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The effects of intensive logging on the capacity of karst dolines to provide potential microrefugia for cool-
adapted plants

ABSTRACT: Dolines are local depressions of karst surfaces. They can be considered potential microrefugia for
various species. We investigated the species composition and vegetation pattern of two medium-sized dolines in
Hungary before and 10 years after logging, and analysed how different species groups (oak forest species, beech
and ravine forest species and disturbance-tolerant species) were affected. The cover and number of oak forest
species and disturbance-tolerant species increased, while the cover and number of beech and ravine forest
species decreased within dolines due to logging. Therefore, their species composition and vegetation pattern
have changed substantially, and dolines have partially lost their capacity to act as safe havens for plant species
adapted to cooler conditions.
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Vpliv intenzivne senje na sposobnost kraskih vrta¢ na zagotavljanje potencialnih mikrozatocis¢ za
hladnoljubne rastline

POVZETEK: Vrtace so kraske kotanje na kraskem povrsju, ki lahko zagotavljajo mikrozatocisca razlicnim
vrstam. Proucili smo vrstno sestavo in razporeditev vegetacije v dveh srednje velikih vrtacah na Madzarskem
pred se¢njo gozda in deset let po njej ter analizirali vpliv se¢nje na razli¢ne skupine rastlinskih vrst (vrste v
hrastovih gozdov, vrste v bukovih gozdov in vrste v gozdovih plemenitih listavcev ter vrste, ki so odporne na
razli¢ne motnje). Pokrovnost in $tevilo vrst v hrastovih gozdovih ter vrst, odpornih na motnje se je povecalo,
pokrovnost in $tevilo vrst v bukovih gozdovih ter v gozdovih plemenitih listavcev pa se je zaradi senje lesa v
vrtacah zmanjsalo. Zato sta se mo¢no spremenili vrstna sestava in razporeditev vegetacije v teh gozdovih, vrtace

NS

pa so delno izgubile funkcijo varnih zato¢is¢ za hladnoljubne rastlinske vrste.

KLJUCNE BESEDE: biologija, geografija, podnebne spremembe, seénja, hladnoljubne rastline, kraski svet,
razporeditev vegetacije, Madzarska
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1 Introduction

Stable habitats buffered from climate changes are known as refugia (Ashcroft 2010; Keppel et al. 2012).
Microrefugia are small sites with locally favourable environmental conditions (e.g., microclimate and soil
moisture) amidst unfavourable regional environments (Rull 2009; Gentili et al. 2015). Therefore, they facilitate
the in situ persistence of species. Convergent environments (e.g., basins, ravines and valleys) may act as
microrefugia (Dobrowski 2010; Batori et al. 2014a), since their topographic complexity provides a diversity of
microclimates (Whiteman et al. 2004), allowing species to track suitable conditions with minimal movement. In
Europe, dolines (local depressions of karst surfaces) may also constitute microrefugia (Batori et al. 2009), as
cold-air pooling occurs within them and north-facing slopes receive less insolation than surrounding areas
(Barany-Kevei 1999). For instance, dolines in Central and Southeastern Europe are known to maintain relict
populations of boreal and high-mountain plant species (Ritter Beck von Mannagetta 1906; Horvat 1953; Kobal et
al. 2015). Therefore, they have the capacity to harbour many plant and animal taxa that are rare or absent in the
surrounding areas (Modri¢ Surina and Surina 2010; Kemencei et al. 2014; Raschmanova et al. 2015; Razicka et
al. 2016). This capacity depends on small- and large-scale environmental factors (Keppel et al. 2015), such as
macroclimate, depth/diameter ratio, slope aspect and vegetation cover (Batori et al. 2012; 2017). Although
dolines act as key habitats for various taxa, the effects of human activity on their species-holding capacity have
rarely been assessed and raise further questions.

Expansive economic growth and urbanization pose a serious threat to karst landforms (Breg Valjavec, Zorn and
Carni 2018). For instance, many dolines have been filled up with construction waste and rock debris in Slovenia
during the expansion of settlements and highway constructions (Breg 2007; Kovaci¢ and Ravbar 2013).
Consequently, the shape and depth of these dolines have changed markedly (Cernati¢-Gregori¢ and Zega 2010;
Breg Valjavec 2014; Breg Valjavec, Ribeiro and Carni 2017) and many of them have lost their capacity to act as
safe havens for biodiversity in changing climate. In Crete, road construction, overgrazing and nutrient addition
by sheep are the main threats to the endemic plant species of dolines (Egli 1991; Iatrot and Fournaraki 2006).
Human-induced changes in forest cover also have the potential to negatively influence the species diversity of
karst depressions (Barany-Kevei 2011).

Deforestation is a serious threat to the biological diversity of karst surfaces (Calo and Parise 2006). Species
respond to changes in light, nutrient, soil moisture and temperature individualistically (Stewart 2010), however,
when changes are strong and fast, functionally similar species may respond similarly (Birks and Ammann 2000).
Microhabitat changes induced by logging are especially pronounced in dolines (Lehmann 1970), where
environmental conditions vary considerably from slope to slope and from top to bottom (Whiteman et al. 2004;
Batori et al. 2011). Previous studies revealed that the diurnal fluctuations in temperature, humidity and wind
speed are less extreme in forested dolines than in non-forested ones (Lehmann 1970). To better understand the
impact of logging on the species-holding capacity of karst dolines, we need to document the changes in species
composition and vegetation pattern over time.

The western part of the Mecsek Mountains (Hungary) has typical karst landform features, such as dolines, with
funnel-shaped geometry and unique microclimate (Batori et al. 2011). Our previous studies showed that larger
dolines have the capacity to enable the persistence of cool-adapted plant species and diverse forest types that are
absent from the surrounding plateau (Batori et al. 2012; 2014a; 2014b; 2017). Intensive logging began about 10
years ago in this region, and mature forest cover has been reduced to approximately 30—40 percent of its original
extent in some dolines. In the present study, we investigated the changes in the species-holding capacity of karst
dolines induced by logging. Specifically, we studied the plant species composition and vegetation pattern in two
dolines in the Mecsek Mountains before and after logging, and compared the focal species groups to each other.

2 Methods

2.1 Study area

The study area is a limestone karst landscape of about 30 km?in the western part of the Mecsek Mountains
(Figure 1), located at an altitude between 250-500 m. The climate is continental with sub-Mediterranean
influences: moderately warm (mean annual temperature is 9.5 °C) and moderately humid (mean annual
precipitation is 740 mm) (Dovényi 2010). The number of dolines is about 2200 (Hoyk 1999). Beech and oak-



hornbeam forests cover the slopes of dolines and the major part of the plateaus between dolines, while ravine
forests cover the bottom of larger dolines (Batori et al. 2012).

2.2 Vegetation resurvey

Two medium-sized dolines were selected (doline 1: WGS 46.13359 N, 18.16589 E; doline 2: WGS 46.13131 N,
18.17164 E) with a funnel-shaped geometry. Dolines were about 70 m in diameter and about 14 m deep. Both
dolines were sampled before logging (about 110 years old forests, in 2007) and 10 years after logging (in 2017),
using the same method. The cover of mature trees within dolines has been reduced to approximately 30-40
percent of its original extent (Figure 1). Because the greatest differences in species composition were expected
between the north- and south-facing slopes (Batori et al. 2012), we established a transect with north-to-south
orientation across the dolines, traversing the deepest points. Transects began and ended on doline rims. Each
transect consisted of 1 m % 1 m plots spaced at 2-m intervals. We recorded the cover of all herbs, shrubs and tree
saplings in all plots. A total of 114 plots were surveyed. Nomenclature follows ‘The Plant List” (The plant list
2018).

2.3 Species grouping

We classified all plant species according to their habitat preference (Horvath et al. 1995). Three larger functional
groups (cf. Troiani et al. 2016) were established:

- ‘oak forest species’ (i.e. typical species of turkey oak—sessile oak forests and drier oak-hornbeam forests),

- ‘beech and ravine forest species’ and

- ‘disturbance-tolerant species’ (i.e. ruderals).

All three functional groups were analysed using both the cover and presence/absence data of species. Since
beech and ravine forest species are the best indicators of cool microhabitats in our study area, this functional
group was considered to be particularly relevant to detect changes in the species-holding capacity of dolines.

2.4 Data analyses

We used permutational multivariate analysis of variance (PERMANOVA) to test the effect of logging on plant
assemblages. We used the raw cover data of species for each sampling plot in the source matrices. We applied
the Bray—Curtis index, and performed 5,000 permutations. PERMANOVAs were calculated in R statistical
environment (R Core Team 2018) using the adonis function of the ‘vegan’ package (Oksanen et al. 2018). We
prepared non-metric multidimensional scaling (NMDS) ordinations (cover values and Bray—Curtis index) to
visually illustrate differences in vegetation pattern.

The diagnostic species of the dolines before and after logging were determined by calculating the phi ()
coefficient of association between species and habitat (Chytry et al. 2002). Species with & > 0.1 were considered
diagnostic. Non-diagnostic species were excluded with Fisher’s exact test (p < 0.05). Calculations were done
with the JUICE 7.0.25 program (Tichy 2002).

We used linear mixed-effect models (LMMs) with Gaussian error term for the comparison of the cover of
functional groups, and generalized linear mixed-effects models (GLMMSs) with Poisson error term for the
comparison of the species numbers of functional groups. All analyses were carried out in R (R Core Team 2018).
In the models, the management types (unlogged and logged) were included as fixed factors, the cover and
number of species as dependent variables, and the location (i.e. doline 1 and 2) as random factor. LMMs were
performed using the Ime function from the ‘nlme’ package (Pinheiro et al. 2018), while GLMMSs were performed
using the glmer function from the ‘lme4’ package (Bates, Maechler and Bolker 2013).
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Figure 1: Location of the study site (a) and studied dolines (b) in the Mecsek Mountains (Hungary). Dolines
were sampled before logging (c) and 10 years after logging (d). Red lines indicate the position of transects.
IMOLA BONI

3 Results

A total of 72 vascular plant species were recorded in the plots. Five diagnostic species (one oak forest species
and four beech and ravine forest species) were identified before logging and 15 (six oak forest species, three
beech and ravine forest species, and six disturbance-tolerant species) after logging (Table 1). NMDS ordinations
(stress factor: 0.24 and 0.22, respectively) showed that the compositional pattern of the vegetation changed
significantly (PERMANOVA: F = 6.8 and 7.8, respectively, p < 0.001) after logging (Figure 2).

The cover and number of oak forest species (e.g., common bugle (Ajuga reptans), fragrant hellebore (Helleborus
odorus) and butcher’s broom (Ruscus aculeatus)) and disturbance-tolerant species (e.g., deadly nightshade
(Atropa belladonna), American burnweed (Erechtites hieracifolia) and Japanese hedgeparsley (Torilis
japonica)) were higher after logging (p < 0.001 and p < 0.05, respectively), while the cover and number of beech
and ravine forest species (e.g., enchanter’s nightshade (Circaea lutetiana), common lungwort (Pulmonaria



officinalis) and spineless butcher’s broom (Ruscus hypoglossum)) were higher before logging (p < 0.001 and p =
0.06, respectively) (Figure 3).

Table 1: Diagnostic species of the dolines before and after logging (p < 0.05). Species are listed by decreasing
values of the phi (®) coefficient of association between species and habitat. Letters in parenthesis indicate
functional groups: (a) oak forest species, (b) beech and ravine forest species and (c) disturbance-tolerant species.

Before logging

Ivy — Hedera helix (a) 0.47
Yellow archangel — Lamium galeobdolon s.1. (b) 0.37
Wood speedwell — Veronica montana (b) 0.33
Woodruff — Galium odoratum (b) 0.28
Dog’s mercury — Mercurialis perennis (b) 0.28
After logging

Hairy blackberry — Rubus hirtus agg. (c) 0.42
Stinging nettle — Urtica dioica (c) 0.42
European hornbeam — Carpinus betulus (b) 0.35
Wood small-reed — Calamagrostis epigejos (c) 0.34
Wood sedge — Carex sylvatica (b) 0.27
Annual fleabane — Stenactis annua (c) 0.24
Hairy St Johns-wort — Hypericum hirsutum (c) 0.23
Turkey oak — Quercus cerris () 0.23
Lady fern — Athyrium filix-femina (b) 021
Wall lettuce — Lactuca muralis () 021
Goat willow — Salix caprea (c) 021
Silver linden — Tilia tomentosa (a) 0.21
Germander speedwell — Veronica chamaedrys (a) 021
Wood melick — Melica uniflora (a) 0.20
Sessile oak — Quercus petraea (a) 0.19
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Figure 2: Non-metric multidimensional scaling (NMDS) ordination (cover values and Bray—Curtis index)
diagrams of doline 1 (a) and doline 2 (b) before and after logging (stress factor: 0.24 and 0.22, respectively).
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Figure 3: Cover and species number of the different functional groups (a: oak forest species; b: beech and ravine
forest species and c: disturbance-tolerant species) in the dolines of the Mecsek Mountains (Hungary) before
(white boxes) and after (green boxes) logging. Significant differences are indicated by asterisks (*p < 0.05; ***p
< 0.001).

4 Discussion

Karst depressions provide suitable microhabitats for a variety of species, but human-activity may influence their
species-holding capacity. To our knowledge, this is the first study to report evidence of a decrease in species-
holding capacity within forested dolines confirmed with repeated sampling. We have shown that 10 years after
logging (3040 percent of the original forests remained intact) the vegetation pattern and species composition
changed substantially within dolines, and they have partially lost their capacity to act as safe havens for a
number of plant species adapted to cooler conditions.

As previous studies have shown, cool and humid dolines in Eurasia have the capacity to support animal and plant
populations outside their main distribution ranges (Raschmanova et al. 2015; Batori et al. 2017; Su et al. 2017),
and microclimate is a significant predictor of the species diversity within them (Rdzicka et al. 2016). Although
microclimatic differences between the slopes of forested dolines are less pronounced (Batori et al. 2011; 2014b),
dolines in the Mecsek Mountains introduce great variation in species composition and many plant species can be
found within them that are rare or totally absent from the surrounding karst plateaus (Batori et al. 2012).



In general, changes in vegetation cover should affect the surface albedo (i.e. the amount of reflected solar
radiation), wind pattern, soil hydrology, soil nutrient content, near-surface temperature and humidity, which in
turn, should affect the vegetation (Saikh, Varadachari and Ghosh 1998; Guariguata and Ostertag 2001; Berbet
and Costa 2003; Luki¢ et al. 2017; Stanc¢i¢ and Repe 2018). Our results show that intensive logging can cause
significant changes in local species abundance and composition, and has a negative effect on the species-holding
capacity of dolines (Figures. 2 and 3). Dolines contained fewer beech and ravine forest species (e.g., narrow
buckler-fern (Dryopteris carthusiana), herb Paris (Paris quadrifolia) and wood speedwell (Veronica montana))
10 years after logging, and their cover was much lower than before logging. In contrast, the number and cover of
oak forest (e.g., field maple (Acer campestre), wood melick (Melica uniflora) and white violet (Viola alba)) and
disturbance-tolerant species (e.g., wood small-reed (Calamagrostis epigejos), hairy blackberry (Rubus hirtus
agg.) and stinging nettle (Urtica dioica)) increased significantly due to logging. The increase in the number and
cover of oak forest species likely resulted from a decrease in albedo and a corresponding increase in absorbed
solar radiation, while greater post-disturbance light and nutrient availability, changes in species interactions
(such as competition) could increase the number and cover of disturbance-tolerant species. Since different
species may recover at different rates during forest regeneration (Dunn 2004), it is unclear how species
composition will change in these doline microrefugia in the future.

Extreme heat events are increasing in frequency in Central Europe, and will continue to do so throughout the
next few decades (Bartholy et al. 2008). Climate warming affects the local abundance, phenology and
distribution of species and alters the interactions between populations (Hegland et al. 2009). The distributions of
many plant species in Europe are likely to shift upwards (GeBler et al. 2007; Cztcz, Galhidy and Matyas 2011,
Hlasny et al. 2011), or species can persist in environmentally stable habitats (Willis, Rudner and Stimegi 2000;
McLaughlin et al. 2017), such as dolines (Batori et al. 2017). A number of studies indicate that forest cover has
the potential to mitigate climate warming at local scales and to maintain suitable microclimate, enhancing
species persistence (Frey et al. 2016; Keppel et al. 2017). The combined effects of forest cover and topographic
complexity may contribute to the long-term persistence of forest species adapted to cooler conditions (beech and
ravine forest species) (Figure 3) in the karst region of the Mecsek Mountains, provided that the current
management intensity decreases. If this management practice continues, the species-holding capacity of these
dolines would further decrease, and many currently widespread plant species may become rare or extinct during
forest regeneration in a warming climate.

5 Conclusion

We conclude that intensive logging poses a serious threat on the species-holding capacity of karst depressions.
To meet the demands of preservation of cool-adapted species in dolines, it would be necessary to establish more
forest reserves on the karst surfaces where no forestry takes place. Alternatively, the maintenance of continuous
forest cover in at least larger dolines and their surroundings would be indispensable to facilitate the
recolonization or the in situ persistence of cool-adapted species under global warming.
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