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High light availability offsets low naturalness regarding diversity
but cannot compensate for reduced ecological value: A case
study of near-natural forests and tree plantations in Serbia
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Abstract: In Eastern Europe, near-natural forest patches are decreasing and are gradually replaced by non-native planta-
tions. Tree plantations are commonly thought to be simple ecosystems with low conservation value, although this conclu-
sion is mainly based on simple taxonomic diversity indices, which ignore functional and phylogenetic diversity. In this study,
our objective was to compare species composition, diagnostic species, taxonomic, functional, and phylogenetic diversity,
as well as naturalness status between two near-natural forest types (Quercus-Tilia and Populus alba) and two common plan-
tation types (non-native Pinus sylvestris and non-native Robinia pseudoacacia) in the Deliblato Sands, Serbia. Our results
showed that the species composition significantly differed in the four habitats. Each habitat had some species that were
significantly concentrated in them. Most of the diagnostic species in the Quercus-Tilia forests were forest specialist plant
species, while those in Populus alba forests were species associated with warmer and drier habitats, whereas the plantations
hosted diagnostic species with broader ecological tolerances. Native species richness, total species diversity, and functional
and phylogenetic diversity were similar in the four studied habitats, which can be explained by the combined effects of light
regime and naturalness. We assessed low naturalness (i.e. high degradation) in plantations, which can be expected to reduce
diversity. However, higher light availability was probably able to compensate for this effect. Non-native plantations, especial-
ly Robinia pseudoacacia plantations, were the most degraded and hosted the highest non-native species richness, implying
that they are ecologically undesirable. In light of our results, we suggest that near-natural forest stands should be protected
and efforts to restore these forests should be given high priority. Furthermore, it is advisable to continue with a forestry
strategy that involves replacing non-native plantations with native ones, such as Tilia tomentosa, in the Deliblato Sands.
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Tree plantations are expanding worldwide,
as they provide economic benefits and may also
address imminent environmental challenges such
as climate change and the decline of biodiver-
sity (FAO 2022). While the replacement of native
plants with plantations generally leads to a decline
in local biodiversity, planting trees on degraded,
abandoned, or agricultural land can substantially
increase opportunities for biodiversity conserva-
tion (Chapman, Chapman 1999; Pawson et al. 2013;
Tomaz et al. 2013; Tolgyesi et al. 2022). Tree plan-
tations (i.e. intensively managed planted forests)
covered approximately 3% of the global forest area,
or 131 million ha, in 2020 (FAO 2022). Meanwhile,
according to Forest Europe (2020), tree plantations
occupy ca. 3.8% of the forested land in Europe,
and 52.8% of them are non-native tree plantations.

Despite occupying a relatively minor fraction
of the world's landscape, tree plantations belong
to the most controversial topics related to forest sus-
tainability and biodiversity conservation (Pawson
et al. 2013). Plantations are recognised as 'biologi-
cal deserts' (Stephens, Wagner 2007). For exam-
ple, tree plantations have a low conservation value
(Sibikova et al. 2019; Ho et al. 2023a) and they are
known as hotspots of plant invasion in the landscape
(Csecserits et al. 2016). In addition, they may have
negative impacts on ecosystem services (e.g. re-
duced shelter and food supply for fauna, loss of lo-
cal and regional water balance) (Santos et al. 2017;
Tolgyesi et al. 2020; Ho et al. 2023a). The unfa-
vourable view of tree plantations is at times justi-
fied, but it should not be applied to all plantations.
A growing body of evidence shows that planta-
tions provide many ecosystem services (e.g. carbon
sequestration, phytoremediation, as well as soil
and water stabilisation) (Albert et al. 2021; Hynes
et al. 2021; Xi et al. 2021), can provide habitats for
protected, endemic, and red-listed plant species
(Bremer, Farley 2010; Horak et al. 2019), and may
increase the connectivity of landscape mosaics
for conservation efforts (Kanninen 2010).

Understory vegetation is crucial for biodiver-
sity conservation, as it harbours over 80% of the
plant species found within a forest community
(Gilliam 2007). Also, it plays an important role
in ecological functions or processes (Landuyt
et al. 2019). For instance, understory plants pro-
vide habitat (e.g. hiding and nesting place) and
foraging material for many species (Gilliam 2007;
Beason et al. 2020). However, understory veg-
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etation is strongly impacted by the composition
and structure of the overstory, leading to dif-
ferences in abiotic conditions such as tempera-
ture, light, pH, and nutrients on the soil surface
among various canopy types (Slabejovd et al. 2019;
Mikulovd et al. 2019). It is therefore necessary to as-
sess the influence of dominant tree species on the
structure and composition of understory species,
as the resulting knowledge may contribute to bet-
ter management practice to enhance biodiversity
as well as the plantation ecological functions
and services. Many studies show that monocul-
ture plantations have fewer understory species
than near-natural forests (Brockerhoff et al. 2008;
Sobuj, Rahman 2011; Calvino-Cancela et al. 2012;
Rédei et al. 2020). This pattern, however, may
not hold true under all circumstances. Slabejova
et al. (2019), for example, found that black locust
plantations had higher understory species richness
than oak-hornbeam forests and did not differ in the
understory species number compared to floodplain
forests and oak forests.

Apart from taxonomic diversity, functional diver-
sity (i.e. the variability in functional traits among
organisms) and phylogenetic diversity (i.e. the di-
versity in evolutionary lineages within a commu-
nity) represent additional facets of biodiversity.
These dimensions provide valuable insights into
ecosystem processes, productivity, dynamics, sta-
bility, and the provisioning of ecosystem services
(Scherer-Lorenzen 2008; Cadotte et al. 2011; Flynn
et al. 2011). Although high taxonomic diversity
is sometimes associated with high functional and
phylogenetic diversity in plants (Cadotte et al. 2009;
Selvi et al. 2016) and several other taxa (Jacoboski
et al. 2016; Junggebauer et al. 2021), the situation
is not so simple in most cases (Doxa et al. 2020; Erd6s
et al. 2023; Ho et al. 2023b).

In the Pannonian biogeographical region,
the area of natural/near-natural forests is declining
partly because they are replaced with plantations
of Pinus nigra, P. sylvestris, Robinia pseudoacacia,
and different Populus species (Molnar et al. 2012).
However, the knowledge how abiotic conditions,
species composition, conservation value, and vari-
ous aspects of biodiversity (taxonomic, functional,
and phylogenetic diversity) differ between near-
natural forests and different types of tree plan-
tations is still extremely limited. In this study,
we aimed to reveal how the above characteris-
tics vary between near-natural forests and three
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common types of plantations (native deciduous,
non-native evergreen, and non-native decidu-
ous) in the southern part of the Pannonian region.
The following questions were asked: (i) How do abi-
otic parameters differ between the near-natural
forests and different plantations, as indicated
by ecological indicator values? (if) Does the spe-
cies composition of near-natural forests differ from
plantations? (iii) Does taxonomic, functional, and
phylogenetic diversity of near-natural forests differ
from that of plantations? (iv) How does the natural-
ness of the near-natural forest stands and the plan-
tation types differ?

MATERIAL AND METHODS

Study area. The Deliblato Sands, the larg-
est sand-covered region in Serbia, is located
in southern Banat between the Danube River and
the southwestern slopes of the Carpathian Moun-
tains (Figure 1A). Its area is approximately 340 km?,
with a length of around 35 km and a width of 11 km
(Kadovic et al. 2016). It has a moderate continental
climate, with a mean annual temperature of 12.5 °C
and precipitation of 664 mm (Cuk et al. 2023).
This region is made up of aeolian sand dunes, fea-
turing sandy soils poor in humus and possessing
limited water retention capacity (Sipos et al. 2022).

The natural vegetation of the study area is a for-
est-steppe, i.e. a mosaic of Quercus-Tilia forests and
grasslands in a large part of the area, and a mosaic
of Populus and Quercus forests and grasslands
in the southernmost parts, near the Danube Riv-
er (Parabuéski 1980; Butorac, Panjkovi¢ 2013).
Quercus-Tilia forest stands (Querco-Tilietum
tomentosae) are co-dominated by 15-25m tall
Tilia tomentosa and Quercus robur individuals, with
a canopy cover of 60—100% (Figure 1B). The shrub
layer, with a cover of 30-90% and a height of 1-5 m,
is primarily composed of Cornus sanguinea, Ligus-
trum vulgare, Lonicera xylosteum, and Rhamnus
cathartica. The herb layer is mainly characterised
by Alliaria petiolata, Corydalis solida, Veronica
hederifolia, and Viola suavis.

Populus alba forests in this area usually have
a canopy cover of 30-70% (Figure 1C). The shrub
layer, with a cover of 30-70%, is characterised by Ju-
niperus communis, Ligustrum vulgare, Berberis
vulgaris, and Prunus mahaleb. The herb layer is typ-
ically composed of Brachypodium sylvaticum, Carex
liparocarpos, Festuca rupicola, and Poa angustifolia.

This forest type is highly fragmented, and the size
of individual forest patches is quite small.

We classified the remnants of Quercus-Tilia
forests and white poplar (Populus alba) forests
as near-natural forests because they occur natu-
rally in legally protected areas, are dominated
by native species, and show no visible signs of re-
cent human intervention. Historically, the near-
natural forest area has shrunk dramatically.
Currently, Quercus-Tilia forests are mostly con-
centrated in the central part of the Deliblato spe-
cial nature reserve, while Populus alba forests
occur only in the south-eastern part of the reserve
(Cuk et al. 2023).

Afforestation efforts in the Deliblato Sands be-
gan in 1818 and are still going on (Cuk et al. 2023).
Consequently, the landscape of this area is now
characterised by extensive tree plantations, pri-
marily composed of the non-native deciduous
black locust (Robinia pseudoacacia) and the non-
native evergreen Scots pine (Pinus sylvestris) mixed
with Austrian pine (Pinus nigra) (Cuk et al. 2023).

Pinus sylvestris plantations commonly feature
canopy covers ranging between 30% and 80% (Fig-
ure 1D). The shrub layer has a cover of 10-80%,
with some common species such as Celtis aus-
tralis, Crataegus monogyna, Ligustrum vulgare,
and Lonicera xylosteum. The most common spe-
cies in the herb layer include Brachypodium syl-
vaticum, Geum urbanum, Erigeron annuus, and
Teucrium chamaedrys. The first Pinus plantations
in the Deliblato Sands were established during
the 19" century, but large areas were planted only
after World War Two, and the majority of the Pinus
stands originate from the 1970s.

Robinia pseudoacacia plantations typically ex-
hibit an overall canopy coverage ranging approxi-
mately from 60% to 90% (Figure 1E). The shrub
layer, with a cover of 40-80%, includes species
such as Berberis vulgaris, Cornus sanguinea,
Crataegus monogyna, and Ligustrum vulgare.
The dominant species in the herb layer is Bromus
sterilis. Other common species are Alliaria petiola-
ta, Chelidonium majus, Geum urbanum, and Poly-
gonatum biflorum. Robinia was introduced into the
Deliblato Sands in the 19" century, and the large-
scale application of the species gained momentum
in the 20* century.

Currently, neither Pinus nor Robinia plantations
are managed, except for the removal of the trees
when they reach an appropriate age.
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Figure 1. (A) Location of Serbia (blue) in Europe and the Deliblato Sands in Serbia (red square), (B) Quercus-Tilia forests,

(C) Populus alba forests, (D) Pinus sylvestris plantations, (E) Robinia pseudoacacia plantations

Plant species nomenclature is based on the Plant
List (2013), while plant association names follow
Cuk (2019).

Sampling design. We sampled four habi-
tats: Quercus-Tilia forests, Populus alba for-
ests, plantations of the non-native evergreen
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Pinus sylvestris, and plantations of the non-na-
tive deciduous Robinia pseudoacacia. Mature
Quercus-Tilia and Populus alba forests and even-
aged tree plantations with a diameter at breast
height (DBH) exceeding 10 cm were selected
to sample vegetation.


https://jfs.agriculturejournals.cz/

Journal of Forest Science, 71, 2025 (1): 23-39

Original Paper

https://doi.org/10.17221/59/2024-JES

We used 10 m x 10 m plots for the identification
of all vascular plant species, visually estimating
their cover according to the Braun-Blanquet cover-
abundance scale. Ten study plots were established
randomly in each of the four habitats (40 plots
in total). We classified vegetation into three lay-
ers: canopy layer (trees exceeding 5 m in height),
shrub layer (woody plants with a height less than
5 m), and herb layer (herbaceous and small woody
plants - such as tree seedlings, saplings, shrubs, and
woody vines — measuring less than 0.5 m in height).
However, only the shrub and herb layers were in-
cluded in the analyses in this study. Two unidenti-
fied taxa (Ornithogalum sp. and Prunus sp.), neither
of which appeared in > 1 of the 40 plots, were ex-
cluded from the functional and phylogenetic diver-
sity, as well as naturalness and ecological indicator
value analyses.

Data analysis. For those analyses that required
cover data, the Braun-Blanquet scores were trans-
formed to cover values according to Tiixen and El-
lenberg (1937) (Table 1).

To reveal the differences in species composition
across the four habitats, non-metric multidimen-
sional scaling (NMDS) was performed using the
Bray-Curtis dissimilarity on the square-root trans-
formed cover percentages. As overlaps were detect-
edinthe ordination space, we applied permutational
multivariate analysis of variance (PERMANOVA)
with 999 permutations to confirm compositional
distinctness between the habitats. The NMDS
was conducted with the 'metaMDS' function, and
the PERMANOVA analysis was carried out us-
ing the 'adonis2' function, both of which are avail-
able in the vegan package of R (Version 4.3.2;
Oksanen et al. 2022; R Core Team 2023). If the
PERMANOVA test showed a significant difference
with a p-value lower than 0.05, the pairwise com-
parisons were employed using the 'pairwise.adonis'
function in the funfuns package and P-values were

Table 1. Braun-Blanquet cover-abundance scores are
converted into percentage cover values

Braun-Blanquet value Cover value (%)
r/+ 0.1
2.5
15.0
37.5
62.5
87.5

[Sa R O S

manually adjusted by the false discovery rate (FDR)
method (Trachsel 2022).

To identify the species that prefer one spe-
cific habitat and are absent or rare in the others,
we computed phi-coefficients as fidelity indicators
for the species of each habitat (Chytry et al. 2002).
We considered a species diagnostic for a particu-
lar habitat when its phi value was larger than 0.2.
Fisher's exact test (P < 0.05) was applied to reveal
significant diagnostic species. The analysis was
done using JUICE (Version 7.1.30, 2020). In addi-
tion, we also added to each species its coenological
preference according to Borhidi (1995).

In this study, the total species diversity per plot
(evaluated using the Shannon diversity index)
was computed by means of the 'diversity' function
of the R vegan package (Oksanen et al. 2022), while
the number of native and non-native species was
also counted for each plot.

To calculate functional diversity (FD) in each
plot, we used Rao's quadratic entropy (RaoQ)
as it is a robust measure of functional diversity
(Botta-Dukat 2005; Ricotta 2005). The overall func-
tional diversity per plot was calculated by com-
bining nine functional traits: flowering start,
flowering duration, specific leaf area (SLA), mean
plant height, thousand seed mass, life form, seed
dispersal, pollination type, and reproduction type
[Table S1 in the Electronic Supplementary Material
(ESM)]. SLA, mean plant height, and thousand seed
mass were included due to their significant ecologi-
cal relevance (Westoby 1998), whereas the other
traits reflect essential ecosystem functions (see
Weiher et al. 1999). As the quantitative traits were
less normally distributed, logarithmic transforma-
tion was applied to flowering duration, SLA, plant
height, and thousand seed mass prior to FD analy-
sis to improve normality. We used the 'gawdis' func-
tion of the gawdis package in R to compute species
dissimilarity because of its ability to address the
challenge of unbalanced contributions from multi-
ple traits and even traits encoded with fuzzy coding
(de Bello et al. 2021a).

We also used Rao's quadratic entropy to reveal
phylogenetic diversity (PD), allowing us to com-
pare phylogenetic and functional diversity within
the same conceptual and mathematical framework
(Jucker et al. 2013; Swenson 2014; de Bello
et al. 2021b). We used the 'phylo.maker’ function
of the V.PhyloMaker2 package in R (Version 4.3.2)
to construct the phylogeny of 167 species found
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in our study from a 365 198-species mega-tree un-
der scenario 3, in which undetermined species were
assigned to their closest relatives (Jin, Qian 2022).
The final phylogenetic tree is shown in Figure S1
in the ESM. After that, the 'cophenetic' function
of the picante package in R was employed to cal-
culate the matrix of phylogenetic distances (Kem-
bel et al. 2010). Finally, the 'rao.diversity' function
of the SYNCSA package was applied in order
to compute RaoQ for both functional and phyloge-
netic diversity (Debastiani, Pillar 2012).

To account for the potential impact of species
richness on RaoQ and to assess whether habi-
tats demonstrated functional and phylogenetic
over- or underdispersion, the standardised effect
size of RaoQ (SES.RaoQ) was calculated using the
equation: (observed RaoQ value —mean expect-
ed RaoQ values)/standard deviation of expected
RaoQ values (de Bello et al. 2021b). The species
labels in the trait matrix were permuted through
999 randomisations to generate null models for
functional indices, following the R code provided
by de Bello et al. (2021b). Meanwhile, null mod-
els for phylogenetic indices were created by rear-
ranging the species names in the phylogeny, using
the R code outlined in Swenson (2014). Positive
SES values indicate overdispersion or divergence,
implying that the species are more distant than
expected by chance. In contrast, negative SES val-
ues indicate underdispersion or clustering, which
implies that the species are closer than expected
by chance. The statistical significance of observed
SES values compared to null expectation SES val-
ues was determined using the two-sided Wilcox-
on signed-rank test (Bernard-Verdier et al. 2012;
Nooten et al. 2021).

In this study, abiotic parameters [temperature,
soil moisture, soil nutrients, soil reaction (pH),
and light intensity] were determined using spe-
cies ecological indicator values derived from
the presence/absence data for each plot. The eco-
logical indicator values were extracted from
Borhidi (1995). Despite the frequent criticism of us-
ing the mean indicator values, they appear to per-
form well in ecological analyses and have a robust
theoretical foundation (Persson 1981; Ter Braak,
Gremmen 1987; Diekmann 2003). A wide range
of earlier studies showed that the ecological indica-
tor values can provide reliable estimates of abiotic
variables (Dzwonko 2001; Fanelli et al. 2007; Szy-
mura et al. 2014; Scherrer, Guisan 2019).
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We wused the naturalness indicator values
of Borhidi (1995) to determine the degree of nat-
uralness in the habitats (i.e. their position along
the natural degradation continuum). The approach
is similar to the ecological indicator values and has
been increasingly applied in the Pannonian region
(Erdés et al. 2017, 2018, 2022; Ho et al. 2023a).
It relies on the varying tolerances of different plant
species to degradation, with some species favour-
ing natural or near-natural habitats and others
exhibiting tolerance towards, or even benefitting
from degradation (Erd8s et al. 2022). Species as-
sociated with natural habitats are assigned high
scores, while those affiliated with degraded areas
receive low scores. The unweighted mean natural-
ness value was computed for each plot.

The number of non-native and native species,
total species diversity (Shannon diversity), func-
tional and phylogenetic diversity, as well as mean
ecological indicator and naturalness values were
tested for normal distribution and variance homo-
geneity using the Shapiro-Wilk normality test and
the Bartlett test. We compared functional diver-
sity, the mean ecological indicator values for soil
reaction (pH), and the mean naturalness index be-
tween different habitats by one-way ANOVA and
subsequent Tukey's HSD post hoc test. Regarding
the other indices, since the assumptions of analysis
of variance were not met, we used the non-para-
metric Kruskal-Wallis test to determine the signifi-
cant differences between four habitat types using
the 'kruskal.test' function in R. If this test revealed
a significant proportion of variability, pairwise
comparisons between habitat types were conduct-
ed, with P-values adjusted using the false discov-
ery rate (FDR) method via the "pairwise.wilcox.test'
function. A significance level of 0.05 was chosen,
and P-values equal to or lower than this value were
considered statistically significant.

RESULTS

According to the NMDS ordination, Quercus-
Tilia forests, Populus forests, and Robinia planta-
tions constituted three well-distinguishable groups
(Figure 2). Although they had some overlaps with
Pinus plantations, the PERMANOVA test showed
a significant difference between the habitats
(F=4.547, P < 0.001, R?* = 0.275). Significant habitat
differences were detected in all pairwise compari-
sons (P < 0.05) (Table S2 in the ESM).
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Figure 2. NMDS ordination scattergram of 40 plots

NMDS - non-metric multidimensional scaling; NF — Quercus-Tilia forests; PA — Populus alba forests; PP — Pinus sylvestris

plantations; RP — Robinia pseudoacacia plantations; stress = 0.224

The habitat type did not have a significant ef-
fect on the mean ecological indicator values
for temperature (x> = 0.638, P = 0.888), but
it considerably influenced those for soil moisture
(x* = 11.1, P = 0.011), soil nutrients (x> = 20.9,
P <0.001), pH (F = 3.785, P = 0.019), and light avail-
ability (x> = 27.5, P < 0.001) (Figure 3). According
to the pairwise comparisons (Figure 3; Table S3
in the ESM), the mean ecological indicator val-
ues for soil moisture were the highest in Quercus-
Tilia forests and Robinia plantations, and the lowest
in Populus forests (Figure 3B). The plantations
of Pinus sylvestris showed intermediate values. Re-
garding the soil nutrient content, Robinia planta-
tions had the highest ecological indicator values,
although they did not differ significantly from
Quercus-Tilia forests (Figure 3C). The Populus
alba fragments had the lowest mean ecological in-
dicator values for soil nutrients but they were not
notably different from Pinus plantations. The mean
ecological values for soil reaction (pH) showed that
Populus alba forests had the highest, while Robinia
plantations had the lowest values (Figure 3D). Al-

though Quercus-Tilia forests and Pinus plantations
showed intermediate values, the box plot revealed
a somewhat low soil pH value for Pinus plantations.
By removing the single outlier from the Pinus sylve-
stris plantation, this habitat exhibited significantly
lower mean ecological indicator values for pH than
all other habitats (Figure S2 in the ESM). The mean
ecological indicator values for light availability
were the highest in Populus forests, and the lowest
in Quercus-Tilia forests, while they were interme-
diate in Pinus and Robinia plantations (Figure 3E).

The list of diagnostic species associated with
the four habitats is shown in Table 2. Quercus-Tilia
forestshad 11 diagnostic species, most of which were
typical species of mesicand dry forests (e.g. Clematis
vitalba, Corydalis solida, and Polygonatum odo-
ratum). Populus forests contained 16 diagnostic
species, most of which were typical species of dry
forests and dry grasslands, and some were indiffer-
ent species (e.g. Carex liparocarpos, Gagea praten-
sis, and Juniperus communis). Pinus plantations had
only 4 diagnostic species, two of which were indif-
ferent (Brachypodium sylvaticum and Taraxacum
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Figure 3. Mean ecological indicator values for (A) temperature, (B) soil moisture, (C) soil nutrient, (D) soil reaction (pH),

and (E) light availability for the studied habitats

a—c — significant differences (P < 0.05); NF — Quercus-Tilia forests; PA — Populus alba forests; PP — Pinus sylvestris planta-

tions; RP — Robinia pseudoacacia plantations; T-value — ecological indicator for temperature; W-value — ecological indicator

for soil moisture; N-value — ecological indicator for soil nutrient content; R-value — ecological indicator for soil reaction;

L-value — ecological indicator for light availability

campylodes) and one was a weed (Lactuca serriola).
Robinia plantations had 13 diagnostic species with
various coenological preferences (e.g. Bromus
sterilis, Chelidonium majus, and Viola hirta).

The habitat type significantly influenced the num-
ber of non-native species (x> = 14.5, P = 0.002),
but it did not affect the number of native species
(x* = 0.750, P = 0.861) and total species diver-
sity (Shannon diversity) (x> = 7.105, P = 0.069)
(Figure 4). Considering the pairwise compari-
sons (Table S3 in the ESM), the number of non-
native species was the lowest in Populus forests,
although it did not significantly differ from that
of the Quercus-Tilia forests. The number of non-
native species of Quercus-Tilia forests was signifi-
cantly lower than that of the Robinia plantations
(P =0.033) and marginally lower than that of the Pi-
nus plantations (P = 0.063).
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Although the habitat type had no significant ef-
fect on phylogenetic diversity (x> = 5.527, P = 0.137)
and functional diversity (F = 1.894, P = 0.148),
phylogenetic and functional diversity appeared
to be somewhat higher in Populus alba forests than
in the other habitats (Figure 4D, E). Quercus-Tilia
forests were phylogenetically and functionally un-
derdispersed, while Populus forests were not sig-
nificantly different from the null model expectation
(Table S4 in the ESM). Non-native tree plantations
showed functional underdispersion, but phyloge-
netically random patterns (Table S4 in the ESM).

The habitat type significantly affected the natu-
ralness value (F = 10.3, P < 0.001). The mean nat-
uralness value was the highest in Quercus-Tilia
forests, the lowest in Robinia pseudoacacia plan-
tations, and intermediate in the other two habitats
(Figure 4F; Table S3 in the ESM).
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Table 2. Significant diagnostic species of the four habitats with phi coefficients > 0.200, and their coenological preferences

Species NF PA PP RP Coenological preferences
Alliaria petiolate 31.8* - - 31.8* indifferent
Clematis vitalba 36.3* - - - mesic forests
Corydalis solida 73.9%#* - - - mesic forests
Euonymus europaeus 39.9* - - - mesic forests
Fritillaria montana 50.5* - - - dry forests
Lonicera xylosteum 60.3%** - - - mesic forests
Polygonatum odoratum 47.5%* - - - dry forests
Tilia tomentosa 41.6* - - - mesic forests
Veronica hederifolia 41.6* - - - weed communities
Viburnum lantana 64.1%** - - - dry forests
Viola suavis 64.1%** - - - dry forests
Carex hirta - 47.5%* - - indifferent
Carex liparocarpos - 57.9%** - - dry grasslands
Equisetum ramosissimum - 50.5* - - dry grasslands
Eryngium campestre - 47.5%* - - indifferent
Euphorbia cyparissias - 36.2% - - indifferent
Festuca rupicola - 64.1%** - - dry grasslands
Gagea pratensis - 59.0%** - - dry forests
Juniperus communis - 36.2* - - indifferent
Lamium purpureum - 37.9*% - - weed communities
Poa angustifolia - 73.9%** - - indifferent
Populus alba - 47.5%* - - dry forests
Prunus mahaleb - 39.9* - - dry forests
Seseli annuum - 37.9* - - dry grasslands
Taraxacum erythrospermum - 48.1** - - dry grasslands
Tragopogon orientalis - 50.5* - - indifferent
Vicia sativa ssp. nigra - 66.7%** - - indifferent
Brachypodium sylvaticum - - 31.8* - indifferent
Celtis australis - - 35.6* 35.6* dry forests
Lactuca serriola - - 37.9* - weed communities
Taraxacum campylodes - - 50.5% - indifferent
Ailanthus altissima - - - 50.5* indifferent
Alyssum tortuosum - - - 50.5% dry grasslands
Bromus sterilis - - - 63.2%** indifferent
Chelidonium majus - - - 63.27%** weed communities
Cornus sanguinea - - - 33.0%* indifferent
Crataegus monogyna - - - 38.6™* scrubs
Geum urbanum - - - 34.8% scrubs
Glechoma hederacea - - - 59.0%* indifferent
Poa pratensis - - - 50.5* mesic grasslands
Polygonatum biflorum - - - 41.6* mesic forests
Robinia pseudoacacia - - - 45.6** indifferent
Viola hirta - - - 47.5** mesic forests

*P < 0.05; **P < 0.01; ***P < 0.001; NF — Quercus-Tilia forests; PA — Populus alba forests; PP — Pinus sylvestris plantations;
RP - Robinia pseudoacacia plantations
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Figure 4. (A) Native species richness, (B) non-native species richness, (C) total species diversity evaluated by the Shan-
non diversity index, (D) phylogenetic diversity, (E) functional diversity, and (F) the mean naturalness values of the four
habitat types

a—c — significant differences (P < 0.05); NF — Quercus-Tilia forests; PA — Populus alba forests; PP — Pinus sylvestris planta-
tions; RP — Robinia pseudoacacia plantations; RaoQ — Rao's quadratic entropy; SES.RaoQ — standardised effect size of Rao's
quadratic entropy; ns — non-significant differences between observed SES.RaoQ values and the null model expectation

(two-sided Wilcoxon signed rank test); negative SES (standardised effect size) values indicate trait underdispersion, posi-

tive values indicate trait overdispersion

DISCUSSION

Abiotic conditions and species composition.
Our results indicated that most of the abiotic pa-
rameters differed markedly between various habi-
tats, which may partly be explained by the effects
dominant tree species exerted on their environ-
ment. For example, canopy openness seems to in-
fluence both light availability and soil moisture.
Particularly, small Populus alba forest fragments,
with the most open canopy (Table S5 in the ESM),
experienced the highest light availability but the
lowest soil moisture levels. In contrast, Quercus-
Tilia forests, with their dense canopy, had low
light conditions and high soil moisture levels. Ro-
binia plantations, with their nitrogen-fixing ability,
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showed increased soil nitrogen levels (Slabejova
et al. 2019; Nicolescu et al. 2020), which was also
confirmed by our results. Pinus plantations have
a thick litter layer that decomposes slowly and in-
creases soil acidity (Kovac et al. 2005; Lindroos
et al. 2011; Mikulov4 et al. 2019). The phenomenon
seems to be true in our study when one outlier val-
ue was excluded from the analysis. Although most
abiotic variables were largely different between
the various habitat types, temperature was simi-
lar in the four habitats. One potential explanation
is that the ecological indicator values for tempera-
ture reflect the latitudinal and altitudinal distribu-
tion of the species (Borhidi 1995), which means
that these values indicate coarse-scale distribution.
Thus, indicator values for temperature are effec-
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tive at finer scales only when there is a large differ-
ence between the habitats, which was not probably
the case in our study. Another possible explanation
for the lack of significant differences in tempera-
ture values may be that even open-canopied forests
are able to maintain the relatively cold tempera-
ture, as shown by Ho et al. (2024).

The NMDS results revealed that the species com-
position showed significant differences between
the four habitats, although some overlaps were
observed between Pinus plantations and the other
habitats (Figure 2). The differences in composi-
tion may partly be driven by dominant tree spe-
cies, as they shape abiotic conditions (Figure 3).
Apart from the dominant tree species, forestry
practices may also lead to compositional distinct-
ness between native forests and tree plantations:
mechanical site preparation causes significant soil
disturbance and topsoil removal and leads to a scar-
city of propagules and a reduced colonisation ca-
pacity for forest-related species, while understory
plants are removed through weeding operations
(Onyekwelu, Olabiwonnu 2016; Rédei et al. 2020).
Although plantations are not currently managed
actively, the legacy from earlier management may
still influence the present species composition.
Our results confirmed that tree plantations cannot
replace the species composition of native forests,
which is in line with other studies in the Pannon-
ian region (Slabejova et al. 2019; Ho et al. 2023a)
and Western Europe (Calvino-Cancela et al. 2012).
The third possible reason underlying composition-
al differences is provided by the differences in pri-
mary abiotic environmental factors (i.e. not evoked
by the vegetation itself). The soil type is the same
in all habitat types included in this study, but minor
differences in selected soil parameters may be pos-
sible. Unfortunately, no measurements were car-
ried out in this respect during our works. Almost
all plots were prepared on flat or nearly flat surfac-
es, but there were slight differences regarding the
elevation range of the four habitats (Quercus-Tilia
forests: 140—170 m; Populus forests: 40—90 m; Pi-
nus plantations: 70-175 m; Robinia plantations:
150-175 m). Although we think these differences
could have only a very limited influence on spe-
cies composition, these effects cannot be ruled
out completely and detailed environmental studies
should be done in future.

The analyses of diagnostic species indicated that
all habitats had their own species that were rare

or absent elsewhere (Table 2). Most diagnostic spe-
cies in the Quercus-Tilia forests were forest special-
ists, while plantations hosted diagnostic species
with broader ecological tolerances. This indicates
that forestry activities create disturbances that are
not suitable for the survival of forest-related spe-
cies. In addition, low light conditions and high soil
moisture of Quercus-Tilia forest favoured mesic for-
est species (e.g. Clematis vitalba, Corydalis solida,
Lonicera xylosteum, and Viola suavis). In our study,
Fritillaria montana was restricted to Quercus-Tilia
forests and it did not occur in any of the planta-
tions. This species is legally protected and relatively
rare in Serbia (Tomovi¢ et al. 2007). In addition, the
populations of Fritillaria montana in the Deliblato
Sands have some special morphological character-
istics compared to other populations; thus, they
may represent a unique genetic value.

Due to high light availability and low soil mois-
ture, Populus forests hosted diagnostic species as-
sociated with warmer and drier habitats, among
them many species that are usually considered
grassland specialists (e.g. Carex liparocarpos, Equi-
setum ramosissimum, Festuca rupicola, Seseli an-
nuum, and Taraxacum erythrospermum).

Pinus plantations had the lowest number of di-
agnostic species, most of which were indifferent
or weed species. The low number of diagnostic
species is in line with the result of the NMDS,
which indicated large compositional overlaps with
the other habitats (Figure 2). The diagnostic spe-
cies of Robinia plantations were quite variable,
with species typical of mesic forests, scrubs, mesic
or dry grasslands, and even indifferent species. This
may be related to certain biological characteristics
of Robinia pseudoacacia. For example, the leaf ex-
pansion of Robinia pseudoacacia typically occurs
rather late (from the end of April to early May)
(Cierjacks et al. 2013), leading to abiotic conditions
(light, temperature, and humidity) that are likely
similar to grasslands during the spring months.
However, once the canopy becomes fully leafy, the
abiotic conditions tend to resemble those of for-
ests. In addition, nutrient-demanding diagnostic
species such as Ailanthus altissima, Chelidonium
majus, Geum urbanum, and Glechoma hederacea
were present, which is likely related to the nitro-
gen-fixing capability of Robinia pseudoacacia. This
may contribute to the ability of R. pseudoacacia
to create specific plant communities with distinct
species compositions (Chytry 2013).
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Naturalness and diversity patterns. Our find-
ings revealed that Quercus-Tilia forests had sig-
nificantly higher naturalness compared to tree
plantations, implying that these forests were the
least degraded and disturbed, which indicates
a high level of ecological integrity. Tree plantations,
especially Robinia plantations, on the other hand,
showed significant degradation and disturbance,
highlighting the severity of management practices
in these ecosystems, accompanied by the effects
of the planted trees themselves. Similar results were
found in a Hungarian sandy region (Ho et al. 2023a).
Also, low naturalness was reported from Pinus ni-
gra plantations compared to neighbouring dry oak
forests in southern Hungary and from hybrid Poplar
plantations compared to adjacent native poplar for-
ests in southwestern Slovakia (Erdés et al. 2017).

The richness of non-native species was high in the
two non-native tree plantation types, indicating that
non-native tree plantations are ecologically danger-
ous because they support the spread of non-natives.
Csecserits et al. (2016) showed that plantations
of both native and non-native trees can become in-
vasion hotspots. Our results complement these find-
ings and emphasise that plantations of non-native
tree species may be particularly dangerous from this
aspect. Similarly, previous studies in a Hungarian
sandy region found that non-native tree plantations
had a higher number of non-native species than near-
natural forests (Rédei et al. 2020; Ho et al. 2023a).
Another study, conducted on a wider scale spanning
five nations (Czech Republic, Slovakia, Hungary,
Romania, and Ukraine), revealed that Robinia plan-
tations exhibited a higher alien species richness than
three types of natural forests (floodplain forests,
oak forests, and oak-hornbeam forests) (Slabejo-
va et al. 2019). One of the most important findings
in our study was that the two near-natural forest
types had fewer non-native species than Pinus
plantations and Robinia plantations. This reinforc-
es the conservation perspective of Bremer and Far-
ley (2010) suggesting that forests are more valuable
than tree plantations. Several other studies in the
Pannonian region also show that near-natural for-
ests have a higher ecological value than planta-
tions, including a higher number of forest specialist
plants (Rédei et al. 2020) and a higher diversity
of bird species in comparison with both native and
non-native tree plantations (Onodi et al. 2022).

The overwhelming majority of earlier research
shows that plantations are typically species-poor
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compared to forests (Brockerhoff et al. 2008; Sobuj,
Rahman 2011; Calvifio-Cancela et al. 2012; Rédei
et al. 2020; Ho et al. 2023a). Our study, however,
contradicted the preceding findings: the num-
ber of native species did not differ significantly
between near-natural forests and the plantation
types. This can be explained in relation to anthro-
pogenic disturbance and the light regime. For-
est specialist species are often sensitive to habitat
management practices (Brunet et al. 2011; Rédei
et al. 2020). Therefore, Quercus-Tilia forests with-
out anthropogenic disturbance had favourable con-
ditions for the existence and development of forest
specialists. However, these forest stands had low
light intensity due to the closed canopy, leading
to intense competition between plant species for
light. This competition results in the dominance
of shade-tolerant species, potentially suppressing
light-dependent species. Plantations, on the other
hand, were disturbed habitats due to human activ-
ity; thus, disturbance-tolerant generalists, weeds,
or dry grassland species can colonise and replace
forest specialists in plantations (Fried et al. 2010;
Rédei et al. 2020). This may lead to a balance of the
number of native species in tree plantations and
Quercus-Tilia forests.

Total species diversity using the Shannon diver-
sity index followed the same pattern as native spe-
cies richness: no substantial differences between
habitats were found. This was contrary to many
studies that found lower richness and Shannon
diversity in plantations compared to natural/
near-natural forest stands (Sobuj, Rahman 2011;
Calvifio-Cancela et al. 2012; Onyekwelu, Olabiwon-
nu 2016). However, some other research had out-
comes comparable with our results. For instance,
Shannon diversity was found to be similar between
forests and plantations in southeastern Kyushu, Ja-
pan (Ito et al. 2004). Also, Pinus nigra plantations
and Populus alba plantations had similar Shannon
diversity compared to near-natural poplar forests
in Hungary (Ho et al. 2023a).

Functional and phylogenetic diversity showed
no significant differences between the studied
habitats (Figure 4). A potential explanation could
be linked to canopy openness (= light availability)
and naturalness. Our findings indicated that plan-
tations had low naturalness, suggesting a high level
of human-induced disturbance. Several previous
studies have indicated that disturbances associated
with human activities may result in a stronger envi-
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ronmental filter, which tends to shape community
assemblages composed of closely related species
with a high degree of trait similarity (Helmus
et al. 2010; Katovai et al. 2012; Arnan et al. 2018).
Consequently, such disturbances contribute to low-
er levels of phylogenetic and functional diversity
in plantations. On the other hand, the studied plan-
tations had relatively open canopies (compared
to the near-natural Quercus-Tilia forests), which
can lead to high functional and phylogenetic diver-
sity (Ho et al. 2023b). In contrast, the studied near-
natural Quercus-Tilia forests had closed canopies
and high naturalness, which eventually resulted
in functional and phylogenetic diversity compara-
ble with those of the plantations. Some previous
studies also reported that there were no signifi-
cant differences in functional and phylogenetic
diversity between monoculture tree plantations
and near-natural forests. For instance, function-
al and phylogenetic diversity of Pinus nigra planta-
tions were similar to those of near-natural poplar
forests in Hungary (Ho et al. 2023a). Piwczynski
et al. (2016) found similar phylogenetic diversity
between Pinus sylvestris plantations and natural
oak forests in Poland, while Malysz et al. (2019)
demonstrated similar functional diversity between
native Araucaria forests and Araucaria and Pinus
plantations in Brazil.

Functional diversity was high in Populus alba
forests, although not significantly higher than
in the other habitats. This can be explained by the
combined effects of light availability and natural-
ness. Populus forests had the highest light avail-
ability while naturalness was also relatively high
in this type, possibly resulting in high functional
diversity. Similarly, phylogenetic diversity seemed
to be somewhat high in Populus alba forests.
The peak, however, vanished when only angiosperm
species were included in the analysis of phylogenetic
diversity (Figure S3 in the ESM). This outcome was
likely attributable to Juniperus communis, a common
gymnosperm species in Populus alba forests.

CONCLUSION

To sum up, dominant tree species seemed
to strongly influence various abiotic parameters.
Many diversity indices were probably driven by two
primary factors: light availability and naturalness.
High light availability compensates for low natu-
ralness, resulting in similar native species richness,

total species diversity (i.e. Shannon), functional
and phylogenetic diversity between Quercus-Tilia
forests, Populus alba forests, Pinus sylvestris plan-
tations, and Robinia pseudoacacia plantations.
However, similar diversity does not necessar-
ily entail a similar ecological value. Quercus-Tilia
forests possess a unique species composition
that plantations cannot replace (e.g. many spe-
cies of mesic forests, including Fritillaria mon-
tana, are not found in plantations). In addition,
Quercus-Tilia forests had low non-native species
richness, while non-native plantations hosted sig-
nificantly more non-natives in their understories,
including, among others, the dangerous invasive
Ailanthus altissima.

The area of Quercus-Tilia forest patches and Po-
pulus alba forest fragments in the Deblilato region
is relatively small (ca. 380 ha and 170 ha, respec-
tively), and the former type is restricted to the cen-
tral part, while the latter type to the southeastern
part of the Reserve (Cuk et al. 2023). From an eco-
logical and conservation point of view, we rec-
ommend that the remnants of these near-natural
forests should be protected and efforts to restore
these forests should be given high priority.

According to Cuk et al. (2023), nearly 16 812 ha
of the Deliblato Sands is covered by tree planta-
tions. Of them, 64% (10 821 ha) are Robinia plan-
tations, approximately 27% (4 601 ha) are Pinus
plantations, while less than 1% are Populus plan-
tations (59.26 ha), Tilia plantations (37.45 ha),
and Quercus plantations (0.68 ha). In light of our
results, non-native tree plantations have some
unfavourable ecological features. Hence, a shift
in forestry strategy from non-native to native tree
species stands out as a desirable alternative to ex-
isting practices and can be expected to improve
the preservation of the natural ecosystems of the
region. With a negligible area ratio in the region,
native tree plantations (e.g. Tilia tomentosa) should
be expanded to replace non-native tree plantations,
which are expected to increase habitat heteroge-
neity and support higher biodiversity. We found
that high light conditions can enhance diversity
patterns for plantations; thus, opting for selective
thinning instead of clearing up could prove advan-
tageous in tree plantations, maintaining a continu-
ous forest with a sparse canopy.
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