woodlands (K5) in the 
landscape regions. Probability level is indicated at three levels as p<0.001, p<0.01, p<0.05, ns 
= no significance based on Kruskal-Wallis ANOVA. For further abbreviations see Material 
and Method.
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woodlands (K2, 676 mm) have the lowest, beech woodlands (K5, 689 mm) have the 
medium and pedunculate oak-hornbeam woodlands (K1a, 710 mm) have the highest 
values as well as by the quarterly variables [BIOCLIM 16 to 19]. Monthly mean pre-
cipitation and seasonality [BIOCLIM 13 to 15] are even less suitable for habitat differ-
entiation.

Comparing mesic woodland habitats by their precipitation envelopes and their thresh-
old values first and last, pedunculate oak-hornbeam woodlands show the lowest mini-
mum, highest maximum and widest range opposite to beech woodlands with their high-
est minimum, lowest maximum and narrowest range, sessile oak hornbeam woodlands 
are positioned between the two mesic woodland habitats by the yearly and quarterly 
indices. Types of these woodlands are definitely ordered by the range of precipitation 
variables in each, as pedunculate oak-hornbeam woodlands are the most multifarious, 
sessile oak hornbeam woodlands have a medium precipitation variability and beech 
woodlands are represented on the lowest level of variability.

Generally, there was a high level of superimposition between the summarized pre-
cipitation density of semi-natural habitats (Á-NÉR) and mesic deciduous woodlands (K) 
or habitat types (K1a, K2, K5) in each as it was verified by the lack of dissimilarity (see 
Fig. 1). More detailed differences in precipitation envelopes can be anticipated by the 
analysis of kernel densities as functional differentiation in climate surface and niche 
segregation of semi-natural habitats as a whole and each (Fig. 2). Results are introduced 
as ecological suitabilities or unconveniencies of semi-natural habitats (Á-NÉR) and 
precipitation traits of the habitats (K1a, K2, K5).

Number of peaks as the kernel function of precipitation can be characterized with one 
to five Gaussian distributions per variable. Climate envelope of semi-natural habitats as 
a whole (Á-NÉR) is supremely divided by five kernels on annual sum of precipitation 
[BIOCLIM 12] and precipitation of warmest quarter [BIOCLIM 18]. Average segrega-
tion of ecological niches by three kernels are detected on precipitation of driest month 
[BIOCLIM 14], precipitation of wettest [BIOCLIM 16] and coldest quarter [BIOCLIM 
19]. The least effective variable in density functions by two kernels is the precipitation 
of wettest month [BIOCLIM 13] and the seasonality [BIOCLIM 15]. Climate envelope 
of pedunculate oak-hornbeam woodlands (K1a) as a whole is divided into three kernels 
on annual sum of precipitation [BIOCLIM 12] and precipitation of wettest [BIOCLIM 
16] and warmest quarter [BIOCLIM 18] done into two kernels by the others [BIOCLIM 
13, 14, 15, 17, 19]. Climate envelope of sessile oak-hornbeam woodlands (K2) as a 
whole is divided into four kernels on annual sum of precipitation [BIOCLIM 12], it is 
done into three kernels on precipitation of warmest [BIOCLIM 18] and coldest quarter 
[BIOCLIM 19]. It is segragated into two kernels on precipitation of wettest [BIOCLIM 
13] and driest month [BIOCLIM 14], seasonality [BIOCLIM 15] and precipitation of 
wettest [BIOCLIM 16] and driest quarter [BIOCLIM 17]. There are three kernel density 
functions of variable in that an empty habitat kernel as a non-competitive precipitation 
niche for any mesic woodland is appeared at the lowest values, namely the precipitation 
of the driest month [BIOCLIM 14], the driest quarter [BIOCLIM 16] and the coldest 
quarter [BIOCLIM 19].
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Discussion

Previous analyses have resulted that precipitation variables could generally play a 
more significant role for mesic woody habitats distribution in the landscape region than 
temperature ones, but the exception of mean diurnal temperature range [BIOCLIM-2] 
for sessile oak hornbeam woodlands and mean temprerature of coldest quarter 
[BIOCLIM-11] for the beech woodlands (Salamon-albert et al. 2010a,b, 2011, 2012). 
Among the eight studied precipitation variables all of them turned to be distinctive for 
the beech woodlands distribution having significant difference to semi-natural habitats 
(Á-NÉR). According to annual precipitation [BIOCLIM-12], precipitation of wettest 
month [BIOCLIM-13] and precipitation of warmest quarter [BIOCLIM-18] beech 
woodlands are diverged from the totality of mesic deciduous woodlands (K) owing to 
their narrowest precipitation envelopes (see Fig. 3). A strong climate envelope differen-
tiation with the sessile oak hornbeam woodlands (K2) was investigated by the precipita-
tion of wettest month [BIOCLIM-13] only.

Evaluating climate preference of beech woodlands (K5) described by the precipitation 
envelopes, all of variables become relevant for differentiation to semi-natural habitats as 
a whole (Á-NÉR), owing to their narrow range. A strong separation with mesic decidu-
ous woodlands as a whole (K) was revealed by the annual precipitation and the precipi-
tation of wettest month as July. A strong and sharp differentiation with sessile oak 
hornbeam woodlands (K2) was detected by the precipitation of wettest month as July. 
Distinction of beech woodland habitats with pedunculate oak-hornbeam woodlands 
(K1a) was not established in any case of precipitation envelopes. Precipitation prefer-
ence of sessile oak hornbeam woodlands (K2) was exhibited by precipitation of wettest 
and warmest quarter, and of pedunculate oak hornbeam woodlands (K1a) was mani-
fested by precipitation of wettest quarter merely. As the result of climate envelope 
analysis, beech woodland habitats turned to have the most restricted distribution among 
studied mesic woody habitats by all of precipitation variables. Sessile and pedunculate 
oak-hornbeam woodlands are climatically defined in the landscape by the precipitation 
of July. Regarding to functional group analysis, annual sum [BIOCLIM-12] and pre-
cipitation of warmest quarter [BIOCLIM-18] turned to be the most effective for niche 
segregation of mesic deciduous woodlands as a whole and the woody habitats each. In 
contrast with the latter, niche aggregation of mesic woody habitats leading to unity of 
climate specification was highly supported by the precipitation of wettest month 
[BIOCLIM-13] and the seasonality [BIOCLIM-15].
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