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Abstract. Little is known about the vascular plant flora that grows on dead wood or about the ecological
conditions of its development. We focused on montane beech forests in the Sudeten Mts. in southern
Poland and chose Fagus sylvatica. The studies were conducted in the years 2003-2006 between 460 and
890 m a.s.l. Among others, the following parameters of dead logs were recorded: the type of forest
community, the status of protection (protected vs. managed), altitude, shade, the humidity of the log, the
area of the log [m?] and the degree of the decomposition class. In total, 165 dead logs were analyzed. In
total, 25 wvascular plant species were encountered. Oxalis acetosella, Impatiens parviflora and
Calamagrostis arundinacea were the most frequently found. The species composition of the colonized
fallen logs differed significantly between the two forest communities in terms of DCA plot scores and
also between the managed vs. protected forests. Canonical Constrained Analysis (CCA) revealed that
decomposition degree, altitude and shade are significant factors among the five environmental variables
that were studied. The study showed that the mean decomposition degree of beech logs as well as the
cover of vascular plants overgrowing the logs was higher in the managed forests.
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Introduction

One of the features of natural and primeval forests is the amount of decaying dead
wood. If dead wood is present in a semi-natural and managed forest, it can permit the
maintenance of forest ecosystems that function properly. In Poland, the amount of dead
wood is small, even in forest reserves (Pasierbek et al. 2007). Generally, in European
montane regions, the percentage of dead wood is higher than in submontane regions and
lowlands. On average, fallen dead wood contributes more to the total dead wood
volume than standing dead wood, especially in beech forests (Christensen et al. 2005).
Dead wood is important because it forms refuges for many living organisms, such as
fungi, lichens, liverworts, mosses, invertebrates and vertebrates including amphibians,
birds and small mammals (Odor and van Hees 2004; Jonsson et al. 2005; Caruso et al.
2008; Ols et al. 2013). Vascular plants also inhabit dead wood; however, their habitats
are mainly on the forest floor, i.e. mineral soils. Little is known about dead wood
vascular plant flora and the ecological conditions of its development and its structure.
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Hopefully, this study will fill this gap to some extent. We focused on montane forests in
the Karkonosze Mts. within Sudeten Mts range in southern Poland and chose one tree
species — beech Fagus sylvatica. Due to intensive management and the exploitation of
the temperate and boreal forests in Europe in the past, dead wood was relatively scarce
or entirely absent over prolonged periods (Christensen et al. 2005). In the European
beech forest zone, the degree of decomposition in available coarse dead wood is not
known with certainty, but it is estimated to be comparable to the degree found in
Fennoscandia which was estimated at 90-98% (Christensen et al. 2005; Odor et al.
2006). Generally, in the mountain region of Central Europe, human activity is
weakened; therefore, remnants of semi-natural beech stands are more widespread and
less disturbed than in the Atlantic lowlands of north-western Europe (Peterken 1996;
Standovar and Kenderes 2003; Odor et al. 2006). As a result, it can be expected that the
flora that colonize the dead wood of Fagus sylvatica would be richer and more natural
than in beechwoods located in lowlands.

The main goal was to examine whether dead wood serve as a important habitat for
some vascular plants. The particular objectives of this study were to characterize the
species composition of the vascular plant flora that colonize dead logs, to examine how
the degree of decomposition, humidity and size of dead logs can impact the inhabiting
plants as well as to check whether there are any differences between forest
communities.

Material and methods

The studies were conducted in the years 2003-2006 in the area of the Karkonosze
National Park (KNP) and its surroundings, in patches of the beech forests Dentario
enneaphylli-Fagetum and Luzulo luzuloidis-Fagetum and a managed fir forest Picea
abies between 460 and 890 m a.s.. The Karkonosze Mt. range forms the border
between Poland and the Czech Republic. It lies within the range of the Sudeten Mts.
whose highest peak is Sniezka (1602 m a.s.l.) This area is characterized by a severe
high mountainous climate (Fig. /). The montane vegetation is distributed along an
altitude gradient: foothills (up to 500 m a.s.l.), lower forest montane zone (500-1000 m),
upper forest montane zone (1000-1250 m), subalpine zone (1250-1450 m) and alpine
zone (1450-1602 m). Because of human interference, profound changes have taken
place. Anthropogenic Norway spruce tree stands have replaced the natural vegetation,
which occur only fragmentarily nowadays. Norway spruce trees were introduced by
foresters using seeds originating from the Alp Mts. Therefore, spruce mono-cultures
were weakly resistant to both local biotic and abiotic conditions. Moreover, air pollution
(sulphur dioxide, NOx and dusts, acid rains, etc.), which took place in the years 1960-
1980, caused damage to the spruce leaves. As a consequence, the weakened trees of
Picea abies were more vulnerable to fungi infections (Fabiszewski and Wojtun1994;
Stachurski et al. 1994). At present, spruce-cultures are in the decline in the Sudeten Mts.
(Jadczyk 2009). For these reasons, forests in the Sudeten Mts. are rich in the dead wood
of Picea abies. Because of the die-back of spruce, forest management practices are
currently aimed at the reconstruction of tree stands. Therefore, beech Fagus sylvatica is
being planted. In contradistinction to Norway spruce, the condition of beech trees is
much better; however, it is less distributed than Norway spruce. Beech tree stands are
mainly situated in the northern part of the KNP and in two enclaves of the KNP near
Szklarska-Poreba and Jelenia Gora. Other trees stands of Fagus sylvatica are situated in
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the vicinity of the KNP near Kowary (Fig. 7). Almost all of the beechwoods were
investigated in the study area. Amongst the various forms of dead wood, we chose
selected forms of coarse dead wood, i.e. dead logs. Fine coarse dead wood and snags,
stumps and tree fall disturbances were not taken into account in this study. All of the
dead logs that were found were inventoried and analyzed in terms of selected biometric
and habitat features. The following parameters of dead logs were recorded: GPS
coordinates, the type of forest community, the status of protection (protected vs.
managed), altitude, light availability (shading) in 5 degree scale (1 — full light, 5 — deep
shade), the humidity of the log (1 — dry, 2 — intermediate, 3 — humid), the length of the
log [m], upper diameter [cm], lower diameter [cm], the area of the log [m’] and the class
of decomposition (stage of decay). The area of the log was calculated using the formula
for a truncated cone (Zielonka and Pigtek 2004). The criterion of division into eight
decomposition classes, which was originally used by McCullogh (1948) and with
modifications by Dynesius and Johnsson (1991) and Holeksa (2001), was adapted after
Zielonka and Piatek (2004). The percentage cover of vascular plants and the cover data
of particular vascular plant species were noted. Moreover, total cover of moss species
was recorded. The frequency of colonized dead logs vs. non-colonized dead logs in
relation to the status protection of the forest was analyzed using the chi-squared test.
The Spearman rank correlation test was used to examine the relationships between the
analyzed variables. Because multiple tests were used, both the Holm adjusted p-values
and in some cases p-values without correction were used following the
recommendations by Moran (2003). The mean cover of vascular plant layer and the
mean decomposition degree between the two phytocoenoses, Luzulo luzuloidis-Fagetum
and Dentario enneaphylli-Fagetum, as well as between the managed and protected
forests were compared using the Wilcoxon sum rank test. Detrended Correspondence
Analysis (DCA) was used to study the variation of species turnover between the types
of forest. The similarities of vegetation between the types of forest were compared by
comparing the means of the coordinates of the plots along the two first axes of the
DCA. The comparison of mean values permitted the identification of any significant
differences in species composition between the groups of logs. The classification of
indicator species for vegetation of groups of logs in particular forest communities was
performed using the indicator value, i.e., the IndVal method (Caceres et al. 2010).
Constrained Correspondence Analysis (CCA) was used to analyze any differentiation of
the species that colonize dead wood and the five selected environmental factors were
used as the constrained variables. Strongly correlated variables with a high inflation
factor were excluded from the analysis. The full model with 999 permutations of the
Monte Carlo test was applied. All data analyses and calculations were done with R 2.15
software (R Core Team 2012).

Results

In total, 165 dead beech logs were analyzed including 128 in Luzulo luzuloidis-
Fagetum, 27 in Dentario enneaphylli-Fagetum and 10 in the Picea abies community.
When the presence/absence of plants encountered between the two former forest
communities were compared, there was no significant difference (Fig. 2). Colonized
dead logs in Luzulo luzuloidis-Fagetum and Dentario enneaphylli-Fagetum constituted
42.2% and 48.1%, respectively. Of the total 25 vascular plant species, 14 vascular plant
species were found in Dentario enneaphylli-Fagetum and 19 in Luzulo luzuloidis-
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Fagetum. The species composition of colonized fallen logs differs significantly between
the two forest communities in terms of the mean values of the coordinates of the logs
along the second DCA axis (W = 170.5, p<0.01) and between the managed vs. protected
forests along both axes (W = 249, p<0.01, W =202, p< 0.01)(Fig 3).
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Figure 1. Distribution of the investigated logs of Fagus sylvatica and the climatic conditions of
the study area.
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Figure 2. Comparison of the presence/absence of plants on dead logs between the two types of
forest community. LF — Luzulo luzuloidis-Fagetum, DF — Dentario enneaphylli-Fagetum.
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Figure 3. The ordination of the fallen logs of Fagus sylvatica along the two first DCA axes (A1
=0.803, 22 = 0.635) based on the cover of colonizing vascular plant species in relation to the
type of forest community and the protection status of the forests. LF — Luzulo luzuloidis-
Fagetum, DF — Dentario enneaphylli-Fagetum PA - Picea abies community.

Based on IndVal method two plants Picea abies (seedlings) and Dryopteris
carthusiana are significantly indicator species for Luzulo luzuloidis-Fagetum scoring
IndVal=0.517, p= 0.008 and 0.411, p=0.028 respectively. For two communities
combined Dentario enneaphylli-Fagetum and Luzulo luzuloidis-Fagetum beech Fagus
sylvatica as seedling is significant indicator (IndVal=0.465, p=0.043).

Canonical Constrained Analysis (CCA) revealed that, among the environmental
factors, the degree of decomposition, altitude and shade were significant factors
accounting for p = 0.001, p = 0.001 and p = 0.029, respectively (Fig. 4). These three
variables are arranged along the first axis of CCA. The most frequent species are Oxalis
acetosella and Impatiens parviflora (Table 1). Species such as Vaccinium myrtillus,
Convallaria majalis, Picea abies (seedlings), Urtica dioica and Luzula luzuloides are
mainly associated with higher altitudes. Other species such as Fagus sylvatica
(seedlings), Oxalis acetosella and Phegopteris connectilis are equally sensitive to the
degree of decomposition, shading and altitude. Some species including Acer
pseudoplatanus (seedlings), Dryopteris sp., Galeobdolon luteum or Poa nemoralis are
confined to dead logs with a higher humidity; however, humidity was a non-significant
factor in relation to species composition in general (Fig. 4).

The total cover of vascular plants was negatively correlated with altitude but
positively with the degree of decomposition and humidity, as well as with the area of
dead log coverage. Species richness was negatively correlated with altitude and
positively correlated with the degree of the decomposition of dead logs. The number of
species also increased significantly with an increasing area of dead log coverage.
Vascular plants increase, in terms of their total cover and species richness, along with
the increase of moss cover (7able 2).
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Figure 4. Biplot of plant species that colonize the dead logs of Fagus sylvatica along the two
first axes of Constrained Correspondence Analysis (CCA)(AI = 0.58, A2 = 0.27). The diagram
accounts for 10.6% and 66.8% of the variance of species cover data and species-environment
relation, respectively. Only the degree of decomposition, altitude and shade are significant
environmental factors. Abbreviations: Dryo sp — Dryopteris sp, Acerpseu — Acer
pseudoplatanus, Calaarun — Calamagrostis arundinacea, Galelute — Galeobdolon lueum,
Prenpurp — Prenanthes purpurea, Poanemo — Poa nemoralis, Dryocart — Dryopteris
carthusiana, Oxalacet — Oxalis acetosella, Galeopube — Galeopsis pubescens, Rubuideu —
Rubus idaeus, Impaparv — Impatiens parviflora, Descflex — Deschampsia flexuosa, Sorbaucu —
Sorbus aucuparia, Fagusylv — Fagus sylvatica, Urtidioi — Urtica dioica, Piceabie — Picea abies,
Luzuluzu — Luzula luzuloides, Convmaja — Convallaria majalis, Senenemo — Senecio
nemorensis, Vaccmyrt — Vaccinium myrtillus, Phegconn — Phegopteris connectilis.

The cover of vascular plants on decaying logs and the degree of decomposition did
not differ significantly between the types of forest community. However, the status of
protected forests did have an effect. In managed forests, independent of the type of
community cover of plants, overgrown laying logs and the mean degree of
decomposition were significantly higher (Fig. 5).
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Table 1. The number of occurrences of vascular plant species that colonize the fallen logs of
Fagus sylvatica in Sudeten Mts

Luzulo Dentario . .
luzuloidis-  enneaphylli- Picea abz'es
Species Fagetum Fagetum community
Acer pseudoplatanus 2 0 0
Alliaria petiolata 0 1 0
Calamagrostis arundinacea 12 1 0
Convallaria majalis 1 0 0
Deschampsia flexuosa 4 0 0
Dryopteris carthusiana 4 0 2
Dryopteris sp. 1 0 0
Fagus sylvatica 10 9 1
Galeopsis pubescens 1 0 0
Hedera helix 0 1 0
Impatiens parviflora 15 7 0
Lamiastrum galeobdolon 1 0 0
Luzula luzuloides 2 0 0
Mercurialis perennis 0 1 0
Mycelis muralis 0 1 0
Oxalis acetosella 30 3 4
Phegopteris connectilis 0 1 0
Picea abies 15 2 4
Poa nemoralis 0 1 0
Polygonatum verticillatum 1 0 0
Prenanthes purpurea 2 0 0
Rubus ideus 2 0 0
Senecio nemorensis 3 2 0
Sorbus aucuparia 1 1 1
Urtica dioica 0 1 0
Vaccinium myrtillus 6 0 3
Total 113 32 15

Table 2. Intercorrelations (Spearman rank correlation) between the parameters associated
with dead logs of Fagus sylvatica and the species that inhabit them

Mosses Vascular ~ Decomposition

Altitude cover  plants cover degree Humidity Shadow Area
Mosses cover -0.35"
Vascular plants 023 051
cover
Decomposition ns 0414 0274
degree
Humidity ns 0.23° 0.19! 0.34*
Shadow ns ns ns 0.29* 0.18!
Area of log ns ns 0.21' -0.32* ns ns

Speciesrichness g 191 g 484 .95* 0.25° ns ns  0.22'
of vascular plants

1-p<0.05 without Holm’s adjusted p-values, Holm’s adjusted p-values: 2-p<0.05, 3-p<0.01, 4-p<0.001
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Figure 5. Comparison of the cover of vascular plant species and the degree of decomposition
between the types of forest community LF Luzulo luzuloidis-Fagetum, DF Dentario enneaphylli-
Fagetum and between managed and protected forests.
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Discussion

Vascular plant species in contradistinction to epixylic species such as lichens, mosses
and liverworts are “true” colonizers of dead wood. These plants colonize dead wood
from substrate as bare soil or litter in the course of dead wood decomposition. They are
usually not encountered on living trees in temperate regions, whereas cryptogamous
plants and mosses can be found on the bark of living trees very frequently. Thus, lichens
and bryophytes growing on dead wood are most frequently relics of epiphytic flora, but
only in some stages of decay. In the literature, there is almost no information about the
species richness and species composition of vascular plant taxa that inhabit the dead
wood of Fagus sylvatica.

The exception is a study by Chmura (2008), who found 12 vascular plant species on
29 decaying logs in a much smaller area in one nature reserve in lowlands in the
Dentario glandulosae-Fagetum community. However, such data is available for
cryptogams. Zarnowiec and Staniaszek-Kik (2009) found 19 lichens, 3 liverworts and
19 mosses on dead logs of beech in a Dentario enneaphylli-Fagetum community in the
same region. The number of species of vascular plant flora in this study was slightly
lower — 14. Other deciduous trees whose fallen logs were studied in terms of the species
composition of colonizing flora had a similar species richness of the 26 vascular plant
species found on the logs of all of the tree species studied including pine Pinus
sylvestris: birch Betula pendula and aspen Populus tremula (16), hornbeam Carpinus
betulus (12) and oaks Quercus sp. (22) (Nowinska et al. 2009).

On decaying logs of the spruce Picea abies in a subalpine forest Plagiothecio-
Piceetum in the Tatra Mountains, the species richness of vascular plants was higher
when compared to this study (20); however, a larger number of logs were observed
(Zielonka and Pigtek 2004). Similar species richness (23) on spruce logs was found by
Kushnevskaya et al. (2007) in the late-successional boreal forests of north-western
Russia. In contrast, in the Primeval Bialowieza Forest, 108 species were observed on
the wood and 138 on the bark of the laying logs of 303 vascular plant species that were
reported from six forest communities growing on different substrates (Chlebicki et al.
1996). Zielonka and Pigtek (2004), Chmura (2008) and Nowinska et al. (2009)
demonstrated that, with a more advanced decomposition stage, the number of species
increases; this was confirmed by our observations. In addition, a positive relationship
was also found for the total cover of all plants (Table 2).

The previous authors claim that the 6" stage has the most suitable conditions for
vascular plants. With an increasing coverage area of logs, the number and cover of
vascular plant species increases; however, this is a weak correlation (7able 2). It is
interesting that such a positive relationship was found for the coverage area of log and
the degree of decomposition. In the first case, it is a well-known phenomenon called the
species-area relationship (Rosenzweig 1995), which is also true for small objects in the
microscale.

The total number of individuals increases with area, leading to an increased
probability of encountering more species within larger areas (Scheiner et al. 2000).
Moreover, the larger logs are likely to be more heterogeneous as to types of microsites.
Those which can be found on logs are: bark, wood at different decomposition stages,
moss mats, cracks in stems filled with mineral soil or humus (Nowinska et al. 2009).
The pattern that was observed is in contrast to the colonization of Picea abies logs in
the Tatra Mts, where thick logs had a lower cover of herbs than thin logs. Medium logs
were mostly covered by herbaceous plants (Zielonka and Pigtek 2004). The second case
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is more intriguing. Perhaps it is a coincidence or it may be connected with the age of the
trees and the time that had passed since their fall which enabled colonization.

We found that the degree of decomposition increases when light availability is lower.
This may be associated with other findings, i.e. a positive correlation between shade and
humidity. Moisture enhances the process of decomposition, but light can lead to an
increase in temperature and the drying out of the bark and wood of decaying logs.
Generally, moisture is believed to increase significantly during wood decay (Biitler et
al. 2007). Vascular plants responded similarly as mosses what was manifested by
positive correlation (7able 2). Mosses are known to keep humidity what explain why
vascular plant are associated with them on decaying logs.

In this study, both species richness and the cover of vascular plants decreased with
increasing altitude. Two species were found to be frequent colonizers: Oxalis acetosella
and Impatiens parviflora. The former is a native plant with a rather wide synecological
amplitude. In contradistinction to the latter, it seems to be more confined to the dead
wood of Pinus sylvestris (Nowinska et al. 2009) than to deciduous trees. Furthermore,
as the study by Zielonka and Piatek (2004) showed, this species had a positive response
to the degree of decomposition of Pinus sylvestris logs. In the case of beech, the species
was frequent enough that no environmental factors influenced its behavior (Fig. 4). Its
common or even massive presence in the Sudeten Mts. is caused by the encroachment
of many lowland species into afforested areas due to the decline of Norway spruce
stands. Oxalis acetosella was one of the few species that did not disappear because of
spruce regeneration. Its further spread into other types of woods was possible owing to
its wide ecological tolerance (Jadczyk 2009). Small balsam Impatiens parviflora is one
of the most invasive alien neophytes in Polish and European flora (Tokarska-Guzik
2005; Hejda 2012) and has successfully penetrated natural forest communities including
nature reserves (Chmura and Gucwa-Przepidra 2012; Schmidt 2012). Previously, it was
reported as the most common colonizing species on beech dead wood (Chmura 2008)
and hornbeam Carpinus betulus, pine Pinus sylvestris (Piskorz and Klimko 2001) and
oaks (Quercus sp)(Nowinska et al. 2009). Amongst the almost 1,600 various structural
elements of dead wood (logs, snags, stumps, tree-fall disturbances) of Fagus sylvatica
and Picea abies in the Sudeten Mts., Staniaszek-Kik and Zarnowiec (2012) found the
species on 44 elements, mainly on the logs and stumps of Fagus sylvatica. The present
detailed study demonstrated that Impatiens parviflora does not show any species
preferences for significant environmental factors, such as shading, altitude and the
degree of decomposition. Vaccinium myrtillus or Luzula luzuloides are associated with a
higher altitude, especially the former, and occur more frequently in subalpine spruce
forests. Analyzing most frequent, indicator species for particular plant communities
where decaying logs were studied it can be inferred that there are no exclusively
vascular plants inhabiting dead wood. All of them are common forest floor species both
herbaceous and seedlings of trees. One of them, indicated in the study, is Picea abies
which commonly is reported to regenerate on dead wood (Holeksa 2001) or Fagus
sylvatica which obviously is common in beechwoods. In disturbed forest i.e. Picea
abies community no significant indicator plant species were noted. The data that
showed a higher mean decomposition stage and a higher mean cover of vascular plants
on logs in managed forests than protected ones could be a result of forest management
practices and the disturbances that are associated with them. The quantities of dead
wood are normally much lower in managed forests than in unmanaged old-growth
forests (Odor and Standovar 2001). However, forest management treatments can lead to
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a more abundant presence of dead wood because of artificial tree stand thinning and the
abandonment of logs. As a consequence, according to the intermediate disturbance
hypothesis, species richness and species diversity is higher (Wilkison 1999). The results
suggest that a greater number of disturbances favors the development of vascular plants
on decaying logs (Fig. 3). Unknown role of plants in acceleration of decomposition of
dead wood due to mechanical action of roots should be further studied in the future.
Perhaps vascular plants enhances to nutrient cycling of dead wood in forest ecosystems.

To sum up, it can be concluded that the species diversity of vascular flora that
colonize the logs of Fagus sylvatica does not differ significantly on floras inhabiting the
dead wood of other deciduous trees and even conifers. It is rather species-poor, with a
single common species. Contrary to epiphytic and epixylic mosses and lichens vascular
plants present on decaying logs are common species, thus dead wood does not
contribute to species richness and diversity of this group of taxa.

Acknowledgements. Authors thank Michelle Simmons for improving language of the manuscript.
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Abstract. Biological degradation of phenolic compounds by a mixed bacterial culture was investigated.
Pseudomonas aeruginosa and Bacillus subtilis were the two strains used in the study. pH and the
temperature for the growth of bacteria was found to be 7+0.2 and 3742°C, respectively. The mixed
microbial culture was able to degrade 250 mgl™ of phenol and wattle completely within 36 and 48 hours,
respectively. The growth kinetics of the mixed culture was also investigated over a wide range of initial
concentrations of phenol and wattle by using Haldane’s model. The Haldane growth kinetic model
adequately described the degradation of phenolic compounds by the mixed microbial culture. Both phenol
and wattle were found to inhibitory compounds. The decay coefficient for the growth of microbial culture
on phenol and wattle was found to be 0.0069 and 0.0082 h™', respectively.

Keywords: phenol, wattle, synergism, biodegradation, growth kinetics

Introduction

Due to their widespread use and subsequent introduction into the environment,
phenolic compounds have been included to the list of pollutants by the environmental
protection agencies. When discharged, phenolic wastes impart a carbolic odour to the
river and are toxic to aquatic animals (Dean-Ross, 1995). The toxicity of phenol and
phenolic compounds often result in the reduction of bio-treatment efficiency of
wastewaters even at relatively low concentrations (Ahmed, 2001). Although physio-
chemical methods have been employed for removal of phenol and its derivatives,
biological methods are preferred as the former is costly and often produce other
undesirable products which are toxic, requiring further processing steps.

Treatment of phenolic wastes can be done using microbes or chemicals or by
physical means. Bacteria play a major role in the degradation of phenol in soil, sediment
and water. Using bacteria to digest waste and environmentally harmful compounds has
several advantages over conventional treatment systems (Ojumu, 2005). The cost of
remediation is less than that for conventional treatments. The diversity of microbes
available makes the treatment of a wide variety of waste possible. Bacterial degradation
of compounds is usually complete under appropriate conditions; toxic compounds are
often completely converted into harmless compounds. Benzoate, catechol, cis-cis-
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muconate, B-ketoadipate, succinate and acetate have all been identified as intermediates
in the biodegradation of phenol (Baradarajan, 1995).

For the cleanup to be achieved within a reasonable time frame without the threat of
persistent, undesirable by-products, the entire system must be optimized. The need for
optimization stems from the fact that the effect of microbes acting together is even
better than their individual effects. This phenomenon is termed as ‘synergism’ (Zache,
1988). Biological degradation of organic substrates using pure microbial cultures
occasionally produce toxic intermediates, which can be overcome by the use of mixed
cultures that have a wider spectrum of metabolic properties.

In order to describe the substrate biodegradation, it is essential to evaluate the
relationship between the specific growth rate and the initial substrate concentration. The
bacteria behave differently when exposed to different initial substrate concentration and
other experimental conditions. Hence, knowledge on both the rate and the extent of
degradation is essential for improvements in the process control and phenol removal
efficiency. In the present study, the biodegradation of phenolic compounds in the mixed
microbial consortia containing P. aeruginosa and B. subtilis has been demonstrated and
the bio-kinetic parameters have been evaluated.

Materials and methods

Spray dried wattle extract of commercial grade was used. All other chemicals used
were of analytical and biological grade.

Source of bacteria

The Pseudomonas bacteria were isolated from the soil near the wastewater treatment
plant at the premises of Central Leather Research Institute, Chennai, India. The Bacillus
subtilis strain was obtained from the Microbiology Laboratory, Central Leather
Research Institute, Chennai, India.

Estimation of phenol

Modified Folin—Ciocalteu’s method (Clesceri, 1998) was employed for the
estimation of phenol. Phenol solution of various concentrations was prepared by adding
known volumes of phenol from the stock to the media. 1 ml of phenol solution of
various concentrations was added to the labeled test tubes to which, 0.5 ml of media
was serially added followed by 3.5 ml of sodium carbonate and 5 ml of de-ionized
water. Finally 1 ml of 1 N Folins Ciocalteu reagent was added and the absorbance was
measured after a period of 25 minutes. Absorbance was measured at 760 nm in a 35
Lambda UV-visible spectrophotometer. A standard graph was plotted using the
absorbance values obtained against corresponding concentrations of phenol. The blank
used had the same composition of reagents except that 1 ml of phenol solution added
was replaced by 1 ml of water.

Isolation of the microbe

The isolation of microbes was carried out by inoculating the microbes from the
nutrient broth into the selective medium using a sterile inoculation loop in a laminar
airflow chamber. The selective medium favors the growth of only a particular microbe
and inhibits the growth of others. For the isolation of Pseudomonas sp. Pseudomonas
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selective medium procured from Qualigens Fine Chemicals was employed. The medium
after sterilization was poured in the petri plates or test tubes and left for solidification.
After solidification of the medium, the bacterial samples were inoculated in the petri
plates or test tubes.

Identification of species

The bacterial species identified were subjected to biochemical analysis in order to
ascertain the genus of the species. Various biochemical tests like catalase test, citrate
utilization test, starch hydrolysis, methyl red test, Voges Proskauer test were carried out
as per standard procedures (Cappuccino, 1996). The optimum growth conditions like pH
and temperature were also determined.

Effect of pH

pH of the medium is a very important factor, which influences the growth of
microorganisms. The inoculation medium was prepared by adjusting it to required pH
values (4 to 11) by employing either 0.1 N NaOH or 0.1 N HCIl. Optical density
(OD4oonm) of the inoculated medium was measured at 0™ hour soon after the inoculation
of microbe and was again measured after 24 hours to estimate the growth of microbes at
respective pH’s.

Synergistic degradation of phenol and wattle by P. aeruginosa and B. Subtilis

B. subtilis and P. aeruginosa were used as mixed culture in the degradation of phenol
and wattle. The use of selective media was not recommended in this operation because
the chemical present in one selective medium may inhibit the action of the other
microorganism. Hence nutrient broth was used for the purpose of mixed degradation.
Hence, extreme care was taken during inoculation and incubation as risk of using
nutrient broth is very large. To the nutrient broth, loop full of P. aeruginosa and B.
subtilis were inoculated and incubated at 37+1 °C in an incubator shaker. Once an initial
ODyoo of 0.8+0.2 was attained, known quantity of phenol and wattle from the stock
solution was added to nutrient broth and made up to known volume, respectively and
kept in an incubator shaker. The OD4op was monitored at regular intervals to monitor the
growth of microbes. The change in substrate concentrations with time was also
estimated by modified Folin’s method. The growth as well as the change in the
concentration of phenol was monitored using Lambda 35 UV-Vis spectrophotometer.
The substrates concentration in the medium was calculated from the standard graph for
the particular substrate.

Results and Discussions
Growth of microbes in the selective medium

The nutrient broth prepared and inoculated with the microbes showed immense
turbidity after 24 hours of incubation. The microbial samples from the nutrient broth
were grown in a Pseudomonas selective medium. In order to cultivate the individual
species of Pseudomonas, the consortia were inoculated in 4 different selective media (P.
aeruginosa, P. putida, P. cepacia, P. fluroscens). The abundant growth was observed in
the P. aeruginosa selective medium. This proves P. aeruginosa is the dominant species
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present in the soil. All the other microbes were either completely absent or must be
present in trace quantities.
Biochemical characterization

Biochemical characterization has been carried out in order to ensure the presence of
the microbe of our interest. The results for the biochemical characterization of the
bacterial species are shown in (7able ). The formation of effervescence has been
observed in the test tube inoculated with P. aeruginosa and B. subtilis, which indicates
a catalase activity. Simmons citrate test has been positive in case of Pseudomonas and
B. subtilis (appearance of blue color). Pseudomonas answered negative starch test,
where as B. subtilis showed a visible color change. The formation of red ring has been
observed with B. subtilis, whereas no ring was observed in Pseudomonas, which
indicated a negative methyl red test. From the table, it is clear that the microbe
employed are P. aeruginosa and B. subtilis.

Table 1. Biochemical characterization of the microbes

Test performed P. aeruginosa B.subtilis
Catalase test + +
Simmon citrate test + +
Starch test - +
Methyl red test - +
VP test + +

Effect of pH and temperature

To find out the favourable pH for the growth of P. aeruginosa and B. subtilis, the
growth profile of the microbes have been observed over time by monitoring the change
in OD4oonm at different pH values (Fig. 7). Figure clearly shows that P. aeruginosa and
B. subtilis had maximum growth at pH of 7+1. Hence, for subsequent experiments the
pH of the nutrient broth has been maintained at 7+0.2.

—=— P. aeruginosa
—e— B. subtilis

Change in OD @ 400 nm

0.0

pH (units)

Figure 1. Effect of pH on the growth of P. aeruginosa and B. subtilis
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Once the pH has been optimized, the effect of temperature on the growth of microbes
has been studied. The optimal temperature for the growth of these microbes is
determined to be around 37+20C. Hence, the subsequent experiments have been carried
out at this temperature.

Effect of initial substrate concentration

Spray dried wattle extract, a polyphenolic material, used as a tanning and retanning
agent during leather manufacture was selected as a representative substrate for phenol.
In order to find out the maximum concentration with which the mixed culture of P.
aeruginosa and B. subtilis can grow, the microbes were grown in the presence of
different initial concentrations of phenol and wattle. The initial concentrations of phenol
and wattle were varied from 25, 50, 100, 250 and 500 mgl”. The degradation profile of
phenol and wattle were monitored at regular intervals using modified Folin’s method.
The growth of microbes was monitored over time. (Figs. 2 and 3) provide the phenol
and wattle degradation data at an initial concentration of 250 mgl™ of the substrate. The
measurement of growth of microbe and the residual concentration of the substrate were
followed till the substrate present got completely consumed. The results showed that the
higher the concentration of the substrates higher the time taken to consume it fully.
From the figures, it is very clear that the mixed microbial culture containing P.
aeruginosa and B. subtilis was able to consume phenol and wattle completely. The
consumption of 250 mgl™ of phenol took 36 hours, while the consumption of 250 mgl’
of wattle took almost 48 hours. Wattle being a polyphenolic compound took a longer
time for degradation when compared to phenol alone.
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Figure 2. Degradation of phenol by the mixed microbial culture (Initial conc= 250 mgl”"'; pH =
7.0+0.2; Temp = 37+2 °C)

Growth kinetics

The growth kinetics of the mixed culture has been evaluated from the microbial
growth data at different initial phenol and wattle concentration. The plot of OD against
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the initial phenol concentration has been used for the determination of specific growth
rate (Livingston, 1989). The specific growth rate has been determined from the slope of
the linear plots of OD vs Time during the exponential phase at respective initial phenol
concentration.

Cell growth kinetics in a batch reactor may be modelled by the following equation
(Edwards, 1970):

dX
ar ~HeX TRX = X (Eq. 1)
For substrate:
s 1(dx
dt Y\ dt (Eq. 2)
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Figure 3. Degradation of wattle by the mixed microbial culture (Initial conc = 250 mgl”; pH =
7.0+0.2; Temp = 37+2 °C)

The specific growth rate (ug) is a function of substrate concentration (S). Monod and
Haldane kinetics are the two most widely used equations to calculate the growth
kinetics of any microbial systems. According to Monod’s equation, the substrate is
considered a non-inhibitory compound and the Monod’s non inhibitory kinetics
equation is given as below:

_ S
‘ug_KS'i'S (Eq3)
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Whereas, the Haldane’s kinetic equation considers the substrate to an inhibitory
compound. Haldane’s growth model was selected due to its mathematical simplicity and
wide acceptance for representing the growth kinetics of inhibitory substrates. The
Haldane’s inhibitory growth kinetics equation is as follows:

_ Fonas S (Eq. 4)
K, +S+(S7K))

He

At higher substrate concentrations, S>>Ks, the above equation reduces to the
following:

= My S (Eq. 5)
or £ S+(S?/K)

1 1 S

= +
lLtg lLtmax (Kzll’tmax)

(Eq. 6)

This is the linearized Haldane’s equation.

The experimental p data obtained have been plotted against the respective initial
concentration of phenol and wattle, respectively. (Figs. 4 and 5) show a typical trend
that the values of p increases with increase in initial substrate concentration up to
certain initial concentration of the substrates and then it starts decreasing with further
increase in initial concentration. This observation infers that both phenol and wattle are
inhibitory types of substrates. Thus the Haldane’s growth kinetic model has been used,
which represents growth kinetic data of an inhibitory compound.

0.28 m  Experimental data
Haldane's model

0.26

o
N
s~
1

0.22
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o
S
]
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(o)
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0.14
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0 100 200 300 400 500
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Figure 4. Haldane’s growth model fitted to the degradation of phenol by the mixed microbial
consortia to determine the growth kinetic parameters.
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Figure 5. Haldane’s growth model fitted to the degradation of wattle by the mixed microbial
consortia to determine the growth kinetic parameters.

The estimation of the parameters using Linearized Haldane’s model have been
calculated and provided in (7able 2). Nonlinear regression technique has been adopted
for the estimation of parameters of Haldane model. The experimental data have been
solved for the Haldane equation using SPSS 15 for Windows, statistical software. The
values for the linearized Haldane equation have been used as the starting guess values
for the nonlinear regression fits. It could be observed from the figures that Haldane’s
model represents well the growth kinetics of the mixed culture. Also, the R* value has
been observed to be above 0.930 in both the cases. The calculated parameter values are
provided in (7able 2). The values of maximum specific growth rate pmax (0.305 and
0.233 h™' for phenol and wattle) and the substrate inhibition coefficient K; (399 and 155
mgl” for phenol and wattle), were comparable to the values already published in
various literatures (Pawlowsky, 1973 and Kumar, 2005). The values of substrate half
saturation coefficient K was also well within the range (3.02 and 4.48 mgl™) (Kumaran,
1997).

Table 2. Growth kinetics parameter values of linearized (LHM) and non-linearized (NLHM)
Haldane’s model for biodegradation of phenol and wattle by the mixed consortia of P.
aeruginosa and B. subtilis

Parameters Phenol Wattle
Hmax (h7) 0.244 0.164
LHM K; (mgl™) 702 289
R’ 0.800 0.915
Himax (h"l) 0.305 0.233
K; (mgl™) 399 155
NLHM K, (mgl™) 3.02 4.48
R’ 0.935 0.971
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Endogenous or decay coefficient

A typical growth curve shows a decline in cell population after the complete
consumption of substrate. During this declining phase some part of the cell population
becomes the food for the rest of the cell population. This part of the growth curve in a
batch reactor has been modelled by following equation.

dX
— =k X
dt d (Eq. 7)

In order to determine the value of kg, the growth runs were not stopped, rather the
measurement of cell density was continued further for another 5 to 6 days even after the
complete consumption of phenol and wattle. Initial substrate concentrations were
250 mgl™ for phenol and wattle, respectively. The data of the decay region were plotted
as log. (OD) versus time (Figs. 6 and 7). The negative slope gives decay rate coefficient.
The values of the decay rate coefficients obtained are 0.0069 and 0.0082 h™' for phenol
and wattle, respectively. These values are in agreement with the earlier studies by
Kumar et al. (2005), where the decay coefficient value for phenol and catechol have
been reported to be 0.0056 and 0.0067 h™'. The decay coefficient is an important
parameter that affects the growth kinetics. Higher the decay coefficient, the wash-out
condition would occur at lower dilution rates. The observations from the experiment
implies that a reactor treating wastewater containing mainly wattle should be operated
at lesser dilution than when treating influent containing mainly phenol.
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Figure 6. Evaluation of decay coefficient K, for the growth of the mixed consortia containing P.
aeruginosa and B. subtilis on phenol using decay phase growth experimental data
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Figure 7. Evaluation of decay coefficient K, for the growth of the mixed consortia containing P.
aeruginosa and B. subtilis on wattle using decay phase growth experimental data

Conclusions

The degradation of phenol and a polyphenolic compound by the mixed culture
containing Pseudomonas aeruginosa and Bacillus subtilis have been demonstrated. The
favourable pH and temperature for the growth of bacteria has been established to be
7.040.5 and 37+2°C, respectively. The mixed culture was able to grow even at an initial
concentration of 500 mgl' of phenol and wattle. The time taken for the complete
degradation of 250 mgl”" of phenol and wattle were estimated to be around 36 and 48
hours, respectively. According to growth kinetics calculation, the degradation of phenol
and wattle has been well explained by the Haldane’s inhibitory growth model. The
growth kinetic parameters such as the maximum specific growth rate, the inhibitory and
the half saturation coefficients for the degradation of phenol and wattle have been
determined and found to be in accordance with the available literature values. The decay
coefficient for the degradation of phenol and wattle has also been calculated from the
decay phase of the growth of bacteria. The decay coefficient for the degradation of
wattle was high, inferring that while treating the wastewater containing wattle, the
reactor should be operated at lesser dilution.
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Abstract. The purpose of this study is to determine the present levels of atmospheric heavy metal
pollution in the area of the Kazdagi Mountain in the Aegean region in the western part of Turkey.
Twenty-five different plants were selected as potential biomonitors of trace elements including nickel,
iron, zinc, lead, cadmium, and manganese (ug g ', dry weight). The samples were collected from two
different heights of Mt. Kazdagi. Atomic absorption spectrometry was used to determine the
concentrations of trace elements. The mean concentrations determined at 600 m altitude ranged from
0.107 to 0.442, 0.269 t0 0.619, 0.873 t0 9.030, 0.338 to 0.523 and 0.143 to 2.823 (ug g ', dry weight), for
Ni, Zn, Fe, Pb and Mn, respectively. At 1100 m altitude, the values ranged from 0.119 to 1.806, 0.232 to
0.792, 0.618 to 5.720, 0.371 to 0.534 and 0.766 to 4.782 (ug g ', dry weight) for Ni, Zn, Fe, Pb and Mn,
respectively. No Cd was found at either altitude. For the determination of the existence of any differences
between the averages of the herbaceous and woody plants, comparisons were made in the independent
sample 7—test. In the statistical analysis, comparison of heavy metal pollution values of herbaceous and
woody plants for Ni, Fe and Mn was significant (P < 0.05), while it was not for Pb and Zn.

Keywords: Mt. Kazdagi, biomonitoring, trace element

Introduction

Increasing anthropogenic influences on the environment have caused negative
changes in natural ecosystems and altered the normal biogeochemical cycling (Ugulu et
al., 2008; Dogan, 2012; Ugulu, 2012; Dogan et al., 2013). Among the anthropogenic
activities, heavy metal contamination of the biosphere has increased sharply since 1900
and it poses major environmental and human health problems worldwide (Prasad &
Freitas, 2003). The circulation and migration of metals in the natural environment are
mainly related to such processes as rock decay, volcanic eruptions, evaporation of
oceans, forest fires and soil formation. The sources of anthropogenic contamination or
pollution of the environment by heavy metals include different branches of industry
such as the power industry, transport, municipal waste management, waste dumping
sites, fertilisers and waste used to fertilise soil (Aksoy et al., 2000; Karaca et al., 2005;
Osma et al.,, 2012). The heavy metals from these sources are dispersed in the
environment and they contaminate soil, water and air (Elekes et al., 2010). They also get
into human and animal bodies, directly or indirectly, through plants (Szyczewski, 2009;
Yasar et al, 2012a).
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Biological monitoring within a quality control programme involves the systematic
use of living beings for obtaining quantitative information on changes in the
environment, often due to anthropogenic activities (Bargagli, 1998). Biological
responses can be considered more representative than data supplied by chemical or
physical detectors, in that they are spatially and temporally extensive; moreover, they
allow for estimating both the levels of pollutants and, even more importantly, the impact
on biological receptors (Calzoni et al., 2007). For this reason, in order to evaluate,
minimise and avoid detrimental effects of toxic metals, there has been an emphasis on
the use of natural bioindicators to monitor atmospheric quality in both urban and rural
environments (Szczepaniak & Biziuk, 2003; Ng et al., 2005).

Biomonitoring has been used to detect the deposition, accumulation and distribution
of trace metals in the ecosystems. By using different types of vegetation with this
method, the levels of atmospheric trace metallic concentrations have been successfully
monitored (El-Hasan et al., 2002; Baslar et al., 2003; Dogan et al., 2007; Onder et al.,
2007). Biomonitoring provides the cheapest and simplest method for monitoring trace
metals elements in the atmosphere (Kaya & Yaman, 2008; Cayir et al., 2008).

Recently, many studies have been devoted to showing the distribution of heavy metal
pollution in the urban and ruderal habitats in Turkey (Baslar et al., 2005; Yilmaz et al.,
2006; Dogan et al., 2007; Cayir et al., 2008; Ozturk et al., 2008; Huseyinova et al.,
2009; Akguc et al., 2010; Durkan et al., 2011; Ugulu et al., 2012; Yasar et al., 2012b).
In some of these studies, mountainous areas, assumed to be unpolluted, have been used
as control groups (i.e. Baslar et al., 2003, 2005, 2009; Yilmaz & Zengin, 2004; Dogan et
al., 2007; Dogan et al., 2010). The present study is significant in that it aims to
determine heavy metal levels in mountainous areas which are considered to be free of
heavy metals, and, therefore, uses them as a reference.

The purpose of this study was to investigate and present the concentrations of lead,
cadmium, nickel, zinc, iron and manganese by using plant samples from Mt. Kazdagi.

Materials and methods
Sampling area

Mt. Kazdagi (Mt. Ida) is the highest mountain on the Biga Peninsula, which is
situated in the south-western part of Anatolia (Fig.l). It separates the Aegean and
Marmara regions. It has three summits and the highest among them is 1774 m. Mt.
Kazdagi possesses various climatic features due to its geographical position. On its
south slopes, it is possible to see the characteristic Mediterranean climate because of its
proximity to the Aegean Sea, whereas a cooler and more humid terrestrial climate is
observed on its northern slopes.

Because of its climatic properties, geological structure and location, Mt. Kazdagi is
ecologically and floristically diverse, containing a number of plant species endemic to
Turkey. There are about 800 taxa growing naturally in the area and 79 of them are
endemic to Turkey (Satil, 2008).

The location of the sampling points on steep slopes provides results that depend on
altitude rather than on horizontal distance (Zechmeister, 1995). The samples were
collected from altitudes of 600 m and 1100 m above sea level and 35-40 km away from
the city centre.
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Figure 1. Geographical location of the study area

Sample collection and preparation

The samples were collected from 600 m and 1100 m during the months of July—
August, 2006. Twenty-five plant species in total were collected, 11 of which were from
600 m and 14 from 1100 m. The taxonomy of the plant samples was determined
according to Davis (1965-1985), Davis et al. (1988) and Guner et al. (2001).

For analysis purposes, about 100 g of aboveground parts of bushy species and well-
developed leaves of other plants were collected. The samples were dried in an oven at
80°C for 24 h, milled in a micro-hammer cutter and fed through a 0.2 mm sieve. The
samples were stored in clean self-sealing plastic bags under silica gel desiccant. In
order to eliminate contamination from the micro-hammer cutter during the grinding, it
was washed after every grinding, first with absolute alcohol then with distilled water.
Therefore, the contamination was negligible.

Wet digestion procedure

The method described by the Perkin Elmer Corporation was used for plant digestion
(Anonymous, 1996). The digested samples were aspirated into an air—acetylene flame
and the existence of metals was determined by flame atomic absorption spectrometry
(FAAS). The reproducibility was ensured by carrying out triplicate analyses. All
samples were analysed immediately after digestion.

Reagents

Unless otherwise specified, all the chemicals used were of analytical reagent grade.
Triple-distilled water was used throughout the experiments. By diluting the stock
standard solution with water, working metal standard solutions were prepared just
before use.

Instrumentation

The existence of the metals was determined with the Perkin Elmer Analyst 700
model flame atomic absorption spectrometer equipped with deuterium background
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correction, hollow cathode lamps (HCL) and acetylene burner. The absorption
measurements of the metals were performed under the conditions recommended by the
manufacturer. A Cole—Parmer microfiltration apparatus with membrane filter (0.45 pm
pore size manufactured by Micro Filtration Systems, MFS) was used for the filtration of
the aqueous phase before metal determination.

Data analysis

Statistical significance was determined by the independent sample #—test. In the
independent sample t— test, comparisons were made in order to determine whether there
were any differences between the averages of the herbaceous plants and woody plants.
Differences at P < 0.05 were considered to be significant. A statistical package was
used in the analysis of #—test for the data collected.

Results and discussion

The plants, used as biomonitors to investigate the levels of the trace elements, were
sampled with 25 different species at two different levels of altitude on Mt. Kazdagi. The
concentrations of elements were determined by atomic absorption spectrometry. The
levels of the trace elements Cd, Ni, Zn, Fe, Pb and Mn (pg g ', dry weight) in plant
samples from different altitudes of Mt. Kazdagi are given in Tables 1 and 2. As a result
of experiments carried out, the following mean concentrations were determined for 600
m altitude: The contents of Ni, Zn, Fe, Pb and Mn (ug g ', dry weight) ranged from
0.107 to 0.442, 0.269 to 0.619, 0.873 to 9.030, 0.338 to 0.523 and 0.143 to 2.823,
respectively (Table 1). As for the average for 1100 m altitude, the contents of Ni, Zn,
Fe, Pb and Mn (ug g ', dry weight) ranged from 0.119 to 1.806, 0.232 to 0.792, 0.618 to
5.720, 0.371 to 0.534 and 0.766 to 4.782, respectively (Table 2). No Cd values were
determined in the samples collected from both heights.

Table 1. Trace element contents in plants growing in the Mt. Kazdagi (ug g—1 dry weight)
(600m)

Plant Ni Zn Fe Pb Mn
woody
Celtis australis L. 0.170 0.598 2.347 0.504 0.877
Cydonia oblanga Miller. 0.138 0.521 1.432 0.523 0.226
Juglans regia L. 0.222 0.619 2.633 0.357 0.531
Malus sylvestris Miller. 0.134 0.414 1.449 0.503 0.230
Pinus brutia Ten. 0.133 0.337 0.873 0.352 1.429
Quercus cerris L. subsp. 0.169 0.305 2.731 0.498 2.823
cerris
herbaceous
ls)c’ggﬁ’”’sﬁl’x‘mas (L) 0.107 0.269 1.332 0.398 0.925
Epilobium angustifolium L. 0.442 0.432 9.030 0.453 1.525
Hypericum lydium L. 0.196 0.538 3.179 0.454 0.519
Juncus inflexus L. 0.208 0.407 1.067 0.376 0.589
Verbascum sp. 0.150 0.366 0.897 0.338 0.143
Min.: 0.107 0.269 0.873 0.338 0.143
Max.: 0.442 0.619 9.030 0.523 2.823

Mean: 0.18+0.02  0.43+0.03  2.45+0.70  0.43+0.02  0.89+0.23

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(3): 627-636.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: 10.15666/acer/1203_627636
© 2014, ALOKI Kft., Budapest, Hungary



Dogan et al.: A study on detecting heavy metal accumulation through biomonitoring: Content of trace elements in plants at Mount
Kazdagi in Turkey
-631 -

Some plant species are useful for biomonitoring of the atmospheric deposition of
pollutants (Kaya & Yaman 2008; Baycu et al., 2006; Mertens et al., 2005; Singh et al.,
2005; Smodis et al.,, 2004). In this respect, the aggregation of investigated trace
elements in plants collected from the 600 m height on Mt. Kazdagi was presented in
Table 1. It can be seen from the table that Ni content was the highest in Epilobium
angustifolium (0.442 pg g '), and the lowest in Dryopteris filix-mas (0.107 pg g ™). Zn
content was the highest in Juglans regia (0.619 pg g '), and the lowest in Dryopteris
filix—-mas (0.269 pg g"). It was determined that Fe content was the highest in Epilobium
angustifolium (9.030 pg g '), while the lowest was in Pinus brutia (0.873 ug g ). In
terms of Pb content, Cydonia oblanga (0.523 pg g ') was the highest, and Verbascum
sp. (0.338 pg g') was the lowest. Mn content was the highest in Quercus cerris subsp.
cerris (2.823 pg g '), and the lowest in Verbascum sp. (0,143 ug g ). At 1000 m, the
highest values were recorded as Ni and Fe in Epilobium angustifolium, Zn in Juglans
regia, Pb in Cydonia oblanga and Mn in Quercus cerris subsp. cerris.

The results of analysis of trace element values in plants collected at 1100 m are
presented in Table 2. The table shows that Ni content was highest in Plantago
holosteum (1.806 ug g '), and the lowest in Rubus idaeus (0.119 pg g ). In terms of Zn
content, it was the highest in Fragaria vesca (0.792 pg g'), and the lowest in Erica
manipuliflora (0.232 pg g'). Fe content was highest in Fragaria vesca (5.720 ug g ),
and the lowest in Abies nordmanniana subsp. equi—trojani (0.618 pg g™). It was seen
that Pb content was highest in Abies nordmanniana subsp. equi—trojani (0.534 ug g™),
and the lowest was in Origanum vulgare (0.371 pg g ). The highest Mn content was
observed in Quercus cerris subsp. cerris (4.782 pg g '), while the lowest Mn content
was in Celtis australis (0.766 pg g'). At 1600 m, Ni content was highest in Plantago
holosteum, Zn and Fe were highest in Fragaria vesca, Pb was highest in Abies
nordmanniana subsp. equi—trojani and Mn was highest in Quercus cerris subsp. cerris.

Sources of pollution that cause accumulation of various heavy metals have been
reported by some researchers. For instance, Pb and Zn originate mainly from
anthropogenic activities (Alfani et al., 2000; Blok, 2005; Oliva & Rautio, 2005). The
burning of coal and oil cause the production of Cu, Ni and Pb, and mining operations,
steel works and the cement industry are major anthropogenic sources of Ni (Nriagu &
Pacyna, 1988). Plants have been reported to be highly affected by contamination of the
soil by Fe and Mn in the Mediterranean climate zone, although airborne Mn originates
mainly from soil (Loppi et al., 1999; Bargagli et al., 2003; Oliva & Rautio, 2005). Fe
originates both from anthropogenic and natural sources (Oliva & Rautio, 2005).

Various researchers in different parts of the world, as well as in Turkey, investigated
the accumulation of trace elements in plant parts. Some of those are given below for the
purpose of comparison with our findings: Dijingova et al. (1995) (Cd: 0.10-31.20 ug g
' Ni: 0.50-4.9 pg g, Zn: 7-302 pg g, Fe: 100-283 pg g ', Pb: 0.80-21.30 ug g ',
Mn: 44-405 pg g '), Baslar et al. (2003) (Ni: 0.88 pg g ', Fe: 57.28 ug g, Pb: 1.4 ug
g "), Dogan et al. (2007) (Ni: 3.56 ng g ', Fe: 486.35 ug g, Pb: 4.59 ug g '), Baslar et
al. (2005) (Cd: 1.7 ug g, Zn: 63.4 pg g ', Fe: 182.6 pg g, Pb: 2.3 ug g ') and
Kapusta et al. (2005) (Cd: 6.44 ug g ', Pb: 5.64 pg g', Zn: 304 pg g ).

Trace elements, which are an intrinsic part of nature, appear in the composition of
plants. Bowen (1979) has reported the normal natural concentration intervals for land
plants as Cd: 0.2-2.4 pg g ', Ni: 1-5 pg g, Zn: 20-400 pg g ', Fe: 70-700 pg g ', Pb:
1-13 pg g ', Mn: 20-700 pg g '. Comparison of our results with these findings (Tables
I and 2) clearly shows that our values are well below the accepted range. Hence, the
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area studied is free from the contamination of heavy metal pollution in terms of the
trace elements investigated. The accumulation levels obtained are soil orientated.

Table 2. Trace element contents in plants growing in the Mt. Kazdagi (ug g—1 dry weight)
(1100m)

Plant Ni Zn Fe Pb Mn
woody

Abies nordmanniana (Steven)

Spach subsp. equi-trojani

(Asch. & Sint. ex Boiss.) 0.171 0.631 0.618 0.534 2.601

Coode & Cullen

Castanea sativa Miller. 0.214 0.704 1.902 0.414 2.246

Celtis australis L. 0.223 0.615 1.816 0.404 0.766

Erica manipuliflora Salisb. 0.200 0.232 4.065 0.440 2.634

Pinus nigra Arn. subsp.

pallasiana (Lamb) Holmboe 0.237 0.486 1.272 0.417 2.623

Quercus cerris L. subsp. 0.187 0.321 1.833 0.420 4.782

cerris

Rubus idaeus L. 0.119 0.393 1.045 0.470 3.820

herbaceous

Dactylis glomerata L. subsp.

hispanica (Roth) Nymas 0.201 0.384 0.997 0.460 1.154

Dryopieris filix-mas (L.) 0.179 0.510 0.812 0.434 0.892

Schott

Euphorbia sp. 0.175 0.659 1.632 0.390 0.823

Fragaria vesca Coville 0.678 0.792 5.720 0.512 3.352

Origanum vulgare L. 0.314 0.625 5.165 0.371 1.339

Plantago holosteum L. 1.806 0.732 4.823 0.519 2.474

Verbascum sp. 0.161 0.377 1.472 0.445 1.466
Min.: 0.119 0.232 0.618 0.371 0.766
Max.: 1.806 0.792 5.720 0.534 4.782

Mean: 0.34+0.11  0.53£0.04  2.36+0.47 0.44+0.01 2.21+0.32

Baslar et al. (2009) have obtained the following results in a study they conducted on
Mt. Honaz, which is another important mountain of the same region: The mean
concentrations determined at 1000 m altitude ranged between 0.273 to 0.488, 0.099 to
0.488, 0.306 to 0.682, 1.017 to 3.744, and 0.148 to 0.674 (ug g ', dry weight), of Pb, Ni,
Zn, Fe and Mn, respectively. At 1600 m altitude, the values ranged between 0.225 to
0.534, 0.150 to 0.842, 0.234 to 0.905, 1.082 to 3.864 and 0.023 to 0.982(pg g ', dry
weight) of Pb, Ni, Zn, Fe, Pb and Mn, respectively. No Cd was detected at either
altitude. Additionally, Kula et al. (2010) have studied trace element concentrations of
plants on Mt. Akdag and obtained the following results: The mean concentrations
determined at 1000 m altitude ranged from 0.011 to 0.882, 0.241 to 0.714, 0.532 to
9.396, 0.329 to 0.487, and 0.155 to 3.439 (ug g, dry weight), for Ni, Zn, Fe, Pb and
Mn, respectively. At 1600 m altitude, the values ranged from 0.092 to 0.600, 0.272 to
0.834, 1.130 to 8.021, 0.263 to 0.889 and 0.076 to 0.508 (ug g, dry weight) for Ni, Zn,
Fe, Pb and Mn, respectively. No Cd was detected at either altitude. The similarities of
the results obtained from Mt. Honaz, Mt. Akdag and Mt. Kazdagi show the validity and
credibility of all studies concerned.

In the statistical analysis, comparison of heavy metal pollution values of herbaceous
and woody plants for Ni, Fe and Mn was significant (P < 0.05), while it was not for Pb
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and Zn (Table 3). Kula et al. (2010) found the difference between the values of Fe, Pb
and Mn from herbaceous and woody plants of Mt. Akdag statistically significant, while
Yildiz et al. (2010) found the values of Fe and Mn statistically significant in their work
on Mt. Bozdag. When we compare our results with those of the above two studies, it
can be concluded that the concentration of Fe, particularly, displays a statistically
significant difference between herbaceous and woody plants of the area.

Table 3. Statistical analysis values of herbaceous and woody plants

Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference | Lower Upper
Ni- Equalvariances| ¢ oq¢ 015 | 1,564 23 131 | -206519 | 132036 |-,479656 | ,066617
assumed
Equal variances 1,501 | 11,139 161 | -206519 | 137598 |-,508911 | 095872
not assumed
zn  Equalvariancesf ), 881 -516 23 611 | -032506 | ,063001 |-,162835 | 097822
assumed
Equal variances 514 | 22,433 612 | -,032506 | ,063201 |-,163430 | ,098417
not assumed
Fe  Equalvariances| ., oo 002 | -1,502 23 147 |-1,163115 | 774471 |2,765230 | 438999
assumed
Equal variances 1,454 | 13,5522 169 |-1,163115 | ,800065 |2,884797 | 558566
not assumed
Pb Equalvariances .., 570 842 23 408 | ,019756 | ,023450 |-,028753 | 068266
assumed
Equal variances 846 | 23,000 407 | 019756 | 023366 |-,028579 | 068092
not assumed
Mn Equal variances| 4524 044 1460 23 158 701558 480539 [-,292513 [1,695629
assumed
Equal variances 1,487 | 20,271 152 | 701558 | 471746 |-281643 |1,684759
not assumed

In the present study, the plants used as biomonitors to investigate the levels of the
trace elements Cd, Ni, Zn, Fe, Pb and Mn (pg g ', dry weight), were sampled with 25
different species at two different heights (600 m and 1100 m) on Mt. Kazdagi. The
values of the trace elements we obtained were below the values obtained from control
samples of other studies of clean areas, and therefore low values are concluded to be
soil orientated. We are convinced that this study will contribute to future studies on
pollution.
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Abstract. A pot experiment was conducted to investigate the effects of wheat (Triticum aestivum L.) straws
and arbuscular mycorrhizal (AM) fungi on maize (Zea mays L.) growth and organic carbon (C)
sequestration in a sterilized sandy loam soil. The experiment included three treatments: control, amendment
with wheat straws (S), and amendment with wheat straws plus inoculation with AM fungus Glomus
caledonium (StM). Compared with the control, the amendment of wheat straws significantly (P<0.05)
increased soil alkaline phosphatase (ALP) activity in maize seedling period (30 d) and plant phosphorus
(P)-uptake and shoot biomass at harvest time (110 d), and also tended to increase soil organic C content as
well as produced low but demiurgic crop yield at harvest time. In wheat straw-amended soils, G.
caledonium inoculation significantly (P<0.05) decreased soil pH and significantly (P<0.05) increased plant
P-uptake as well as soil ALP activity in seedling period, and tended to increase shoot biomass and grain
yield in seedling and harvest periods, respectively. Furthermore, G. caledonium inoculation tended to
increase soil organic C content at harvest time, which was significantly (P<0.05) higher than that of the
control, suggesting potential application of AM fungi in facilitating crop production and C sequestration
in straw-returned fields.

Keywords: alkaline phosphatase, Glomus caledonium, P-uptake, rhizosphere acidification, straw return

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(3): 637-644.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: 10.15666/acer/1203_637644
© 2014, ALOKI Kft., Budapest, Hungary



Hu et al.: Arbuscular mychorrhizal fungus enhances maize (Zea Mays L.) growth and organic carbon sequestration in wheat (Triticum
Aestivum L.) straw-amended soils
-638 -

Introduction

Soil organic carbon (C), an important component of terrestrial ecosystems, is a
crucial regulator of C fluxes between the biosphere and the atomosphere (Zhu and Mille,
2003). Soil C storage depends on the balance between C input and output. Optimizing
agricultural managements can increase soil C by increasing C input and/or decreasing C
output (Lu et al., 2009). Organic amendments are used primarily to increase nutrient
availability to plants, and are essential for improving soil organic C content as well
(Zhong et al., 2010). For instance, straw, the dry stalks of cereal plants, is an agricultural
by-product after the grain and chaff have been removed. Since recycling of nutrients is
the key to nutrient management in sustainable agricultural system, the management of
straw in the field as crop residue for returning the organic matter to the soils is
significant in agricultural production (Tuyen and Tan, 2001). Although straw has value
from both the nutrients removed and the organic matter addition it will return to the soil,
the value of the organic matter that straw returns to the soil is much more difficult to
calculate, and it is the activity of microbe and enzyme that regulates C accumulation via
mineralization and immobilization of plant derived residues in the soil.

Phosphorus (P) is one of the major essential macronutrients limiting plant growth
owing to its low bioavailability in soils (Feng et al., 2004), and improving plant
acquisition of P from soil is an obvious alternative to the management of those low P
soils (Zhu et al., 2003). It is commonly known that arbuscular mycorrhizae (AMs)
provide a direct link between soil and roots: AM fungi help plants to capture water and
nutrients (notably P) from the soil, and in return, the plant provides the fungus with
relatively constant and direct access to carbohydrate (Smith and Read, 2008), which are
translocated from their source to root tissue and on to fungal partners. It is also
generally accepted that AM fungi receive all their carbohydrate from host plant and that
the association could create a sink demand for carbohydrate, which could result in a
4-20% drain of C from the host plant and could indirectly influence C storage in soils
(Graham, 2000).

Although straw return can increase C input to soil from crop residues, uncertainties
still remain about the impacts of AMs on crop production and soil organic C
sequestration in straw-returned soils. Then, the objectives of this study were to
investigate the effects of AMs on maize (Zea mays L.) growth and organic C
sequestration in a wheat (Triticum aestivum L.) straws-amended soil, and find out the
main factors that influence these parameters.

Materials and methods
Soil and mycorrhizal inoculum preparation

A subsurface soil sample was collected from an arable agricultural land at Fengqiu
County (35°00'N, 114°24’E), Henan Province, China. The air-dried soil sample was
ground with a wooden pestle, homogenized by sieving through a 5 mm sieve,
autoclaved (121°C for 1 h on three successive days), and stored for the pot experiment.
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The soil is derived from alluvial sediments of the Yellow River and classified as aquic
inceptisol with the following properties: soil pH (soil: water ratio of 1: 2.5) 8.6, 3.66 g
kg" organic C, 0.35 g kg total N, 0.55 g kg™ total P, and 22 g kg total K. Glomus
caledonium (Nicol. & Gerd.) Trappe & Gerdemann 90036 was isolated from a
fluvo-aquic soil in Hennan Province, China (Liao et al., 2003), and deposited at the
Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China. The AM
inocula were propagated on white clover (7rifolium repens L.) grown in an autoclaved
(121°C for 1 h on 3 successive days) substrate for two successive propagation cycles (4
months each). The inocula were a mixture of rhizospheric soil containing spores,
hyphae, and mycorrhizal root fragments, and were air-dried and sieved (2 mm). At the
same time, the non-mycorrhizal inoculum was also prepared with the same sterilized
substratum on which white clover was cultivated under the same conditions.

Pot experiment

Three treatments were established in the pot experiment: control, amendment with
wheat straw (S), and amendment with wheat straw plus inoculation with G caledonium
(S+M). Each square polyvinyl chloride (PVC) pot (30x30%30 cm) contained 7.5 kg of
soil, which was mixed with 375 g of mycorrhizal/nonmycorrhizal inoculum, and each
straw amendment treatment was also mixed with 37.5 g of wheat straw (< 1 cm). Six
maize seeds were sown into each box, and three seedling per box were left after
emergence. Plants were grown in a sunlit glasshouse with 30/22° C day/night
temperature, 40-60% relative humidity and 60-70% water-holding capacity. Pots were
randomly arranged with four replicates per treatment. Two maize seedlings per pot was
harvested after growing for 30 days, and the other one was harvested after growing for
110 days. At each sampling time, soil samples were also collected.

Mpycorrhizal colonization, plant and soil analysis

Wheat plants were divided into roots, shoots, and grains if possible. Fresh roots were
used for mycorrhizal colonization assessment by the grid-line intersect method
(Giovannetti and Mosse, 1980) after rinsing with tap water, clearing with 10% KOH
and staining with acid fuchsin (Phillips and Hayman, 1970). Shoots and grains were
weighed after oven drying at 70 °C for 48 h, and subsamples of dried and ground shoots
and grains were taken for immediate nitric-perchloric acid digestion in HNOs (70%):
HCI1O4 (70%) mixture (6:1 v/v) (Zhu et al., 2003), followed by molybdenum-ascorbic
acid spectrophotometry (Hanson, 1950), to measure tissue P concentration. To this end,
the individual P-uptake by maize plant (shoot plus grain) was calculated. Soil samples
were air-dried and homogenized by sieving through a 2 mm mesh sieve. Soil pH was
determined with a glass electrode using a soil-to-water ratio of 1:2.5. Soil alkaline
phosphatase activity was determined by incubation at 37 °C with borate buffer (pH 9)
according to the method of Tabatabai (1982), and is given in units of mg p-nitrophenol
produced g soil 24 h™. Then, the enzyme activity was expressed on an oven-dried soil
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weight basis by correcting for water content in the soil (105 °C, 24 h). To this end, soil
organic C content was determined by dichromate oxidation (Mebius, 1960).

Statistical analysis

The means and standard deviations of four replicates were computed. An analysis of
variance was carried out using the one-way procedure with SPSS software while the
comparison of mean effects was based on least significant difference (LSD)
multiple-comparison tests (P < 0.05).

Results
Mpycorrhizal colonization, shoot biomass, grain yield, and P uptake of maize plant

Mycorrhization in maize roots was shown in the G caledonium-inoculated treatment
(Table 1), and the colonization rates were 31.7+3.1% and 50.3+£2.9% in seedling (30 d)
and harvest (110 d) periods, respectively. The amendment of wheat straw significantly
(P < 0.05) increased maize shoot biomass and P-uptake at harvest time but not in
seedling period, and produced low but demiurgic crop yield, which approached zero in
the control soils. In wheat straw-amended soils, G. caledonium inoculation significantly
(P < 0.05) increased maize P-uptake and tended to increase maize shoot biomass in
seedling period as well, but had no significant effects on them at harvest time, except
for a trend towards higher grain yield.

Table 1. Mycorrhizal colonization, shoot biomass, grain yield, and P-uptake of maize plant

under different treatments.

Sampling Treatment Mycorrhizal Individual Individual Individual
time colonization shoot biomass grain yield P-uptake
(%) (2 (2 (mg)
30d Control — 0.56 (0.11) b — 0.39(0.24) b
S — 0.64 (0.14) ab — 0.59 (0.09) b
S+M 31.7(3.1) 0.84 (0.10) a — 1.05(0.20) a
110d Control — 5.10 (0.40) b — 3.09 (0.36) b
S — 8.28 (1.38) a 0.07 (0.12) 12.66 (1.22) a
S+M 50.3 (2.9) 8.35(2.55)a 2.28 (2.44) 11.93(1.21)a

Control, without inoculation/amendment; S, amendment with wheat straw; S+M, amendment with wheat straw plus
inoculation with AM fungi. Standard deviations are given in parentheses. Values within the same column and the
same cultivation time not followed by the same letter differ significantly (P < 0.05).
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Soil pH, alkaline phosphatase activity, and organic C content

The amendment of wheat straw significantly (P < 0.05) increased soil ALP (Fig. 1b)
activity in maize seedling period, but had no significant effects on soil pH (Fig. /a) and
organic C content (Fig. Ic) both in maize seedling and harvest periods, except for a
trend towards higher organic C content at maize harvest time. In wheat straw-amended
soils, G. caledonium inoculation significantly (P < 0.05) decreased soil pH and
significantly (P < 0.05) increased soil ALP activity in seedling period, and thereby
tended to increase soil organic C content at maize harvest time, which was significantly
(P < 0.05) higher than that of the control.
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Figure 1. Soil pH (a), alkaline phosphatase activity (b), and organic C content (c) under
different treatments. Control, without inoculation/amendment, S, amendment with wheat straw,
S+M, amendment with wheat straw plus inoculation with AM fungi. Vertical T bars indicate
standard deviations. Bars within the same cultivation time not topped by the same letter indicate
a significant difference in values (P < 0.05).
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Discussion

Organic amendments act as a source of C and other nutrients, which may improve
soil organic C and favor plant growth as well (Albiach et al.,, 2000), owing to the
enhanced plant nutrition. However, mechanisms causing increased grain yield upon AM
fungal inoculation in straw-amended soils seem to be due to the rhizosphere
acidification and enhanced ALP activity in the seedling period. On the one hand, plant
roots alter rhizosphere soil pH by production or consumption of H' or by exudation of
organic acids, and thereby induce changes in nutrient availability (Li et al., 1991), and
such an effect is possibly enhanced by AM fungal inoculation (Bago et al., 1996). On
the other hand, soil ALP activity is also involved in the mycorrhization effect on plant
nutrition, since AM propagules themselves synthesize enzymes, such as ALP within the
P-accumulating vacuoles of AM hyphae (Dong and Zhao, 2004), and mycorrhizal roots
may release more root exudates containing enzymes than non-mycorrhizal roots because
of the larger root system and/or improved nutrition (Wang et al., 2006). It is noteworthy
that crops seedlings growing in straw-amended soils were still P limited in this study,
and the significant increase of plant P-uptake in the seedling period upon AM fungal
inoculation played a vital role in deuteric grain filling.

Straw amendment raised grain yield and plant biomass, which would also increase
biomass input into soil from crop roots (Lu et al., 2009). However, in addition to
facilitating plant uptake of mineral nutrients, AM fungi can also impact soil C dynamics
directly by contributing to soil C inputs (Jakobsen and Rosendahl, 1990), and indirectly
by modifying the decomposition of organic materials (Tu et al., 2006). Although they
are thought to be unable to decompose organic materials directly due to a lack of
saprotrophic capacity (Read and Perez-Moreno, 2003), AM fungi may alter rhizosphere
soil directly or indirectly through changes in root exudation patterns or fungal exudates
(Linderman, 1992), and still be involved in decomposition processes. For example, AM
fungi have been found to proliferate in decomposing organic residues (St John et al.,
1983), and therefore, may enhance wheat straw decomposition by stimulating some
enzyme activities. Consequently, the combined application of wheat straw and AM
fungi revealed the strongest influences on soil organic C content, which may be
explained by the multitude of factors that may act in different ways, such as direct C
sources and crop root exudates. Although the results indicated the potential application
of AM fungi in facilitating C sequestration in straw-returned fields, the applying
strategy still needs an in-depth study.

In summary, wheat straw increased maize shoot biomass and P-uptake as well as soil
ALP activity, and tended to increase soil organic C content as well as produced low but
demiurgic crop yield at harvest time. AM fungal inoculation greatly increased maize
grain yield and soil organic C content in straw-amended soils, and seemed to be due to
enhanced rhizosphere acidification and increased nutrients (notably P) uptake in the
seedling period. The results indicated potential application of AM fungi in facilitating
crop growth and C sequestration in straw-returned fields.
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Abstract. The effectiveness of biodiversity conservation strategies depends on the knowledge about the
distribution of habitats or single species. Despite this, efforts on biodiversity monitoring and conservation
are currently hindered by a lack of information about the spatial distribution of species on large
landscapes. Predictive species distribution models, can provide a powerful tool for solving this ecological
problem. The vast majority of data available for modelling plants distribution are herbarium data, which
lack reliable records of species absence. Although it has been found that herbarium records do not meet
current standards for sampling in ecological studies, they remain often the only available source of
sufficient magnitude with regard to relevant distribution data. Modifying existing statistical tools and
developing new methods so that herbarium data, despite their shortcomings, can be used for modelling
habitat suitability, is currently a growing field. The aim of this paper was to analyse the opportunities and
bottlenecks for future application of distribution models in the mapping and monitoring of habitats of
conservation interest in a complex Mediterranean area. Here we specifically concentrate on testing the
Maximum entropy (Maxent) approach to estimate the distribution of a training habitat through the use of
herbarium records and to explore a GIS-based integrated approach. The results obtained highlighted the
important role that distribution models can have in individuating the areas where a targeted species or
habitat type is most likely to be found, and in showing where to commit the limited available resources
for inventories.

Keywords: Ecological niche, GIS, Habitat distribution, Herbarium data, Maxent.

Introduction

Identifying and mapping habitats of conservation interest around the globe represents
a crucial step to individualize effective tools for biodiversity monitoring and
conservation (Margules and Pressey, 2000; Groves et al., 2002). The effectiveness of
conservation strategies crucially depends on the knowledge about the distribution of
habitats or single species (Cianfrani et al., 2010). Alarmingly, efforts on biodiversity
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monitoring and conservation are currently hindered by a lack of information about the
spatial distribution of species on large landscapes (Wilson et al., 2004). In this context,
predictive species distribution models (Guisan and Zimmermann, 2000) based on
complex ecological databases, can provide a powerful tool for solving this ecological
problem.

Species distribution models attempt to estimate a species’ niche across a
geographical area by relating presence records of the species to
environmental/ecological predictors. These models estimate the probability that species
occur in areas where it has not directly been observed given an array of measured
environmental variables (Segurado and Araujo, 2004). These environmental variables
can include any sort of biotic or abiotic features that may favor the presence of the
species being modeled and that can be measured spatially. Distribution models (also
called ‘habitat models’) now have an established place within conservation biology,
where they support many crucial aspects as landscape planning, reserve placement,
habitat monitoring, and identification of suitable restoration sites (Funk and Richardson,
2002; Rodriguez et al., 2007; Lobo, 2008).

Generally, distribution models use either presence-only data, or both presence and
absence data (Guisan and Zimmermann, 2000; Elith et al., 2006) coming from a variety
of sources as museums, herbaria, published inventories, transects and species lists
(Stockwell and Peterson, 2002; Soberdn and Peterson, 2004). While species data from
planned surveys are ideal for modelling distributions, records for most species of the
world are in a presence-only form (Cawsey et al., 2002). These are usually derived from
ad-hoc observations that lack reliable records of species’ absence (Dennis and Hardy,
1999; Graham et al., 2004; Lobo and Tognelli, 2011).

The vast majority of data available for modelling plants distribution are herbarium
data, which are typically presence-only (Zaniewski et al., 2002; Wollan et al., 2008).
However, it has been found that herbarium records provide limited accuracy in
predicting distribution and do not meet current standards for sampling in ecological
studies, as many populations may have been overlooked due to inadequate geographic
coverage, or various collection biases (Rich and Woodruff, 1992; Heyligers, 1998;
MacDougall et al., 1998; Hirzel and Guisan, 2002; Delisle et al., 2003; Ungricht et al.,
2005). Nevertheless, herbarium data remain often the only available source of sufficient
magnitude with regard to relevant and ample distribution data. Therefore, modifying
existing statistical tools and developing new methods so that herbarium data, despite
their shortcomings, can be used for modelling habitat suitability, is currently a growing
field (e.g. Hirzel et al., 2002; Reutter et al., 2003; Engler et al., 2004; Hirzel et al.,
20006).

A number of alternative modeling algorithms have been applied to classify the
probability of species’ presence as a function of a set of environmental variables and
several studies have demonstrated that different modeling approaches have the potential
to yield substantially different predictions (e.g. Loiselle et al., 2003; Thuiller, 2003;
Brotons et al., 2004; Segurado and Araujo, 2004; Elith et al., 2006; Pearson et al.,
2006). The Maximum entropy model (Maxent; Phillips et al., 2006; Elith et al., 2011)
showed promising results in comparison with alternative methods (Elith et al., 2006;
Pearson et al., 2006; Phillips et al. 2006; Peterson et al., 2007).

The aim of this paper is to disentangle the opportunities and drawbacks for future
application of distribution models in the mapping and monitoring of habitats of
conservation interest as these models could represent a straightforward but robust tool
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to improve, among others, the monitoring of Natura2000 habitats. Here we specifically
concentrated on testing the Maximum entropy (Maxent) approach to estimate the
distribution of habitat characterized by an intrinsic an internal complexity through the
use of herbarium records.

Material and Methods
Study area

The study area covers the entire territory of the Tuscany region, situated in central
Italy between 9° and 12° east longitude and 42° and 44°30" north latitude. Tuscany is
delimited by the Northern Apennines on the Northeast side and by the Tyrrhenian Sea
on the West side (Fig. 1).

Figure 1. Study area (in red).

Forests vary from the evergreen Mediterranean forests dominated by Quercus ilex,
along the coastlines, to the Fagus sylvatica, Castanea sativa and Abies alba forests of
mountain sites. Corine land-cover data (Bossard et al., 2000; APAT, 2005) show a
surface territory of about 19,720 km® of which 44% is covered by forests, while the
agriculture area covers about 46%. The agriculture types that take up the larger surface
area include intensive non-irrigated arable land alternated with traditional agro-
ecosystems, while broad-leaved forests represent the major natural class. From an
environmental point of view, the region is peculiar for its extremely heterogeneous
morphological and climatic features. The topography varies from the plain areas near
the coast line and around the principal river valleys to the hilly and mountainous zones
towards the Apennine chain. From the climatic point of view, Tuscany is influenced by
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its complex orographic structure and by the direction of the prevalent air flows: the
central and southern parts of Tuscany fall within the temperate climatic zone with a dry
season, the Mediterranean climate category, whereas the northern portion has some
continental climate characteristics (Rapetti and Vittorini, 1995).

Target habitat and Herbarium data

The Natura2000 habitat “Arborescent matorral with Juniperus spp.” (5210,
corresponding to 32.13 Corine Biotope code) was selected here to test an integrated
Maximum Entropy approach in habitat distribution estimation. This habitat has been
selected as target habitat in Maxent distribution as: i) it is a habitat of conservation
interest in Tuscany, if) has a narrow ecological niche, ii7) is one of the better represented
habitat, in terms of characterizing species, in the Herbarium Universitatis Senensis
(University of Siena, Italy).

The target habitat consists of Mediterranean and sub-Mediterranean evergreen
sclerophyllous bush and scrubs, organized around arborescent junipers, and it is found
in the countries bordering the Mediterranean Sea (Calaciura and Spinelli, 2008).
Juniperus spp. are evergreen shrubs or small trees with few vital needs that, thanks to
their morpho-physiological characteristics, colonize harsh environments such as rocky
coasts and dry, incoherent soils (Pignatti, 1982; Jordano, 1991). Juniper, with its deep
and well-developed root system, is therefore an important species for soil retention and
consolidation, preventing soil erosion caused by rain and wind (Mondino and Bernetti,
1998). It is important as an ecotone, since it is often a transition area between
ecosystems (Calaciura and Spinelli, 2008).

In the study area, the characteristic physiognomic combination of the arborescent
matorral is: Juniperus oxycedrus, J. phoenicea, Pistacia lentiscus, Rhamnus alaternus,
Phillyrea latifolia, Myrtus communis, Lonicera implexa, Smilax aspera, Rubia
peregrina, Clematis flammula, Helichrysum stoechas, Brachypodium ramosum (De
Dominicis et al.,, 1988; Chiarucci et al., 1999; Viciani et al.,, 2005; Foggi et al.,
2006a,b).

Field data on characterizing species were gathered by the digitization and
georeferencing of the essiccata preserved in the Herbarium Universitatis Senensis, for a
total of 254 records (Table 1).

Modelling procedure

We considered 13 environmental variables as potential predictors of the target habitat
distribution (7ab.2). An ortho-Landsat ETM+ image (path 192, row 030, acquisition
date June 20, 2000; spatial resolution 30 meters) was acquired. Bands 1 (blue, 0.45 —
0.515 pm), 2 (green, 0.525 — 0.605 um), 3 (red, 0.63 — 0.69 um), 4 (near infrared, 0.75 —
9.90 um), 5 (middle infrared, 1.55 — 1.75 um) and 7 (middle infrared, 2.09 — 2.35 um)
were considered; bands 6.1, 6.2 and 8 were not taken into account due to the different
pixel size from that of the other bands (60 meters of ground resolution opposed to 30
meters of the other bands). In order to obtain topographic variables we relied on a 75
meters digital elevation model of Tuscany region (DEM) resampled by a nearest
neighbour algorithm at a spatial resolution of 30 m, processed with an algorithm of
terrain analysis with the production of derivate images like altitude, slope, aspect and
solar radiation. The climatic variables (1990-2000) were obtained by spatial
interpolation (inverse distance weighting method) of 130 climatic stations operated by
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the Regional Agency for Innovation in Agriculture (ARSIA). All the image processing
operations were performed using Grass GIS and QGIS software and resampled to 30 m
pixels.

Table 1. Number of training records used in the Maxent models and obtained average
training AUC and standard deviation values.

Maxent model N° of records AUC values Standard deviation
Brachypodium 14 0.957 0.038
ramosum
Clematis flammula 14 0.824 0.048
Helichrysum stoechas 17 0.980 0.026
Juniperus 34 0.971 0.012
oxycedrus
Juniperus 24 0.975 0.105
phoenicea
Lonicera implexa 23 0.916 0.016
Myrtus communis 18 0.911 0.015
Phillyrea latifolia 31 0.891 0.038
Pistacia lentiscus 17 0.903 0.030
Rhamnus alaternus 13 0.891 0.068
Rubia peregrina 20 0.852 0.036
Smilax aspera 29 0.913 0.024

A correlation analysis was performed, using the Spearman correlation coefficient
(cor function within the R statistical software, R Development Core Team, 2013), in
order to exclude pairs of related variables from the model. The analysis of the
Spearman's rho statistic allowed the exclusion of pairs of highly correlated variables
(Spearman’s rho values > 0.6), obtaining a set of 9 variables to be used as
environmental layers in the Maxent modelling (7able 2).

Table 2. Environmental variables used for Ecological niche modelling of the occurrence of
Arborescent matorral with Juniperus spp. habitat.

Spectral variables band 1 (blue, 0.45 - 0.515 um)
(Ortho-Landsat ETM+ image: path 192,band 4 (near infrared, 0.75 — 9.90 um)

row 030, acquisition date June 20, . .
2000; spatial resolution 30 meters)  °and 7 (middle infrared, 2.09 —2.35 ym)
Altitude (ALT)

Slope (SLO)
Solar radiation (SR)

Geomorphologic variables
(DTM; spatial resolution 30 m)

Climatic variables Mean winter temperature (MWR)
(Spatial interpolation of 130 climatic

stations operated by the Regional
Agency for Innovation in Agriculture,Mean summer temperature (MST)

ARSIA; spatial resolution 30m) Mean Annual Rainfall (MAR)

We applied here the Maximum Entropy modelling method (Maxent; Phillips et al.,
2006; Phillips and Dudik 2008; Elith et al., 2011) in order to estimate the potential
habitat distribution for the species characterizing the selected target habitat. Maxent is a
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maximum entropy based machine learning program
(http://www.cs.princeton.edu/~schapire/maxent/) that uses the principle of maximum
entropy on presence-only data in order to approximate the species’ niche and potential
geographic distribution (Elith et al, 2006; Ortega-Huerta and Peterson, 2008;
Hernandez et al., 2006; Pearson et al. 2007; Papes and Gaubert, 2007; Wisz et al., 2008;
Kumar and Stohlgren, 2009; Warren et al.,, 2011). In estimating the probability
distribution of a species across an area, Maxent formalizes the principle that the
estimated distribution must agree with everything that is known (or inferred from the
environmental conditions where the species has been observed) but should avoid
making any assumptions that are not supported by the data (Shannon, 1948; Phillips et
al., 2006). The approach attempts to estimate the maximum entropy (the distribution
that is most spread-out, or closest to uniform) subject to constraints imposed by the
information available regarding the observed distribution of the species and
environmental conditions across the study area (Phillips et al., 2004; Baldwin, 2009).

The model evaluates the suitability of each pixel as a function of environmental
variables and estimates the most uniform distribution given the constraint that the
expected value of each environmental predictor variable matches its empirical average
(average values for the set of presence-only occurrence data) (Hernandez et al., 2008;
Ficetola et al., 2010). Output from Maxent models is a raster map that represents the
probability of presence of a species and that is made up of pixels whose values varies
from O to 1, where 0 is the lowest and 1 the highest probability.

In order to assess the predictive performance of the models we followed the most
commonly used approach that involves the use of the Receiver Operating Characteristic
curves (ROC; Hanley and McNeil, 1982; Zweig and Campbell 1993). The area under
curve (AUC) value indicates the model accuracy (Phillips et al., 2006; Jimenz-Valverde,
2011). For random prediction, AUC is 0.5. The main advantage of ROC analysis is that
the AUC provides a single measure of model performance, independent of any
particular choice of threshold.

In this work we performed a bootstrap replicated run to do multiple runs (100) for
each characterizing species (a total of 12 distribution models); through this method the
training data is selected by sampling with replacement from the presence points, with
the number of samples equaling the total number of presence points (Philips et al.,
20006).

Then, the 12 Maxent raster outputs have been processed through overlay operations
using the raster map calculator module of GRASS GIS software (Fig.2), in order to
obtain a distribution map of the target Natura2000 habitat.

Accuracy assessment

In order to assess the accuracy of the distribution map of the target habitat, we
generated 100 random test points, 50 in the areas characterized by an high probability to
found the habitat and e 50 in the remaining areas. The threshold value of probability
used to classify area with high or low suitability was equal to 0.5 (average result of
mutliple runs). Once located with a high precision GPS, the test points have Been
verified in the field on the basis of the presence of the characteristic physiognomic
combination in a neighborhood of 30 meters.
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In order to assess the reliability of the model, the Kappa Index of Agreement (KIA)
(Cohen, 1960) was computed using the following algorithm:

K= (po_pe)/(l_pe)

where Po 1s the probability or proportion expected by chance and pe is the
probability or proportion observed.

The obtained KIA index allowed the assessment of the spatial agreement between the
test points and the distribution map of the target habitat. The evaluation of the degree
of agreement has been performed according to the interpretation scale proposed by
Landis and Kock (1977),where values equal to 0 means null agreement and values equal
to 1 means maximum agreement.

0if (X7 I; = O)or (T2, S; = 0)
Wz}zllj + ZZ?zlsi

wm+zn

Figure 2. Overlay algorithm used to obtain the habitat probability of occurrence (uh). I=key
species (Juniperus);, m= number of key species, S=other characterizing species; n= number of
characterizing species, w= value of weight for key species; 7= value of weight for
characterizing species.

Results and discussion

The approach proposed in this study yielded an habitat distribution map, highlighting
how the application of a such integrated method could represent an accurate and cost-
effective tool to obtain distribution maps for large and ecologically complex areas
(Amici, 2011). Moreover, the modelling approach (Maxent) and the accurate geo-
referencing of the herbarium specimens, allowed to use a fair amount of data that are
often required to estimate species or habitat distribution for large areas. This aspect is
essential as Herbarium records are often perceived as untrustworthy since they have
been obtained without any planned sampling scheme, and their geographical locations
are often imprecise (Elith et al, 2006; Hortal et al, 2008). Compared with
contemporary data, most Herbarium data were collected using outdated methodologies,
with associated uncertainties and inaccuracies and might not provide strong inference
on species distribution modeling (Golding 2004; Hernandez and Navarro, 2007).
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In this context, choosing the most suitable modelling approach becomes crucial:
numerous recent studies have successfully applied niche-based models, using presence-
only data (e.g. data from herbarium collections; Loiselle et al., 2008) to map habitat in
space (Phillips et al., 2006; Pearson et al., 2007). By isolating the niche relationships in
occurrence data, presence-only habitat models supply knowledge of species’
environmental and spatial distributions with less dependence on observational factors
(Elith et al., 2006). In particular Maxent has been found as one of the most effective
methods for species distribution modelling, as it showed high quality performance with
both small and large sample sizes (Elith et al., 2006; Wisz et al., 2008) and for its
capacity to predict novel presence localities for poorly known species (Pearson et al.,
2007). The distribution maps provided through Maxent have a probabilistic
interpretation, giving a smooth gradation from most to least suitable conditions.

In this work Maxent models output resulted in twelve maps showing the mean
probability of occurrence for each characterizing species.

The Maxent internal test of model performance showed AUC values ranging from
0.98 (Helichrysum stoechas) to 0.82 (Clematis flammula), which indicate that predictive
quality of the models can be considered good (7able 1). How close the AUC is to its
potential maximum, can ultimately only be assessed if it is known how specialized is
the environmental niche that the species occupies, because a wider niche corresponds
generally with a lower AUC value (Phillips et al., 2006; Elith et al., 2011). In fact,
lower values of AUC are related to Clematis flammula, that could be considered a
sinantropic species, and to species as Rubia peregrina, Phyllirea latifolia and Rhamnus
alaternus, that represent species with a wider ecological niche than the other
characterizing species. Those species could be found in different types of Mediterranean
habitats, from the thermophilous mixed oak forests to mixed forest dominated by
Quercus ilex and Mediterranean maquis (Ahrends et al., 2011). Species with wider
distributions often encompass a greater range of environmental conditions (Gaston,
2003) and thus may be harder to model, especially when the number of training points
is limited (e.g. see Thuiller et al., 2004).

The highest AUC values are related to Juniperus oxycedrus, J. phoenicea and
Helicrysum stoechas (that represent a species with a narrow ecological niche). In the
study area Helicrysum stoechas is mostly found in scrubland and coastal maquis along
the Tyrrhenian coast (Arrigoni et al., 1985; De Dominicis, 1993). The two Juniperus
species, besides being the main species that characterize the target habitat, are found on
rocky slopes, deforested areas and costal sands, mostly on calcareous substrates often
with southern exposures (Angiolini et al., 2002, Landi et al., 2007).

The analysis of the contribution to the models of the selected predictors may
reinforce the understanding of the ecological properties beyond the characterizing
species and, consequently, of the target habitat. In this regard, analyzing the results on
the contribution of each environmental variable to the models (7able 3), it is not
surprising that the variables that have the greatest contribution to the models are, in
most cases, the climatic one and in particular the rainfall and the solar radiation. In fact,
the habitat type used as a test in this study presents an ecological niche characterized by
xeric, warm, sunny and harsh situations and can be considered semi-arid, occupying
unsheltered, steep biotopes (Blasi et al., 2005; Calaciura and Spinelli, 2008).

Concerning the spectral variables (Landsat ETM+ bands), is interesting to note that
the highest contribution could be found for the models of species identified as dominant
of the top layer of a shrubland (e.g. Jumiperus oxycedrus, Juniperus phoenicea,
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Phyllirea latifolia) or species that are frequently associated with the Mediterranean
maquis (e.g Myrtus communis, Pistacia lentiscus). Instead, the contribution of spectral
reflectance with regard to herbaceous species, has generally the lowest values, since
these species, in most cases, could not be identified by remote sensor due to the
complexity and heterogeneity of habitats in which they are present.

Table 3. Relative contributions of the variables to the MAXENT models (%). For details
about variables acronyms, see section Table 2. Br — Brachypodium ramosum, Cf - Clematis
flammula, Hs - Helichrysum stoechas, Jo - Juniperus oxycedrus, Jp — Juniperus phoenicea,
Li - Lonicera implexa, Mc — Myrtus communis, Pla - Phillyrea latifolia, Ple - Pistacia
lentiscus, Ra - Rhamnus alaternus, Rp — Rubia peregrina, Sa — Smilax aspera.

Variables Br Cf Hs Jo Jp Li Mc Pla Ple Ra Rp Sa
Band1 22 32 59 74 59 28 44 73 129 6.1 641 6
Band4 21 31 05 86 38 36 0 3.1 1.2 1.8 1.8 21
Band7 54 61 28 95 87 61 197 184 214 22 371 17.7

ALT 81 65 101 62 87 76 362 159 173 95 116 126
SLO 85 98 69 101 38 41 122 101 77 217 34 34
SR 89 146 167 57 82 185 123 109 191 6.7 56 125
MWT 77 81 124 121 24 117 24 59 106 8.8 10.8 13.2
MST 98 88 158 139 42 167 54 09 51 58 3.8 838

MAR 473 39.8 289 26.5 327 289 74 275 47 17.6 19.8 237

The performed overlay of the characterizing species models resulted in a raster map
representing the probability of presence of the habitat “Arborescent matorral with
Juniperus spp.” (Fig.3). The map shows the probability of occurrence values ranging
from 0 to 0.58 as the result of the overlay between the individual distribution maps of
the characterizing species, each representing the point-wise mean of 100 output grids.
The habitat distribution map describes currently suitable areas for the target habitat,
although that are delineated as suitable may in fact be unoccupied due to factors like
human disturbance.

Nevertheless, as demonstrated by the accuracy assessment in a GIS environment , the
results seem to be in agreement with the distribution of this habitat in Tuscany. Based
on the field data, the KIA results showed a value equal to 0.82 corresponding to a very
good strenght of agreement according to Landis and Koch (1977) scale. Nonetheless,
unless the performed independent validation data, the expert opinion, as part of the
validation process, will probably be useful for improving model accuracy (see Araujo
and Guisan, 2006 for a discussion of model evaluation).

Distribution predictions also may be improved by giving greater attention to
sampling design, parameterization of the model, model selection and evaluation (Araujo
and Guisan, 2006).

In summary, despite the fact that herbaria and museums contain a vast storehouse of
valuable information on biodiversity that offers great potential to advance conservation
planning and decision-making (Graham et al., 2004; Soberon and Peterson, 2004), many
natural history collections most species are represented by few specimens. Nevertheless,
in recent years is increasing the efforts of ecologists to make available georeferenced
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and taxonomically verified records in electronic format for large-scale modelling
(Loiselle et al., 2008). For this reason, even if in geographical areas where expert
knowledge regarding species’ distributions is limited because of relatively sparse
geographical sampling, species distribution models might also be used by experts to
improve their understanding of the geographical and environmental distributions of
species.

Arborescent matorral with Juniperus spp.
[ 28 ]

0 20 40Km
|

Figure 3. Estimated distribution map of the Natura2000 habitat “Arborescent matorral with
Juniperus spp.” (5210) for Tuscany.

Conclusions

The goal of this study was to test a Maximum entropy approach to predict habitat
distributions in a complex Mediterranean area, given that many applications of habitat
distribution modelling rely on existing natural history collections deposited at herbaria
Or museums.

The modelling approach followed by this study, taking into account the uncertainty
proper of the ecosystems (Salski and Sperlbaum, 1991; Foody, 1999), could represent
an invaluable tool for conservation management since it can aid in the process of
focusing conservation action onto the right geographical locations and in ranking areas
in terms of conservation values.

As also evidenced by the results of this paper, there are several advantages of using
species distribution modeling to support conservation planning in complex landscapes,
especially when a great amount of field data is not available. Maps based only on field
occurrence data do not provide information on the likelihood of occurrence in areas that
have not been surveyed, and also when surveyed, ‘false absence’ may occur
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(MacKenzie, 2005). Moreover range maps from field and similar data are often too
coarse or clustered to be useful for on-the-ground conservation action or research
(Dormann et al., 2007); then accurate predictive distribution maps should be used with
the aim of making field inventories more efficient and effective (Willis et al., 2003).

Our results confirm the important role that distribution models can have in
highlighting the areas where a targeted species or habitat type is most likely to be found,
and showing where to commit the limited available resources for inventories (Loiselle
et al., 2008).
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Abstract. This paper presents the results of a survey on the habitat and seasonal variation in activity
density and richness of ground and dung beetle assemblages in a heterogeneous landscape of central
Greece. Beetles were collected using 2,646 pitfall traps across an area of 138 ha representative of the
Mediterranean mountainous landscape. Sampling was performed in cereal fields, corn fields, fallow land,
grassland, Robinia pseudoacacia plantations, oak forest - farmland ecotone and oak forest using pitfall
traps. A total of 18,275 individuals belonging to 38 species were collected, whereas only seven species
constituted the 82.64% of the overall captures. Onthophagus ovatus was the most common species in all
habitats. Beetle assemblages varied markedly regarding the number of species, while higher densities
were reported during June. Significant differences in beetle richness were found considering habitat
preferences with the lowest species richness in corn fields. Carabidae assemblages were both most
abundant and diverse in plantations, whereas Scarabacidae assemblages were most abundant and diverse
in fallow land. Among estimated diversity indices, Margalef’s index generated similar results with the
observed diversity, likewise non parametric estimators. Overall, the results obtained in the present study
suggest that agricultural areas in mountainous heterogeneous landscape might be the important factor for
conserving rich beetle diversity, whereas supplementary biotic factors should be explored.

Keywords: Mediterranean ecosystems; Carabidae; Scarabaeidae; habitat heterogeneity;
correspondence analysis

Introduction

Epigeic invertebrates have been successfully used as biological indicators of
ecosystem health and habitat evaluation in a variety of studies (Redolfi et al., 1999;
Vanbergen et al., 2005; Liu et al., 2006) focusing either on specific species or families
or even on the whole order. A considerable effort has been invested in various aspects
of their ecology, especially regarding effects of habitat heterogeneity and habitat loss on
their activity density and distribution (Driscoll and Weir, 2005), and effects of the
geographical location on their population sustainability (Thomas et al., 2001; Holland et
al., 2004).

Among epigeic invertebrates, the most common ones are ground (Carabidae) and
dung (Scarabaeidae) beetles. Most commonly ground beetles constitute an important
group for comparative ecological studies since they are abundant, their ecology and
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systematics are well known (Lovei and Sunderland, 1996) and are sensitive to habitat
changes as well (Niemeld et al., 1993). In addition, they are easily collected, allowing a
standardized successful sampling, while some are highly selective and restricted to a
particular habitat (Niemeld et al., 1992). Dung beetles though have proved to be key
organisms in nutrient poor systems (Pifiero and Avila, 2004), aerating and softening the
soil (Brusaard, 1987; Herrick and Lal, 1996). However, only recently have they
received increasing attention as indicators of changes in land use (Spector, 2006;
Barragan et al., 2011) and the health status of pastures (Davis et al., 2004). Nonetheless,
they have been scarcely studied in the Mediterranean region, except for some western
European regions (France and Iberian Peninsula) and the western Rhodopes Mountains
of Greece (Lobo et al, 2007). Wassmer (1995) studied the habitat selection of
coprophagous beetles in southwestern Germany resulting in main differences comparing
to other investigations from other geographic latitudes reflecting the variability within
widely distributed species which are an ultimate reason for their expansion.

Several recent studies are dealing with beetle diversity in mountain landscapes of
different geographical areas such as Iberian Peninsula (Lobo and Martin-Piera, 1999;
Zamora et al., 2007) and a forested landscape of Mexico (Navarette and Halffter, 2008).
It seems that habitat type and structure drive local species richness (Tews et al., 2004),
whereas habitat heterogeneity is positively correlated with high diversity levels (Brose,
2003). Moreover, several studies have recorded higher diversity levels in agriculture
unit (da Silva, 2008), tallgrass prairies (Larsen et al., 2003), mown meadows and
riparian woodlands (Gutiérrez et al., 2004) than in other habitats. Contrasting results
could reflect differences in habitat heterogeneity between study areas so there is a need
for a closer examination of the effect of habitat heterogeneity on beetle diversity.
Furthermore, forest edges with increased beetle species richness substantiate a
significant edge effect (Baldi and Kisbenedek, 1994; Magura, 2002).

Despite the fact that Mediterranean area is one of the world’s richest regions in terms
of animal and plant diversity (Myers et al., 2000; Verda et al., 2000; Atauri and de
Lucio, 2001; Burel et al., 2004; Cuttelod et al., 2008), there is only a handful of studies
dealing with beetle distribution in upland landscapes of Greece. For example, Trichas
(1997) studied the ecology and biogeography of ground coleoptera in the southern
Aegean area, with emphasis on seasonal composition of Carabidae and Tenebrionidae
assemblages, Anastasiou and Legakis (2002) studied the distribution of Carabidae in
some mountains of Peloponnese, southern Greece, whereas Pitta (2009) studied the
communities of soil arthropods in a mosaic of sites in different succesional stages on
mountain Parnitha after fire. In northern Greece, Argyropoulou et al. (2005) described
and compared the community organization patterns of Coleoptera in various sites of the
Dadia forest reserve, regarding different types of vegetation and management practices.
Although these studies have led to a better understanding of beetle diversity, even fewer
studies have focused on seasonality and assemblage structure of ground and dung
beetles (Theile, 1977; Jay-Robert et al., 1997; Errouissi et al., 2004). Finally, there has
been no investigation on the relative contribution of cereal cultivation and adjacency
with semi-natural habitats in mountainous landscapes on beetle richness. This lack of
knowledge could lead to unsustainable land use management, as these insects play a
crucial role in many ecosystem functions.

The aim of the current paper was to study the relationship between habitat
heterogeneity and beetle richness in an upland Mediterranean landscape where
agriculture is dominated by cereals. The specific objectives of the study were to
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investigate: (1) the species diversity of the landscape using beetles as an indicator taxon,
(2) the seasonal distribution patterns of ground and dung beetle assemblages throughout
their activity season; (3) whether habitat haterogeneity influences beetle species
richness across cereal fields and neighbouring semi-natural habitats and (4) whether
ground and dung beetle assemblages respond similarly to habitat heterogeneity.

Materials and methods
Study area

The study was conducted in a heterogeneous Mediterranean landscape of western
Thessaly, in central Greece (Flabouresi, 33 km NE of Kalabaka town), (39°50'44"'N
and 21°42°30""W) (Fig. 14). The study area is part of the Natura 2000 site “Antichasia -
Meteora Mountains”, which is considered as an important area for bird species of
european conservation concern (Meliadis and Kassioumis, 2001), the endemic plant
species Centaurea kalambakensis (Freyn & Sint) and Centaurea lactiflora (Halacsy)
(Asteraceae) and endangered insects such as Rhysodes sulcatus (Dalman) (Carabidae)
(Legakis and Maragou, 2009).

The area of Flabouresi (altitude =~ 800 m above sea level) consists of a mosaic of
agricultural fields (412 ha) (Fig.1B) surrounded by forests dominated by Quercus
pubescens (Willdenow) (Fagaceae). The topography of the southern slopes is moderate
(average slope < 30°), whereas all other slopes are relatively low (average slope < 15°).
The climate is characterized as typical sub-Mediterranean, with warm, dry summers,
and mild, wet winters. The average monthly temperature ranges from 15.5 °C (January)
to 26.9 °C (August), while the annual rainfall averages ~ 700 mm (data from Kalabaka
Meteorological Station, 27 km away). The dry period lasts from middle June to middle
September.

Livestock (sheep, goats and cattle) grazing, along with agriculture, are the main
productive activities of the area. The fieldwork was conducted in a total area of 138 ha:

e 61 ha of dry winter wheat [(Triticum aestivum Linnaeus (Poaceae)]), planted in
mid September and harvested in late July;

e 6 ha of dry corn fields [(Zea mays Linnaeus (Poaceae)], planted in late May
and harvested in late August;

e O ha of fallow land, plowed agricultural land unseeded for two or more
growing seasons with short vegetation cover;

e 27 ha grazed grasslands, non fertilised, including mostly Anthemis arvensis,
Avena fatua, Convolvulus arvensis, Lolium sp., Poa annua, Poa pratensis;
Senecio vulgaris and Vicia cracca;

e 12 ha of managed Robinia pseudoacacia Linnaeus (Fabaceae) plantations, 10-
year old trees up to 8-10 m high;

e 8 ha oak forest, 15-year old trees up to 15-20 m high dominated by Quercus
pubescens, Q. frainetto and Q. ithaburensis var. cerris forming a sparse forest
and

e 15 ha oak forest - farmland ecotones adjoining forests with other habitats.
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Figure 1. a) The study area, b) the 14 sampling sites (SS) and ¢) the sampling design of the
pitfall traps at one of the 14 sampling sites

Beetle sampling

Beetles were sampled at 14 sites (Fig. 1B) using plastic pitfall traps (diameter 9 cm,
depth 13 cm) filled with 250 ml water plus 0.25% household vinegar (5% acetic acid) as
a preserving solution (Thomas and Marshall, 1999). Each sampling site included all 7
habitats (see above). Pitfall traps were used to sample beetles as a very convenient and
easy-to-operate method, yielding highly standardised samples (Southwood and
Henderson, 2000). Collected samples (3 traps x 7 habitats x 14 sites x 9 months = total
2,646 traps) (Fig. 1C) were analysed in the laboratory. The distance between each trap
was ~ 10 m, for avoiding inter trap effects (Digweed et al., 1995), and within 10 m of
each habitat fragment, so that trap catches represent the assemblage within that habitat.
Pitfall traps were placed from 25 May 2006 until 15January 2007 for two consequent
days (48 h) per month, to prevent oversampling that might have an excessive impact on
the density of beetles and minimize depletion of the insect fauna. All pitfall traps were
placed so that the lip of the cup to be slightly below of the ground surface in a fixed
position throughout the sampling period. In few cases during the trapping period the
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solution was diluted by rainwater, but none of the traps overflowed. Five traps from the
grasslands and 7 from the fallow land were excluded due to the severe damage by
grazing animals. The geographical position of each pitfall trap was recorded using a
global positioning system (GPS; e-Trex Vista, Garmin Co. Ltd.). Adult specimens were
taken to the laboratory and identification to species level was accomplished using
dichotomus keys (Chinery, 1993; Gueorguiev and Gueorguiev, 1995; Chinery, 2000)
following the nomenclature of Fauna Europaea (Vigna-Talianti, 2007).

Statistical analysis

The numerical importance of each species in the structure of the whole community
was computed by the total number of captured individuals (N), the relative activity
density (%) and the species occurrence (%O) defined as the pure records of locations
where a species occurred (Tsoar et al,, 2007). To compare the variation of beetle
assemblages among the different habitat types, the total number of activity densities and
number of species per three trap complex (within habitat within site) were used. Values
of variables were compared by an ANOVA, followed by the Tukey’s b test. If
assumptions of normality and homogeneity of variances (using Kolmogorov—Smirnov
test and F test respectively, Sokal and Rohlf, 1995), were not met, data were
transformed according to the method Box-Cox (Draper and Cox, 1969).

Although species richness is generally the most relevant component of the beetle
diversity, alpha diversity was also calculated by three indices: 1) the Shannon-Weiner
index (H") (Shannon and Weaver, 1949), despite its sensitivity to the presence of rare
species: H'= -Xpi Inpi, where pi is the proportion of the ith species among the total
collected; 11) the Berger-Parker’s index (BPI), which is a measure of the numerical
importance of the most abundant species: BPI = Nyax / N where Ny, is the number of
individuals of the most abundant species, and N is the total number of individuals in the
sample; and 1i1) Margalef’s diversity index (Dyg), which balances the richness by the
beetle numbers (Magurran, 1988): Dy, = (S-1) / In N, where S is the number of species
and N is the number of individuals.

To estimate species richness instead of the observed number of species (Brose, 2002;
Chao, 2005), we tested the following four nonparametric estimators: i) Chao 2, ii) 1*
Order Jacknife, ii1) 2" Order Jacknife and 1v) Bootstrap. These nonparametric species
richness estimators use the sample-based data to estimate the total number of species
(Gotelli and Colwell, 2001; Chao and Bunge, 2002). All alpha diversity and
nonparametric indices were generated using the software Species Diversity and
Richness ver. 4.0 (PISCES Conservation Ltd 2006). The randomization test of Solow
(1993) and the t-test were used to assess the significance of differences in diversity and
richness along the different habitat types at the significance level 0.05.

To investigate the seasonal patterns of both beetle families mean values (+ SE) of
activity densities and species richness were calculated and presented graphically per
month. To analyse the variation over time in activity densities and species richness of
ground and dung assemblages along the various habitat types, repeated measures
ANOVA was used followed by the Tukey’s b test. The model included “habitat type”
being the fixed factor (seven levels: cereal, corn, fallow, grassland, Robinia
pseudoacacia plantation, oak forest - farmland ecotone and oak forest), “season” being
the repeated factor (seven out of nine sampling periods, since there was no pitfall
catches in December and January) and the interaction between the two variables. All
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data analyses were performed using the PASW Statistics 19 (SPSS Inc., Chicago,
USA).

To explore the beetle compositional variation and find possible differences among
different habitats, Correspondence Analysis (CA) (ter Braak and Smilauer, 2002) and
the xIstat v. 2011.3.02 statistical analysis software (http://www.xlIstat.com) were used.
The multivariate data of species composition of the census points were analyzed by CA,
which ordinated individual samples in a way that the differences among them would be
maximized. Correspondence analysis was applied to the species x trap catches in order
to reveal the relationships between a species and trap locations.

Results
Species composition and richness

A total of 18,275 adult beetles belonging to 38 species and 20 genera were collected
throughout the sampling period (7able ). A percentage of approximately 0.24 % of the
whole captured specimens was not identified to species level because they had decayed
in the trap. The number of singletons (species with only one individual) was 5 carabids,
while the captured doubletons (species with only two individuals) were 2 carabids and 1
scarabid in the total 2,646 traps. The most abundant subfamilies in terms of the number
of individuals recorded were: Scarabaecinae (N=15,706), Harpalinae (N=1,958) and
Carabinae (N=559). The most numerous in terms of number of species within ground
and dung beetle assemblages in comparison to all other genera were the genus
Pterostichus and Onthophagus, respectively. Regarding ground beetle assemblages, the
most frequently occurring species were: Pterostichus nigrita (Paykull), P. cupreus
(Bonelli), Carabus nemoralis (Linnaeus) and Myas chalybaeus (Palliardi), whereas
Onthophagus ovatus (Linnaeus), O. coenobita (Herbst) and Gymnopleurus mopsus
(Pallas) were the most abundant dung beetles. Zabrus tenebrioides (Goeze), which is
the most important pest for cereals of the captured species, was firstly captured in late
July in the R. pseudoacacia plantations. A total of 67 individuals were captured
throughout the entire sampling period. During the same period only 2 to 3 individuals of
the species were captured in wheat and corn respectively. Twenty four out of the 38
species were classified as rare species representing less than 0.1% of all beetles
collected (7able 1). Some of the most abundant species were captured in a small
proportion of traps. For example, 2,086 individuals of O. coenobita were captured in 69
pitfall traps.

Habitat effects

Significantly different beetle richness was detected among habitats denoting habitat
preferences (carabid species richness, F'= 7.548, p < 0.0001; scarabid species richness,
F = 10397, p < 0.0001), whereas both assemblages exhibited the lowest species
richness in corn fields (7able 2). Regarding the ground beetle assemblage, the highest
number of species was recorded in grasslands, whereas similar number of dung beetle
species was counted in fallow land. Oak forest was completely dominated by three
species: C. nemoralis (total number of captured individuals N=141), O. ovatus (N=162)
and M. chalybaeus (N=141). O. ovatus was also common in all other habitats, whereas
the other two species occurred mostly in the oak forest. Similarly, significantly different
beetle activity densities were found among habitats showing their habitat preferences
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(carabid activity density, F' = 5.986, p < 0.0001; scarabid activity density, F'= 6.543, p <
0.0001). Most common scarabids were captured within the plantations, whereas dung
beetles were dominant in the catches from the fallow land.

Table 1. Overview of individuals trapped in the different habitats in pitfall traps in
Flabouresi during 2006 (n=294). N: Total number of captured individuals; %: Relative
activity density of each species in relation to the total number; f: Number of pitfall traps
where the species was trapped, and O: species occurrence (in percentage) in total sampled
traps

Family Species Habitat Total| % | f | %0
Cﬁeerl:l i?:l:i: F;a;:](:iw Grassland| Plantations | Ecotone foorilst

Carabidae Acinopus sp. L. - - - - - 2 - 2 0,01 | 2 0,68
Amara similata G. - 1 - - 1 - - 2 0,01 | 1 0,34
Amara aenea De Geer - - - - 1 - - 1 0,01 | 8 2,72
Amara sp. B. - - - 1 - - - 1 0,01 | 2 0,68
Amara aulica P. 14 - 1 - - 6 1 22 0,12 | 1 0,34
Anchomenus dorsalis L. 1 1 - 1 1 - - 4 0,02 | 4 1,36
Brachinus crepitans L. 3 - 1 3 26 - - 33 0,18 | 15 5,1
Carabus coriaceus L. 25 17 19 27 47 43 7 185 | 1,01 [102] 34,69
Carabus violaceus L. 7 5 37 8 22 26 7 112 | 0,61 | 48 | 16,33
Carabus nemoralis M. 2 3 7 1 39 64 141 257 | 1,41 |89 30,27
Carabus sp. L. 5 - - - - - - 5 0,03 | 1 0,34
Cicindela campestris L. - - 1 9 - 1 - 11 0,06 | 7 2,38
Harpalus zabroides D. 1 - - - - - - 1 0,01 | 1 0,34
Molops piceus P. 24 7 1 20 16 1 1 70 | 038 |29 986
Molops striolatus F. 7 1 - 5 - - - 13 0,07 | 3 1,02
Myas chalybaeus P. 4 1 2 2 93 44 141 287 | 1,57 | 74| 25,17
Nebria sp. L. - - - - 1 1 1 3 0025 1,7
Poecilus sericeus F. - - 1 1 6 8 6 22 0,12 | 15 5,1
Poecilus cursorius D. 2 - - 10 - - - 12 0,07 | 7 2,38
Poecilus purpurascens D. - - - 3 1 - - 4 0,02 | 2 0,68
Poecilus punctulatus S. 7 - 8 1 22 8 12 58 0,32 321 10,88
Poecilus sp. B. - - - - - - 1 1 0,01 | 7 2,38
Pterostichus cupreus L. 120 46 34 169 107 13 23 512 2,8 |113| 3843
Pterostichus nigrita P. 155 37 100 168 237 34 14 745 | 4,08 | 136 46,26
Rhysodes sulcatus F. - - - - - - 1 1 0,01 | 1 0,34
Sphodrus sp. 1 39 2 2 29 16 32 121 | 0,66 | 33| 11,22
Zabrus tenebrioides Gze. 2 3 6 2 44 9 1 67 037 | 7 2,38
Zabrus curtus A.S. 13 1 2 1 - - - 17 0,09

Scarabaeidae |Copris lunaris L. - - 2 - - - - 2 0,01 | 2 0,68
Copris hispanus L. - - 6 - 1 - - 7 0,04 | 4 1,36
Gymnopleurus mopsus P. 231 - 350 125 32 72 1 811 | 444 | 62| 21,08
Onthophagus ovatus L. 2230 | 276 | 4451 3508 664 1115 162 | 12406 | 67,86 [ 171] 58,16
Onthophagus coenobita Hbst. 267 3 366 614 50 724 62 2086 | 11,41 69 | 2347
Onthophagus amyntas O. 8 - - - - - - 8 0,04 | 2 0,68
Scarabaeus laticollis L. - - 1 - - 1 1 3 0,02 | 3 1,02
Scarabaeus sacer L. 8 - 37 8 2 11 - 66 0,36 [ 28] 9,52
Scarabaeus semipunctatus F. - - 4 1 - - - 5 0,03 | 4 1,36
Sisyphus scaefferi L. 33 - 69 42 34 84 50 312 | L71 [ 19| 646

Beetle diversity

The relationships between alpha diversity indices and the beetle assemblages among
the habitat types varied significantly based on the randomization Solow test (Table 2).
According to it, carabids were much more diverse in plantations similar to their activity
densities. Low Shannon-Wiener index value was recorded in grasslands although most
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species were caught in this habitat. BPI values were high, meaning dominant species
were recorded in this habitat resulting in great sensitivity of H~ values, which was
different from Dy since this is influenced by the rare species of the sample. Scarabids
were significantly predominant and rich in fallow land and grasslands. On the contrary,
corn fields were significantly poor with a total of only 2 species recorded. However,
corn hosted one of the most dominant species (O. ovatus) (Table I). Furthermore,
Margalef’s diversity index generated similar results with the observed ones, meaning
the lowest value at the corn fields and the highest one at the fallow land.

Table 2. Comparison of activity densities, species richness, values of Shannon-Wiener index
(H’), Berger-Parker Index (BPI), Margalef’s diversity index (DMg) and estimated non
parametric indices of species richness among the different habitats for the total sampling

period. Significance of difference in indices values are indicated by the letters “a”, “b”,

and “d”. Means followed by the same letter did not differ significantly (p = 0.05)

. Cereal Com Fallow
Obsarvation filds  fidds land
Carabidae Abundance 380 164 215

Species richness 19 14 17

Individuak

(mean+SE) 094021b  00A0.15b  0.5540.08b

Species

(mean+SE) 0.16:0.01b  012£002c  0.1520.02b

Alpha diversity indices

H 193¢ 1.87¢c 24la

BPI 0.35b 0.28 020b

Dy 303c 2.55d 391a

Estimated non parametric indices of species richness (mean +SE)

Chao2 1387+1.16a  12.56£2.20a 27.56+3.85b

1st Order

Jacknife 19.5141.71b  15.14+1.38c  16.47+.64a

2nd Order

Jadkrife 246+2.43b  15.62£1.79c  19.5582.37a

Bootstrap 152241632 11.2441.34b 1276+ .46a
Scarabaeidae  Abundance 2735 273 4746

Species richness 6 2 9

Individuals 1953+044a  195H084c 3394929

(mean=+SE)

Species

(mean+SE) 02540.02a  008:001d  036+003a

Alpha diversity indices

H 065a 0.06c 0.63¢

BPI 0.81d 0.98 0.83a

Dvg 063a 0.170 094b

Bstimated non parametric indices of species richness (mean+SE)

Chao2 4.824028c  148+0.11d  748+03%

1st Order

Jadknife 6.51403%  202+0.18d  9.06:061a

2nd Order

Jacknife 5940640 2374038  946+084a

Bootstrap 49610450  166£0.18d  742+068a

Grassland  Plantations

426
21

1.0940.21a

0.1620.01b

1.53d
045a
330b

1445+1.34a
21.08£2.15a
2513£3.15
16.16+1.98

4124
6

29.46+7.07ab

033+0.04ab

059
081d
060a

5.370.28b
5.930.27b

5.660.44b
5.79:0.45a

692
18

1.76+0.23a

0.2640.02a

2.13b
0.32b
260c

13.90£0.86b
18.50£1.17b
19.58+1.95b
15.55¢1.31b

&
6

6.01+2.53¢

0.2040.03¢

048c
088a
0.74b

4.6420.28¢

5.9720.42b

5.86+2.01b
5.180.4%

Ecotone

263
15

0.6740.07b

0.2240.01a

2.18b
022¢
251c

13.15£0.55b
15.02+082¢c
15.16+1.35¢
13.56+1.14b

1854
6

13.2444.44bc

022+003bc

0.80b
058
0.66b

4.94:0.31c

6.5240.34b

6.3740.62b
5.1120.48b

Oak forest

383

0.9740.17b

0.18:0.02b

l1eld
037>
235

11.7540.76b
14.68+1.07c
16.48+1.67c
12.55+1.24b

279
5

1974333¢

0.15£0.03cd

085b
0.65¢
0.71b

3.9740.25d

502+042c

569+0.68¢
4.18+042¢
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Chao 2 and the Bootstrap generated estimates that were not higher than the observed
richness, but 1* and 2™ Order Jacknife estimates, much more similar to each other, were
much higher than the observed ones, irrelevant to the beetle family (7able 2). Regarding
only Scarabaeidae assemblage, all non parametric indices generated the highest species
richness at the fallow land and the lowest one at the corn fields. This is in total
accordance with Dy, index and the observed values. In addition, the nonparametric
estimator Chao 2 showed the same performance as the index Dy, referring to both
Carabidae and Scarabaeidae assemblages.

Seasonal patterns of ground and dung beetle assemblages

The seasonal pattern of the 38 species and 18,275 individuals trapped through the
sampling period is given in Figure 2. Both carabid and scarabid species richness was
highest in June and September and lowest in November. Moreover, there was a high
seasonal variation as far as scarabids was concerned between May (total number of
individuals N = 270) and June (total number of individuals N = 11,149). In addition,
during the mid July — September period, scarabids decreased and in turn carabids
became predominant in the pitfall catches. Seasonal pattern of activity density was
similar to that of species richness with its highest value in June and the lowest one in
November. No pitfall catch occurred in December and January.

BOTH FAMILIES CARABIDAE SCARABAEIDAE
0.16 - A) Species 0,16 1 0,16 -
012 0,12 0,12
008 1 008 (4\ 008
0,04 A 0,04 - 004 -

U T T T T T T D T Ll Ll L) L} L} L] G
10 ¢ B) Individuals 05 - 10 1
8 04 8

® 6 03 6

+H

§ 4 02 1 4 1

* 24 0.1 2 1

0 H T SN, ————— i
14 - C) Individuals per habitat 12 - 25 7
12 A 11 20 4
10 4
08 1 ]
g | 15
0B
6 1 10 4
. 04
5 ] 02 51
04 0 L ‘v T - T — 04

May June July Aug Sept Oct Nov May June July Aug Sept Oct Nov May June July Aug Sept Oct Nov

Figure 2. Seasonal patterns of the number of beetles: (4) mean species richness (£SE), (B)
mean activity densities (£SE), and (C) mean activity densities per habitat type (£SE) (—*—,

cereal fields; =0, corn fields; —%—, fallow; —*, plantations,—%—, grassland; —+—,
ecotone and —+— oak forest)
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Based on seasonal activity recorded through the trapping period ground and dung
beetles can be classified into two groups (Fig. 3).

Spring breeders appeared early in the season and their activity peaked from May
until July. O. coenobita (Fig. 3B), P. cupreus (Fig. 3C) and G. mopsus (Fig. 3F) are
characteristic species of that group. The second group, meaning P. nigrita (Fig. 3D) and
S. scaefferi (Fig. 3E), was active during two periods, early in June and in the middle of
September. Cereal fields hosted high beetle catches during the sampling period, while
corn fields seemed to be the least preferred habitat (Fig. 2C, Fig. 3).

Habitat and season

The repeated measures analysis of variance showed that there were significant
differences in the activity densities and richness of ground and dung beetles caught in
the seven habitats. Habitat type, season and their interaction had a significant effect on
the overall number of pitfall catches (Table 3).

Ceptures pertrep
Capiuren perirap

Saptures perireg

Capiuras perirap
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E) Sisyphus scaefferi F) Gymnopleurus mopsus

CHEILTe Bar TR

Ceptures gertreg

Figure 3. Seasonal patterns of captures of the six most abundant species: A) Onthophagus
ovatus B) Onthophagus coenobita C) Pterostichus cupreus D) Pterostichus nigrita E) Sisyphus
scaefferi F) Gymnopleurus mopsus

Table 3. Repeated measures analysis of variance (seven monthly counts made from 25 May
to 25 November) of beetles in pitfall traps suspended on seven different habitats. Results of
the Tukey’s b test indicate which habitat type differs significantly (p < 0.05) from the others.

Source of
df MS F D Tukey’s b test
variation

Carabidae species richness

Habitat 6 1.703 19.179 0.001 plantation>ecotone=oak
forest=grassland=cereal>fallow>corn

Error 287

Season 6 33.638  73.848 <0.001

Habitat x 36 1.716 3.768  <0.001

Season

Error 1722 0.456

(Season)

Carabidae activity density

Habitat 6 12.558 7.405 <0.001 plantation> grassland=cereal=ecotone=oak
forest=fallow>corn

Error 287 1.695

Season 6 204.508 22.576 <0.001

Habitat x 36 38.651 4267 <0.001

Season

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(3): 661-679.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: 10.15666/acer/1203_661679
© 2014, ALOKI Kft., Budapest, Hungary



Plexida et al.: The impact of human land use on the composition and richness of ground and dung beetle assemblages

-672 -

Error 1.722 9.059

(Season)

Scarabaeidae species richness

Habitat 6 1.169 11.579 <0.001 fallow=grassland=cereal=ecotone>plantation>
oak forest=corn

Error 36

Season 6 29.518  49.24 <0.001

Habitat x 36 2.367 3.949 <0.001

Season

Error 1722 0.599

(Season)

Scarabaeidae activity density

Habitat 6 1960.13  7.148 <0.001 fallow=grassland=cereal>ecotone>plantation=
oak forest=corn

Error 287 274.21

Season 6 54336.38 36.548 <0.001

Habitat x 36 7061.82  4.750 <0.001

Season

Error

1722  1486.72
(Season)

The inertia percentage of the correspondence analysis for the two main axes
generally explained 77.32% of the species variance. The inertia percentage of the first
and the second axis was 60.83% and 16.49%, respectively. Characteristic species of the
cereal fields and grasslands were O. ovatus, P. cupreus and P. nigrita (Fig. 4) showing
relative inertia 0.032, 0.035 and 0.045, respectively. G. mopsus, S. sacer and O.
coenobita were proved to be characteristic species for the fallow land. Only C.
coriaceus (Linnaeus) with relative inertia 0.050 was proven as characteristic species of
corn fields, while P. sericeus, C. nemoralis, S. scaefferi and M. chalybaeus
characterized ecotone and oak forest. B. crepitans was strongly associated with the
grassland, while Z. fenebrioides was most abundant in the plantations.

Discussion
Seasonality of beetle assemblages

Our results indicate that: (a) an upland landscape characterized by habitat
heterogeneity shaped mainly by agriculture has rich biodiversity, (b) beetle assemblages
show strong seasonality, (c) characteristic species are found depending on habitat type
and (d) the intermediate disturbed agricultural land uses have higher species activity
densities and richness in comparison to the wooded ones.

In the present study, in an area of 138 ha, 10 dung species were collected, whereas 40
species were sampled in Northern Alps from 250,000 ha (Lumaret and Stiernet, 1989).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(3): 661-679.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: 10.15666/acer/1203_661679
© 2014, ALOKI Kft., Budapest, Hungary



Plexida et al.: The impact of human land use on the composition and richness of ground and dung beetle assemblages
-673 -

Land uses in our study area and specifically open agricultural areas and grazed
grasslands, generate a rather heterogeneous landscape, even at a small scale as multi
fragmentation of fields characterizes it. The number of individuals of the Scarabaeidae
family (15,706 adult individuals) was high although the number of species was
relatively low. Regarding singletons and doubletons, 8 locally rare species were found
in our study area, such as the dung beetle Copris lunaris (Linnaeus) and the endangered
ground beetle R. sulcatus (Legakis and Maragou, 2009). Although recording rare
species is crucial as the collective loss of rare taxa could have significant effects on
ecosystem functions as well as on the services these systems provide to humans (Lyons
et al., 2005), rare insect species have been scarcely studied in Mediterranean mixed
forest — agricultural landscapes (Ricarte et al., 2009; Sirami et al., 2010). In our study
there were only five individuals of the pest Z. fenebrioides collected in crop fields
(wheat, 2; corn, 3) probably due to the presence of diverse perennial habitats as Miller
and Jones (1997) have reported. This species is a widespread pest in the winter and
spring wheat-growing areas of our study area, western and eastern Europe, western
Asia, northern Africa and south-central Asia (Bonnemaison, 1980; Burnett, 1984;
Borror et al., 1989; Miller, 1991; Remaudiere and Remaudiere, 1997), causing severe
crop losses in wheat monocultures. If it is true that habitat heterogeneity affects
negatively its activity densities, then it should be explored from an agronomy point of
view.

{Axes F1 and F2: 77,32 %)
0,8 -
Gmop .
04 FALLOW Ocoe| Ppun
— Ssac' * * cvio P.ser Cnem
= S ¢ Mcha  OAK FOREST
= GRASSLAND  Bere ” EEOTONE
< -1E-15 | ¢ P— e . ]
g CEREAL Peup * _ PLANTATIONS
o~ 0;,"‘:? . Zten ~ sphodrus sp.
A Moic T
Ccor
CORN
0.8
-1,6 -1,2 0.8 0.4 0 04 0,8 1,2
F1 (60,83 %)

Figure 4. Results of the correspondence analysis: spatial analysis of the species distribution
among the habitats. Species names are presented with abbreviations

Our results revealed strong seasonality, with significant differences occurring more
within than between the two beetle assemblages. According to other studies, variations
in community composition among different seasons are related to changes in
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temperature and humidity that affect activity (Moreno and Halffter, 2001; Romanuk and
Kolasa, 2001), seasonal variability in availability of food resources and habitat
productivity (Kaspari et al., 2000; Perner et al., 2005), prey availability and vegetation
presence (Dennis et al., 1994). In our study, early summer samplings (i.e. June) yielded
higher numbers of individuals for both assemblages than those carried out in late
summer or winter. Maximum activity density in summer followed by a considerable
decrease in late autumn has also been reported by Pinero and Avila (2004) and
Sackmann and Flores (2009). Thiele’s (1977) classic work suggested that the most
frequent carabid captures occur during the season of mating and reproduction. Total
activity density of individuals showed fluctuations within the main activity period of
beetles (May — July) (Fig. 2). Given that seasonal crops such as wheat are present only
for a few months possibly predatory ground beetles may serve as biological agents only
during these months. When the cereals are harvested in the middle of July, the adjacent
permanent vegetation, e.g. grasslands or fallow land, hosts abundant assemblages (Fig.
3). The presence of livestock and dung production across the study area during the
summer is of paramount importance for the dung beetles resulting in the enhancement
of their population (Romero-Alcaraz and Avila, 2000). In our study area, in late autumn
and early winter there are no grazing animals, as the herds are moving to lower
elevations, resulting in the significantly dung decrease and probably may affect dung
beetle population.

Our results pointed out that habitat heterogeneity had a positive effect on alpha
diversity of beetles, with significant variations among seasons. Our results demonstrated
that habitat type affected the diversity parameters examined for beetle assemblages,
while specific species characterized cereal fields, grasslands, ecotone and oak forest
according to the correspondence analysis. Specifically, grasslands and fallow land had
higher activity density and species richness of both assemblages in comparison to oak
forest. Similarly to our study, Wassmer (1995) showed that population densities of dung
beetles were higher in open areas, like pastures, than in the wooded areas, whereas da
Silva et al. (2008) reached the same conclusion for ground beetles in Portugal. It has
also been suggested that carabids dominate the most exposed habitats like agricultural
areas, where they usually find high food availability, caused by the heterogeneity of
vegetation (Niemeld, 1997), due to their high mobility and invasive ability (Larsen et
al., 2003). The low carabid richness of the forest probably suggests that fewer species
are adapted to relatively cool and dark forest habitats (Niemeld, 1993). In our
heterogeneous landscape, crops are the most disturbed habitat, due to the complete
removal of crop biomass at harvest. Forest is the least affected habitat by the removal of
plant biomass in terms of timber; fallow land, plantations and grasslands can be
considered intermediate disturbed habitats, falling between crops and forest, as in the
latter the vegetation cover is almost permanent, and frequently reduced due to the
livestock grazing. The existence of habitat diversity favors the coexistence of species in
the area that have different habitat preferences, leading to effective spatial separation of
them (Giller and Doube, 1994). On the contrary, some widely distributed species, such
as O. coenobita, have shown high plasticity in habitat preference across different
geographical areas, illustrating possible effects of climatic factors (Lumaret and Kirk,
1987; Wassmer, 1995).

Livestock raising and extensive agriculture should be carried out in such
mountainous areas and are strongly recommended in similar landscapes as they have
positive effects on the beetle fauna. Similar future studies on the effects of habitat types

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(3): 661-679.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: 10.15666/acer/1203_661679
© 2014, ALOKI Kft., Budapest, Hungary



Plexida et al.: The impact of human land use on the composition and richness of ground and dung beetle assemblages
-675 -

and elements configuration in different spatial and seasonal scales on the beetle fauna,
leading to targeted agricultural applications, should be implemented. In addition, biotic
factors such as the abundance of predators or prey should be explored to explain habitat
heterogeneity — species diversity relationships.

In conclusion, in this upland heterogeneous Mediterranean landscape, significant
differences in beetle richness and activity densities were revealed among different
seasons and habitats. A striking outcome is that agriculture, which creates habitat
heterogeneity in the landscape context, has rather positive effects on beetle diversity. It
is also demonstrated that less disturbed habitats, such as the young oak forest in our
study area, do not favor diversity. Another apparent outcome is that the estimated non
parametric indices performed well comparing to the observed richness, suggesting that
they could be used in biodiversity surveys avoiding cost-effective protocols.
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Abstract. ,,Heck® cattle (Bos taurus primigenius, 23 individuals) and Exmoor ponies (Equus ferus
caballus,11 individuals) were introduced in a 171 ha tract of forest and pasture. Time budgets of behavior
and habitat preferences were calculated. Horses showed significantly more grazing (p < 0.001), standing
(p < 0.01) and comfort behavior (p < 0.05) and more lying (p < 0.001) and relocation (p < 0.001) than
cattle. The overall preference indices (Chesson index) had positive values at both species in open pastures
(cattle 0,42 and horses 0.33) and for the edges of the wood (0.16, 0.13). The closed wood was avoided by
the cattle with -0.51 and horses with -0.57. The highest preference values based on feces dispersion were
+0.84 for the cattle in open pasture and +0.64 for the horses in the alder marsh. Both species showed the
highest habitat preferences for feeding in open pastures (0.81, 0.77) and for moving in edges of the
wooded areas (0.75, 0.69). Horses preferred the closed wooded area for resting (0.17). The median of the
daily distances walked was larger for cattle than for horses (p<0.001) but horses reached the larger
maximal distance per day (7018 m ) compared to cattle (6762 m).

Keywords: forest, herbivores, nature protection, time budgets, feces, walking distances

Introduction

Ungulate herbivores and spermatophytes including trees have co-evolved over long
periods of time and large herbivores show distinct adaptations to semi-open habitats
characterized by sparse woods. The natural vegetation is adapted in many ways to being
used as pasture. The former practice of pasturing in woodlands was based on the given
natural circumstances. It enabled domesticated animals to perform natural behavior in a
close to natural habitat. The domesticated grazers occupied the vacant ecological niches
of wild animals that had died out (aurochs, Bos primigenius, European bison Bison
bison, moose, Alces alces, and tarpan, Equus ferus) or become rare (red deer, Cervus
elaphus ) and played in so far a natural role as long as they were kept in moderate
density. Apart from being used as pasture, in the past, the forests have been used very
intensively for fire wood, collection of foliage and, in recent times, charcoal until the
rising demands of wood could not longer satisfied at the time of early industrialization.
Accordingly, between 1850 and 1880 the pasturing rights in Germany were reorganized
because of the conflicts between unnatural high grazing pressure of domesticated
animals and forestry which led to a separation between forestry and pasturing (Kiister
1998). Large areas were reforested and the grazers were restricted to open areas.
According to the Forest laws in Germany, it was strictly forbidden to keep domestic
animals like cattle and horses in forests. Due to this, the landscape has changed
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dramatically, and these unnatural forms of husbandry have existed until today. Recent
discussions about the aim and practice of nature conservation put in question this
separation and discuss the role and function of large herbivores, domestic or wild, for
natural development (Riecken et al. 2001). Under certain circumstances, herbivores may
favour habitat biodiversity (Zahn et al. 2007) but this depends between mainly on the
spatial and nutritional behavior of the animals. Since these species have not been kept
under such conditions, scientific analysis of their behavior and ecological function are
mainly lacking. Consequently the aim of the study was to analyze the general behavior
budgets and the habitat preferences of the two species in closed to natural population
densities. It was the question if under such conditions these species would develop a
behavior that cause such disturbances of wood development as assumed by most
foresters.

We tested the hypothesis, if these species generally prefer the closed wooded areas or
prefer the open pasture. A second question was, if these species use the different
vegetation units for feeding and resting differently, such as open areas for grazing or
woods for resting. In the following the question should be answered, if two herbivore
species, a ruminant and a non-ruminant roughage eater, in the same area would act as
competitors or as supplementary plant consumers. This would lead to the argument, if
single-species or mixed-species projects for nature conservation should be preferred.

Animals, Material and Methods
Project Area

As experimental area a tract of 171 ha of forest with shares of open space has been
used in the “Weserbergland” region in Lower Saxony. The area included 1lha open
range without woods and 160 ha of differing types of wood. Deciduous forests were
predominant (127.9 ha) and consisted of oaks (Quercus robur 107.4 ha), beech (Fagus
sylvatica), hornbeams (Carpinus betulus) and alder (Alnus glutinosa). Coniferous
forests (27.6 ha) consisted of spruce (Picea abies 23.3 ha), larch (Larix deciduas 4.7 ha)
and some Douglas forests (Pseudotsuga mensiesii, 0.