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Abstract
Anthropogenic structures introduced into the forest by silvicultural practices may lead to increased floristic diversity
of the forest complex. Among artificial structures, ditches play a special role because they cause differences not only in
lighting but also in moisture conditions. Species from contrasting habitats can exist together in a relatively small area
because of the different conditions found on the bottom and slopes of the ditch. We studied the effect of the presence
of three types of ditches (i.e. drainage ditches, road ditches, and war trenches) on the floristic diversity of forest
phytocenoses in central Poland. These were managed forests on sites of Vaccinio-Piceetea and Querco-Fagetea
phytosociological classes. In addition to measuring species richness, we analyzed the dominance structure, species rarity
and ecological indicator values of plants. We have determined that species richness was higher in ditches than in the
surrounding forest phytocenoses. Most species in ditches occurred at low frequencies. Based on Shannons formula, ditches
usually had greater diversity; species evenness, however, was variable in ditches when compared with the forest. Plants
that occur in the ditches differed from these found in forests in terms of their trophic, humidity and light requirements.
It has also become apparent that there are differences between the three types of ditches. Roadside ditches had the
highest influence on floristic diversity, and war trenches the lowest.
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Introduction
Several theories have been developed by ecologists to explain patterns of plant diversity observed
in natural ecosystems (Hubbell 2001, Huston 1979,
Ricklefs 1977, Ricklefs 2006, Waide et. al. 1999). One
of the factors affecting local plant diversity is resource
heterogeneity, which may play an important role, especially in disturbed forests (Bartels and Chen 2010).
Timber-oriented forest management may result in both
an increase and decrease in the diversity. On the one
hand, it can threaten the survival of many species that
depend on natural forest habitats (Bengtsson et al.
2000). On the other hand, these silvicultural practices
introduce anthropogenic structures, such as roads and
ditches, which may increase floristic diversity in the
forest complex (Buckley et al. 2003, Baltzinger et al.
2011, Hansen et al. 1991, Peterken and Francis 1999,
Skov and Lawesson 2000, Suárez-Esteban et al. 2013).
2013, Vol. 19, No. 2 (37)
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Drainage ditches are one of the most common anthropogenic linear structures in forests. Drainage is
applied to a forest to improve the productive capacity of soils through regulation of water and air conditions (Hillman 1992, Roy et al. 2000). Ditches, by enriching the morphology of the terrain, diversify woodland habitats. At the same time, as they are linear
structures, they can facilitate the spread of alien species into the forest. Ditches provide habitats for plants
of extremely varied requirements, especially in terms
of humidity and light (Zieliñska 2007). This is the result of different site conditions on the slopes and on
the bottom of the ditches (Karim and Mallik 2008). The
role of ditches in agricultural landscapes has been
extensively investigated (Blomqvist et al. 2006, Dajdok and Wuczyñski 2005, Goulder 2007, Herzon and
Helenius 2008, Manhoudt et al. 2007, Milsom et al. 2004,
Williams et al. 2003). These studies indicate particularly the role of ditches in increasing biodiversity. In
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BALTIC FORESTRY
INFLUENCE OF DITCHES ON PLANT SPECIES DIVERSITY IN THE MANAGED FORESTS /.../

agricultural landscapes, ditches play important roles
as ecological corridors and as refugia for species preferring wet conditions. There are a number of publications concerning the problem of drainage of wet
forests, and especially peatland among these (for example Korpela 1999, 2004, Kurowski 2007). However,
in many parts of Poland, the ground water level is now
lower than in the 19th and early 20th centuries (Lipiñski 2006), and there are quite many ditches which
remain dry through most and sometimes the entire year.
This is quite common in central Poland, where such
ditches no longer function as part of drainage system.
The research of the role of such structures in forest
complexes, from the point of view of their contribution to differentiation of forest habitats, rather than
their intended use is scarce (Baltzinger et al. 2011,
Karim and Mallik 2008, Peterken and Francis 1999).
Drainage ditches may directly pass through a
forest or be related to road infrastructure. There are
many studies on the role of forest roads. According
to Avon et al. (2010), the road verge can be considered an early-successional habitat that favours fastgrowing, nutrient- and light-demanding species, and
offers a suitable habitat for non-forest herbs. Invasions
of alien species occur more frequently along roads than
in the interior of forest stands (Flory and Clay 2006,
2009, Parendes and Jones 2000, Pauchard and Alaback
2006, Watkins et al. 2003). A study of the flora of one
of the large forests of central Poland showed that floristic diversity is greatest around these roads, along
which ditches are located (Zieliñska 2007). Ditches
enrich road verges, especially in wet habitats.
In this study, we investigated the effect of ditches on vascular plant diversity in managed lowland
forests and tested whether different types of ditches
differ in their effect. We distinguished three types of
ditches: drainage ditches, roadside ditches, and war
trenches. These three types of anthropogenic linear
structures have different characteristics and may affect plant diversity in different ways. In present-day
central Poland, we can observe the presence of water
in drainage ditches during snow melt or heavy rainfall. Roadside ditches are similar in this respect but
they may, to a much greater extent, serve as plant
migration routes resulting from roads being used for
transport by forest services (Zieliñska 2007). The third
type of linear structures we studied were war trenches. Dug during World War II and located on the slopes
of sandy hills, these were not created to facilitate water
drainage. War trenches change the morphology of the
terrain but have no significant effect on soil moisture.
We hypothesized that floristic diversity would be significantly different in the presence of ditches, and that
this change is dependent on ditch type, with the dif2013, Vol. 19, No. 2 (37)
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ferent types having different effects on habitat heterogeneity. We hypothesized that the greatest diversification would be introduced by roadside ditches, the
smallest by war trenches.
There are several methods of species diversity
assessment (Gotelli and Colwell 2001, Paillet et al. 2010,
Peet 1974, van der Maarel 1988, Whittaker 1972). By
using different kinds of indexes we were able to
achieve a more accurate description of plant diversity. In addition to species richness, we used indicators
that consider the dominance structure (Shannons and
Pielous evenness indexes) and local rarity (floristic
value and uniqueness indexes) of species. We also
analyzed recorded species in terms of their ecological
requirements.
In our study we addressed the following questions:
(i) Is the floristic diversity of ditches higher than
that of surrounding forest?
(ii) Do the different types of ditches differ in their
floristic diversity?

Materials and Methods
Study site
The study was conducted in several forest complexes located in an area of approximately 14,000 km2
in the Polish Lowlands, central Poland (Figure 1). In

Figure 1. The study area including (1) forests and (2) urban areas in central Poland
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the study area, forest fragments were located among
agricultural and urban landscapes. Forests constituted about 20% of the area and were most used for producing timber. In each forest stand, the predominant
tree species was pine or, in some cases, pine and oak.
Much less frequent, there were stands composed of
deciduous trees such as oaks, birch, and hornbeam.
Because in such managed forests it is difficult to clearly define the community in phytosociological sense,
we divided them into three categories as coniferous,
mixed and deciduous. The number of research points
in the abovementioned categories reflected the frequency of their occurrence in central Poland. There
were 39 points with coniferous, 17 with mixed and 11
with deciduous stands.
Data collection
We surveyed all of the largest forest complexes
of central Poland, and analyzed all ditches. We encountered that were at least 1m wide running through uniform phytocenoses, i.e., a stand type and age was
identical on both sides of the ditch. In this way, we
examined 40 study points along drainage ditches, 20
points along road ditches, and 7 points along war
trenches. To exclude the influence of other open spaces, plots were located at least a dozen meters from
features such as clearings, forest edges, and roads
(except in the case of roadside ditches). One sampling
point was generally established per ditch with the
exception of some long ditches that were sampled at
more than one point. Only a few war trenches were
sampled because of their rarity on the area and these
were found in the coniferous forests only.
Two plots were set up at each sampling point. One
plot was located in the ditch. It was five metres long,
and the width was equal to the width of the ditch. Ditches were differentiated in their width from 1 to 5 metres;
their mean depth was 0.8m. The width and depth of each
ditch was measured. In addition, the percentage of tree
and shrub cover above the ditch was assessed. For
each plot in the ditch, a corresponding plot of the same
size was established in the surrounding forest phytocenosis. The forest plot was located in parallel to and
about 10 m away from the ditch. In preliminary studies,
this distance was sufficient to avoid the influence of
the ditch on the floristic composition.
A list of understory vascular plant species was
compiled for each plot. Species cover was assessed
for each species using a decimal scale with particular
regard to small values (Londo 1976). In our calculations, we assumed that individual small plant specimens occupied 0.5% of the plot, next we noted species that covered 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% and 100% of the plot area.
2013, Vol. 19, No. 2 (37)
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Data analysis
To describe species diversity within the ditches
and forest plots, we calculated species richness (N),
Shannons diversity index (H), Pielous evenness index
(E) (Ulrich 2001), and indexes of floristic value (FV) and
floristic uniqueness (FU) developed by Géhu (1979).
The index of floristic value (FV) is the sum of rarity
indexes of species found in a plot. The rarity index for
each species was calculated using the formula Ir =
(S-s)/S, where S is the total number of plots and s is
the number of plots in which the species appears. The
greater the number of species or the rarer the species,
the higher the floristic value index for a given research plot.
The floristic uniqueness index (FU) is given by
FU = FV/N, where N is the number of species found
in a plot. This index takes the mean value of the rarity
of species into consideration.
We used Spearmans rank correlation coefficients
to examine whether the ditch width and depth and the
percentage of tree and shrub cover above the ditch
had a significant impact on biodiversity indexes. To
detect differences in species diversity between ditches and the surrounding forests, taking into account
the three ditch types and three types of forest, variation in N, H, E, FV, and FU was tested using the General Linear Models - GLM (two-way ANOVA design
with repeated measures and missing cells). Multiple
comparisons were performed using Tukeys method
for unequal sample sizes.
Normality was tested using Shapiro-Wilks test.
Homogeneity of variances was tested with Levenes
test. A few outliers were removed from analysis. Results were considered significant for P < 0.05.
Ditch and forest flora were also compared in terms
of plant ecological requirements. The ecological indicator values of vascular plants of Poland were used
(Zarzycki et al. 2002). These values range from 1 to 5
and express the intensity of particular factor from the
smallest to biggest. For example, for light value, the
number 1 means a deep shade and number 5 means a
full light. The following environment variables based
on the Zarzycki et al. (2002) were taken into account:
light, temperature, continentality, soil moisture, soil trophy, soil acidity, soil granulometric and soil organic
matter content values. The Redundancy Analysis of
multivariate ecological ordination methods (RDA) was
performed to determine the relationships between the
environmental conditions and different types of plots.
All calculations were performed using STATISTICA PL version 10.0 (StatSoft, Inc. 2011) and the R 3.0.1
Statistical Software (Oksanen et al. 2013, R Core Team
2013).
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Results
Out of 136 recorded species, 63 were observed
only in ditches and 4 only in forests. Ditch characteristics had no effect on species diversity: there was no
relationship between biodiversity indexes, ditch width
and depth, and the percentage of tree and shrub cover (Spearmans rank correlation). This allowed us to
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collectively compare all plots located in ditches with
those located in forests (Figure 2). Detailed calculations are given in Table 1.
When the indicators used to describe diversity
were compared (Table 1, Figure 2a), significant differences were detected between ditches and forests.
Ditches had considerably higher species richness. The
average number of species in ditches was 15.0 ± 6.0

Figure 2. Differences in species richness (N), diversity (H), evenness (E), floristic value (FV), and
floristic uniqueness (FU) analyzed with GLM (two-way ANOVA design with repeated measures and
missing cells; mean ± 95% confidence intervals); (a) Type of plot effect, (b) type of plot*type of
ditch interaction effect and (c) type of plot*type of forest interaction effect with statistically significant differences (multiple comparisons with Tukeys method for unequal sample sizes, P < 0.05)
2013, Vol. 19, No. 2 (37)
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Table 1. Basic descriptive statistics of indicator values: (N)
species richness, (H) Shannons
diversity index, (E) Pielous
evenness index, (FV) index of
floristic value, and (FU) index
of floristic uniqueness

Variable

N

Factor
type of
plot
interaction
type of
plot * type
of ditch
interaction
type of
forest *
type of
plot
type of
plot

H

interaction
type of
plot * type
of ditch
interaction
type of
forest *
type of
plot
type of
plot

E

interaction
type of
plot * type
of ditch
interaction
type of
forest *
type of
plot
type of
plot

FV

interaction
type of
plot * type
of ditch
interaction
type of
forest *
type of
plot
type of
plot

FU

interaction
type of
plot * type
of ditch
interaction
type of
forest *
type of
plot

Factor level
plots in ditches
plots in forests
drainage ditches
corresponding plots in
forests
roadisde ditches
forests
war trenches
forests
coniferous
ditches
forests
mixed
ditches
forests
deciduous ditches
forests
plots in ditches
plots in forests
drainage ditches
forests
roadisde ditches
forests
war trenches
forests
coniferous
ditches
forests
mixed
ditches
forests
deciduous ditches
forests
plots in ditches
plots in forests
drainage ditches
forests
roadisde ditches
forests
war trenches
forests
coniferous
ditches
forests
mixed
ditches
forests
deciduous ditches
forests
plots in ditches
plots in forests
drainage ditches
forests
roadisde ditches
forests
war trenches
forests
coniferous
mixed
deciduous

plots in ditches
plots in forests
drainage ditches
forests
roadisde ditches
forests
war trenches
forests
coniferous
ditches
forests
mixed
ditches
forests
deciduous
ditches
forests

(mean ± SD) compared with 8.0 ± 4.0 in forest areas.
There was high variation, however, in the number of
species among ditches. All other indicators of biodiversity were also significantly higher in ditches (in case
2013, Vol. 19, No. 2 (37)
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Mean
14.97
7.82

SD
5.83
3.72

Min
4
0

Max
26
22

Median
14
7

Q 25
11
6

Q75
19
10

15.05
8.10

6.06
4.47

4
0

26
22

14.5
7.5

11
5

19.5
11

16.57
7.48
8.83
7.17
13.51
7.95
15.88
6.18
18.73
9.91
1.72
1.10
1.67
1.11
1.94
1.10
1.31
1.00
1.54
1.04
1.85
0.98
2.17
1.48
0.64
0.55
0.62
0.55
0.70
0.56
0.61
0.52
0.60
0.52
0.68
0.56
0.75
0.66
11.44
5.27
11.24
5.36
13.26
5.02
6.46
5.53
10.00
5.19
12.44
4.21
15.02
7.20
0.74
0.67
0.72
0.65
0.78
0.66
0.73
0.78
0.72
0.65
0.75
0.67
0.79
0.72

5.01
2.38
2.40
1.60
5.18
3.24
6.28
2.83
5.80
5.39
0.58
0.53
0.60
0.60
0.54
0.47
0.38
0.21
0.49
0.43
0.63
0.54
0.57
0.68
0.16
0.22
0.16
0.23
0.16
0.22
0.15
0.12
0.15
0.20
0.16
0.25
0.15
0.21
5.37
2.81
5.36
3.36
5.22
1.90
2.00
0.95
4.58
2.29
6.01
2.27
5.40
4.20
0.08
0.10
0.08
0.09
0.08
0.09
0.05
0.07
0.07
0.09
0.10
0.11
0.07
0.07

8
3
6
5
4.00
0.00
4.00
2.00
10.00
5.00
0.16
0.07
0.16
0.07
1.02
0.33
0.66
0.77
0.16
0.26
0.67
0.07
1.27
0.43
0.12
0.06
0.12
0.06
0.40
0.20
0.34
0.34
0.12
0.12
0.39
0.06
0.47
0.27
2.12
0
2.12
0.00
4.92
1.68
4.30
4.48
2.38
0.00
2.12
1.49
6.34
3.39
0.53
0.49
0.53
0.49
0.61
0.52
0.65
0.71
0.59
0.49
0.53
0.52
0.63
0.57

26
12
11
10
26.00
15.00
26.00
12.00
25.00
22.00
3.00
2.81
2.94
2.81
3.00
1.87
1.78
1.38
2.44
2.02
3.00
1.87
2.94
2.81
1.00
1.00
0.91
1.00
1.00
1.00
0.74
0.71
0.87
1.00
1.00
1.00
0.91
1.00
23.51
17.11
21.29
17.11
23.51
9.24
8.94
7.20
21.29
10.33
23.51
9.24
22.30
17.11
0.93
0.92
0.83
0.82
0.93
0.92
0.81
0.90
0.84
0.90
0.92
0.92
0.93
0.82

16
7
9
7
12.00
7.00
16.00
6.00
18.00
8.00
1.67
1.09
1.61
1.10
1.87
1.17
1.35
0.97
1.52
1.07
1.92
0.98
2.18
1.49
0.65
0.56
0.63
0.56
0.76
0.60
0.65
0.52
0.62
0.54
0.65
0.56
0.81
0.66
10.68
4.62
10.68
4.58
13.00
4.20
6.53
5.32
8.76
4.96
12.73
3.74
14.28
6.38
0.75
0.65
0.75
0.62
0.77
0.64
0.72
0.76
0.72
0.63
0.76
0.65
0.79
0.71

13
6
7
7
11.00
6.00
13.00
5.00
13.00
6.00
1.36
0.69
1.36
0.61
1.52
0.81
1.17
0.85
1.32
0.69
1.50
0.60
1.79
0.93
0.55
0.43
0.56
0.42
0.58
0.44
0.55
0.48
0.53
0.42
0.60
0.43
0.58
0.52
7.27
3.71
7.22
2.93
9.78
3.90
4.55
4.96
7.21
3.91
9.38
2.62
10.48
3.95
0.68
0.60
0.66
0.58
0.74
0.60
0.71
0.72
0.66
0.59
0.71
0.59
0.77
0.70

20
9
11
7
17.00
10.00
20.00
8.00
25.00
14.00
2.12
1.48
2.05
1.50
2.24
1.37
1.54
1.07
1.90
1.31
2.17
1.36
2.69
1.79
0.77
0.69
0.73
0.71
0.79
0.66
0.71
0.55
0.71
0.64
0.77
0.74
0.85
0.77
14.98
6.38
15.18
7.46
17.27
5.80
7.89
5.93
12.76
6.08
17.27
5.57
19.88
9.73
0.79
0.72
0.79
0.71
0.84
0.71
0.74
0.85
0.77
0.71
0.79
0.74
0.81
0.78

of FU with significance for P < 0.10 only). In the case
of Shannons index, the values were 1.7 ± 0.6 for ditches and 1.1 ± 0.5 for forests. In the case of the evenness index, the difference between ditches and forests
ISSN 2029-9230
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was small, with the values almost identical: 0.6 ± 0.2.
These small differences are a consequence of the fact
that the evenness index values for many ditch plots
were lower than for their corresponding forest plots.
The largest observed difference was in the floristic
value index; in ditches it was about two times higher
than in the forest (11.4 ± 5.4 for ditches and 5.3 ± 2.8
for forests). In the case of floristic uniqueness, values were approximately 0.7 ± 0.1, with small differences in mean values between ditches and forests.
When compared among themselves, no statistically significant differences were found among the three
ditch types (Figure 2b); however, drainage ditches and
roadside ditches differed significantly from surrounding forests with respect to floristic uniqueness. This
is due to the fact that war trenches had less diversified flora in respect to its local rarity than the corresponding plots in forests whereas drainage and roadside ditches differed significantly (p<0.01) in comparison with forest plots (Figure 2b). No statistically significant differences were revealed between the three
types of forest - for each of them the effect of the ditch
presence was similar, for war trenches, however, it was
the smallest (Figure 2c).
The ecological values of plants gave us indirect
information about the differences in site conditions
(Figure 3) and direct information about differences in
the ecological variability of plants between ditches and
forests. RDA-ordination method revealed that the diversification of plots is significantly (p <0.05) affected by the trophy (Tr), moisture (M) of soils and the

Figure 3 RDA biplot showing the two first axes of a canonical ordination (the eigenvalue of the first axis was 0.25 and
of the second axis 0.06; for both p=0.005). Points corresponding to particular species were omitted. Designation of environmental vectors: L  light, Tr  trophy, M  moisture;
designation of site categories: F  forest plot, Dd  drainage
ditch, Rd  roadside ditch, T  war trench, c  coniferous
forest, m  mixed forest, d  deciduous forest
2013, Vol. 19, No. 2 (37)
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lighting conditions (L). Plant occurrence in ditches
indicates more trophic, wet soils and more lighted sites.
This is the case for each type of forest, coniferous,
mixed and deciduous.

Discussion and conclusions
Compared with the forest, more diverse flora was
on the plots established in ditches. For example, species richness was higher in ditches. The average
number of species was almost two-times higher than
in forests, and about 46% of identified species were
found only in ditches. This is consistent with Baltzinger et al. (2011), who compared plots located in drainage ditches with forest control plots and discovered
that the former were responsible for about 52% of the
reported floristic species richness. Corney et al. (2006)
and Smith et al. (2007) also found that forest drainage
ditches tend to enhance floristic richness.
As the number of species increased, a corresponding increase in the value of the Shannon index
took place. The analysis of evenness indexes revealed
that its value may sometimes be higher or lower in
comparison with corresponding forest plots. Hence
changes in species richness were of greater importance
than alterations in dominance structure for characterizing the influence of ditches.
Large differences between ditch and forest plots
were observed with respect to floristic value index.
This index takes into account the number of species
and the frequency of their occurrence. Many of the
species that contributed to the increase in species richness were locally rare, i.e., those that were listed only
once or a few times during the study. This result was
corroborated by the statistically significantly higher
floristic uniqueness values observed for drainage and
roadside ditch plots. None of the locally rare species
occurring in ditches, for which ditches could serve as
refugia, were endangered. The most valuable species
was Lycopodium clavatum, but this can be found in
other forest areas of central Poland besides ditches.
Peterken and Francis (1999), who studied the vascular flora of forest openings, also found that many
enumerated species occurred at low frequency. Because of the presence of forest openings, shade-intolerant species were an important component of the
flora; however, open spaces acted not as efficient refugia for the vulnerable flora of grasslands, wetlands,
heathlands, and similar areas, but instead mainly provided habitats for common widespread species. Furthermore, in a study conducted by Baltzinger et al.
(2011), species found in forest artifacts, e.g., tractor
ruts, drainage ditches, roads, paths, and fire pits, were
not endangered. More than half of the species supISSN 2029-9230
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ported by different forest artifacts were common generalists. Our results confirm that ditches have little
conservation value for endangered species.
In our study, ditches did not act as migration
pathways for alien species as the number of such
species occurring in ditches did not exceed that of the
forests. During this study, we identified five alien
species, two of which were restricted to forests. Only
two alien speciesAesculus hippocastanum and Oxalis stricta  were present in ditches but absent in
forests, and each was noted only once during the
study. The same finding that drainage ditch flora comprises mostly indigenous species, was found by Baltzinger et al. (2011) and Banach (2009).
The results of our study indicate that ditches have
a significant effect on diversity in terms of ecological
characteristics of species. The ecological indicator
values of plants occurring in the ditches confirm that
ditches provide different conditions than forest interior sites in comparison with those in surrounding
forest. Hansen et al. (1991), examining managed forests, asserted that structures creating light and soil
conditions different from those found in typical phytocenoses may increase forest-wide plant diversity. Our
findings confirm this statement.
Drainage and roadside ditches provided habitat
for species characteristic of moist soils, such as Carex
acutiformis, Filipendula ulmaria, Galium palustre,
Iris pseudacorus, Lycopus europaeus, Peucedanum
palustre, Stellaria palustris, and Thelypteris palustris. There was wide variability of moisture indicator
values, however; species of dry places, such as Rumex
acetosella and Viola canina, also grew in the ditches. Furthermore, ditches provided suitable conditions
for plants of both open and shaded sites. In contrast
to the forest interior, they allowed for the presence of
more light-demanding plants as Tussilago farfara,
Sieglingia decumbens and Tanacetum vulgare. Species of shaded sites, e.g., Equisetum sylvaticum, were
present as well. Our findings are consistent with those
of Baltzinger et al. (2011) who demonstrated that the
mean Ellenberg light index of plots varied significantly depending on whether or not the plot was located
in a drainage ditch. The mean Ellenberg light index was
also higher in ditches than in forest plots; nevertheless, they found six shade-tolerant species to be more
frequent in ditches.
Ditches also provided habitats for species characteristic for more trophic soils in comparison with forest interior. It can be explained by the fact that ditches
can be seen as small-scale edges in the forests. Many
authors draw attention to the fact that nitrophilic herb
species benefit from the edge effects (for example Hamberg 2009, Korpela and Reinikainen 1996).
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The flora found in different types of ditches in
our study varied but there were no statistically important differences between them. This can be attributed
to the high variability of results obtained among individual ditches of a given type. We tested whether this
variability was the result of differences in size or degree of shading of the examined ditches but did not
find any significant relationships. Nevertheless, roadside ditches were associated with the highest values
obtained for most analyzed biodiversity indicators. This
result is consistent with that of other studies (for example, Baltzinger et al. 2011, Buckley et al. 2003, Smith
et al. 2007). According to the work conducted in managed hardwood stands by Watkins et al. (2003), however, the road vicinity was associated, on the one hand,
with a decrease in native species richness and Shannon index values and, on the other hand, an increase
in exotic species richness. The total species richness
did not change near the road. This implies that change
in species composition, rather than number of species,
may sometimes be the primary effect of road presence.
In our study, the change brought by ditch presence
was both qualitative and quantitative. The question
of whether ditches along forest roads help or hinder
invasion of alien species in comparison with flat roadsides, requires further study. This is a question of the
great importance because many studies have found
that exotic species can penetrate into the forests along
roadsides (for example, Flory and Clay 2009, Forman
et al. 2003, Jakubowska-Gabara and Zieliñska 2005,
Johnston and Johnston 2004, Parendes and Jones
2000). Ditches certainly provide more different habitats for non-forest species than flat roadsides (Smith
et al. 2007, Zieliñska 2007).
War trenches most differed from the others of all
three analyzed types of ditches. Flora in the trenches
was very similar to this of the forest, probably because
trench hydrological conditions were identical to the
surrounding forest. War trenches were located on the
slopes of wooded dunes in relatively dry pine forests
on very permeable soils; conversely, drainage ditches were built to drain the land in more humid forests.

Conclusions
Our data indicated higher species richness and
greater number of species that are locally rare (i.e., not
typical in the analyzed forest phytocenoses) in ditches. The ditches, however, were not effective as refugia for endangered species. Despite the presence of
alien species in analyzed forest complexes, ditches did
not seem particularly important for their migration.
Nevertheless, a greater diversity of flora with different ecological requirements was possible due to the
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variety of lighting, trophy and moisture conditions in
ditches.
Ditch presence had a much greater effect on floristic diversity level than did its size or degree of shading. The effect of its presence was pronounced regardless of the type of forest. Roadside and drainage
ditches had greater impact on plant species diversity
than the war trenches.
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Ðåçþìå
Ñòðóêòóðû àíòðîïîãåííîãî ïðîèñõîæäåíèÿ, êîòîðûå âíåäðÿþòñÿ â õîçÿéñòâåííî èñïîëüçóåìûõ ëåñàõ, ìîãóò
ïðèâîäèòü ê ïîâûøåíèþ ôëîðèñòè÷åñêîãî ðàçíîîáðàçèÿ. Ñðåäè òàêèõ ñòðóêòóð îñîáóþ ðîëü âûïîëíÿþò êàíàâû, òàê
êàê èõ íàëè÷èå ÿâëÿåòñÿ ïðè÷èíîé ïîâûøåíèÿ äèôôåðåíöèàöèè ìåñò îáèòàíèÿ ëåñíûõ êîìïëåêñîâ íå òîëüêî ïî
óñëîâèÿì îñâåùåíèÿ, íî è âëàæíîñòè. Áëàãîäàðÿ èì, íà íåáîëüùîé ïëîùàäè îäíîâðåìåííî ìîãóò îáèòàòü
âèäîñïåöèôè÷åñêè êîíòðàñòíûå âèäû, òàê êàê óñëîâèÿ íà äíå è íà ñêëîíàõ êàíàâ çàìåòíî îòëè÷àþòñÿ. Â ñòàòüå
ïðîâîäèòñÿ àíàëèç âëèÿíèÿ íàëè÷èÿ òð¸õ òèïîâ êàíàâ: ìåëèîðàòèâíûõ, ïðèäîðîæíûõ, à òàêæå òðàíøåé (âîåííûõ
çåìíûõ óêðûòèé) íà ôëîðèñòè÷åñêîå ðàçíîîáðàçèå ëåñíûõ ôèòîöåíîçîâ öåíòðàëüíîé Ïîëüøè. Êðîìå âèäîâîãî
áîãàòñòâà ó÷èòûâàëàñü ñòðóêòóðà äîìèíèðîâàíèÿ, à òàêæå êîýôôèöåíò ðåäêîñòè âèäîâ êàê ýêîëîãè÷åñêèé èíäèêàòîð
çíà÷èìîñòè ðàñòåíèé.
Óêàçûâàåòñÿ, ÷òî âèäîâîå áîãàòñòâî áûëî çíà÷èòåëüíî áîëüøå â êàíàâàõ ïî ñðàâíåíèþ ñ îêðóæàþùèìè èõ
ëåñíûìè ôèòîöåíîçàìè. Ñðåäíåå êîëè÷åñòâî íàáëþäàåìûõ â íèõ âèäîâ áûëî ïî÷òè âäâîå áîëüøå. Êðîìå òîãî, îêîëî
46% âñåõ îòìå÷åííûõ òàêñîíîâ íàáëþäàëîñü èñêëþ÷èòåëüíî â êàíàâàõ. Îäíàêî ñ ïðèðîäíîé òî÷êè çðåíèÿ,
èñêëþ÷èòåëüíîãî çíà÷åíèÿ íå íàáëþäàëîñü, òàê êàê îòìå÷åííûå âèäû íå ÷èñëèëèñü êàê ðåäêèå èëè öåííûå íà
ãîñóäàðñòâåííîì óðîâíå. Â íèõ òàêæå íå íàáëþäàëîñü çíà÷èòåëüíî áîëüøåãî êîëè÷åñòâà ÷óæäûõ âèäîâ ïî ñðàâíåíèþ
ñ îêðóæàþùèìè ëåñàìè. Êàíàâû îáû÷íî èìåëè áîëüøåå ðàçíîîáðàçèå, âûðàæåííîå êîýôôèöèåíòîì âèäîâîãî
ðàçíîîáðàçèÿ Øåííîíà (Shannon), îäíàêî ïîêàçàíèÿ èíäåêñà âûðàâíåííîñòè âèäîâîãî ñîñòàâà ñîîáùåñòâà çíà÷èòåëüíî
ðàçëè÷àëèñü ïî ñðàâíåíèþ ñ ëåñàìè: â îäíèõ ñëó÷àÿõ ðåçóëüòàòû äëÿ êàíàâ áûëè áîëüøå, â äðóãèõ - ìåíüøå.
Áîëüøèíñòâî âèäîâ â êàíàâàõ èìåëè íèçêóþ âñòðå÷àåìîñòü. Àâòîðû îïðåäåëèëè, ÷òî, ïî ñðàâíåíèþ ñ îêðóæàþùèìè
ëåñàìè, êàíàâû îáåñïå÷èâàþò ñóùåñòâîâàíèå ìíîãèõ âèäîâ, òèïè÷íûõ äëÿ áîëåå âëàæíûõ, ñîëíå÷íûõ è ïëîäîòâîðíûõ
àðåàëîâ. Íàáëþäàëàñü äèôôåðåíöèàöèÿ òð¸õ òèïîâ ïðèäîðîæíûõ êàíàâ. Íàèáîëüøåå âëèÿíèå íà ôëîðèñòè÷åñêîå
ðàçíîîáðààçèå îêàçûâàëè ïðèäîðîæíûå êàíàâû. Áîëüøîå âëèÿíèå íà ðàçíîîáðàçèå âèäîâ â àíàëèçèðóåìûõ ëåñíûõ
êîìïëåêñàõ èìåëè ìåëèîðàòèâíûå êàíàâû. Ôëîðà òðàíøåé ñóùåñòâåííî íå îòëè÷àëàñü îò ôëîðû îêðóæàþùèõ ëåñîâ.
Êëþ÷åâîå ñëîâà: ôëîðèñòè÷åñêîå ðàçíîîáðàçèå, äèôôåðåíöèàöèÿ ìåñòîîáèòàíèé, ìåëèîðàòèâíûå êàíàâû,
ïðèäîðîæíûå êàíàâû, òðàíøåè, õîçÿéñòâåííî èñïîëüçóåìûå ëåñà
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