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Abstract

With the loss of natural and semi-natural habitats, the diversity and the amount of ecosystem services that can be provided
in the agricultural landscape are diminishing, and self-regulatory abilities decrease. The aim of the research (72 sample plots,
1 x 1 km squares, mean time span equal to 8 years) was to recognise the changes in the number and length of woody (tree or
shrub) linear landscape elements, and the number of solitary trees in Wielkopolska region to verify how rapid development of
agriculture in Poland at the beginning of the 21% century affects the landscape structure. The analyses show a decline by 9.3%
(from 2.17 to 1.97 km/km?) in length of woody linear elements, 7.4% (from 16.5 to 15.0 per km?) in number of woody linear
elements, and 14.6% (from 28.8 to 24.4 per km?) in solitary trees. The loss was significantly faster in the period (2017-2018) of
liberalisation of the regulations on tree and shrub removal, mainly due to a high rate of removal in plots located in residential
areas. The decrease in length of woody linear elements occurred in all the categories of their location distinguished in the
study (by 9—41% in a category). The highest loss occurred in the woody linear elements located along melioration ditches and
water courses, along roads, and in the outskirt of towns. These changes are like those occurred in the 20™ century in Western
Europe. The decrease in the number of woody linear landscape elements and solitary trees can be considered an indicator of

the unsustainable agriculture management.

Keywords: hedgerows, tree alleys, sustainable development, rural landscape, agriculture intensification, law liberalisation,

habitat loss

Introduction

Agricultural areas are characterised by a predominan-
ce of farmland, a relatively low population density, most
often with a high share of people associated with farming,
low urbanisation, and dispersed settlement. In Poland, this
type of area constitutes more than half (about 60%) of the
entire country. Furthermore, farmlands are adjacent to va-
luable natural areas protected by law, such as nature reser-
ves and national parks. Intensification of agriculture, aimed
at reaching higher work efficiency and yield (Matson and
Vitousek 2006), results in losses of natural and semi-natu-
ral habitats (Diniz-Filho et al. 2009) and strong changes in
environmental chemistry, including hydrological conditi-
ons. This negative large-scale process is common every-
where in the world where extensive agriculture is trans-
forming into more efficient production systems (Rahman
et al. 2018). Expansion of arable lands and their merging,
where field margins, woods, ponds, grasslands, wetlands,
etc. are eliminated and transformed into arable land cause
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biodiversity reduction. The reason is not only direct loss of
habitats that are crucial for particular species persistence
but also positive effect of wooded patches on some species
occurring in agroecosystems, e.g., for bumble bees (Diaz-
Forero et al. 2011). Simplifying the landscape structure,
accompanied by high input of mineral fertilisers and pesti-
cides are threats to the existence of most species of plants,
fungi and animals (Hendrickx et al. 2007, Aktar et al. 2009,
Gross 2014, Parween and Jan 2019). Moreover, spatial se-
paration of those refuge isolates populations which in the
case of linear woody elements limits their role as ecologi-
cal corridors (Benett 2003, Hékkild et al. 2017).

With the loss of natural and semi-natural habitats, the
diversity and the amount of ecosystem services that can be
provided in the agricultural landscape are also diminishing
(Wu 2009). As a result, self-regulatory abilities decrease
both in terms of functioning of biocenoses and abiotic phe-
nomena and processes (Fu et al. 2013).

The problems of natural resource protection and sus-
tainable use of ecosystem services are in the spotlight of
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not only scientists, but also political and administrative
bodies and representatives of civil society. Especially since
it turned out that the conversion of natural ecosystems into
arable fields and intensification of agricultural production
led to the impoverishment of biodiversity (Bourdeau 2001,
Loreau et al. 2002, Donald et al. 2006, Pe’er et al. 2014).

It is widely known that the prerequisite for maintain-
ing a high level of biodiversity and self-regulatory facili-
ties of the agricultural landscape is to preserve the diver-
sified landscape structure (Le Coeur et al. 2002, Marshall
and Moonen 2002, Benton et al. 2003). The most important
elements here are patches of trees or/and shrubs, the impor-
tance of which has long been emphasised and summarised
in many studies, both regional and related to specific is-
sues (Wuczynski et al. 2014, Graham et al. 2018), as well
as interdisciplinary international syntheses (Marshall and
Moonen 2002). They have a positive impact on the water
balance, microclimate, mitigation of adverse weather phe-
nomena (droughts, strong winds), improvement of water
quality, and increase of biodiversity, constituting breeding
or sheltering places for many species. They are also the
tool of strengthening biological pest control (Marshall and
Moonen 2002). That is why, in crucial legal acts in Poland,
i.e., the Act on Nature Conservation (Dz. U. 2004 No. 92
pos. 880), the Act on Environmental Protection (Dz. U.
2001 No. 62 pos. 627) and the Local Government Act
(Dz. U. 2018 pos. 994), there are provisions for mid-field
wooded patches protection.

Unfortunately, despite their importance, trees and
shrubs are still being eliminated in many regions of Europe
(Deckers et al. 2005). Poland has become a fast-develop-
ing country after entering the EU and rapid changes started
taking place in agriculture. It can be illustrated by the 7%
place in 2017 and the 3 in 2018 in real GDP growth rate,
exports of agricultural products amounted 27,529 million
EUR, GDP growth 4.8%, rural regions gross value added
98,3866 million EUR (26% of total) in 2016 and employment
rate in agriculture reached 35% in Poland (Eurostat 2019).

These changes are mainly driven by unsustainable
intensification of agricultural production focused on in-
creasing yield, resulting from the use of higher fertilizer
doses, as well as from the enlargement of field sizes by
merging them and causing decrease in biodiversity includ-
ing woody vegetation cover which is common for devel-
oping countries all over the world (Butchart et al. 2010,
Siqueira et al. 2018, Frankl et al. 2019, Malandra 2019).
At the same time, the regulations on farmland tree cutting
are unstable, which favours elimination of these elements
and it often takes place without any control or even moni-
toring of the state institutions (see e.g., NIK 2018). Based
on interviews conducted in 21 municipalities assessed by
Karaczun about 1,500,000 trees were cut in Poland in two
first months after law liberalisation regarding tree cutting
rules (Gurgul 2017). However, no changes in the number
of woody linear landscape elements in rural areas have
been recognised based on reliable data originated from
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measurements, so it was not conclusive. Due to the role of
shelterbelts and other woody linear landscape elements in
the agricultural landscape, their number in the landscape
and the dynamics of its changes can be considered as an
indicator of sustainable development.

The aim of the research included:
a) recognition of the changes in the number and length of
woody linear landscape elements in Wielkopolska re-
gion (voivodeship) in the agricultural landscape during
the period of rapid economic growth in Poland at the
beginning of the 21% century,
recognition of the pattern of these changes, i.e., assess-
ment of the dependence of the rate of change on the
location of woody linear landscape elements,
assessment of the effect of tree cutting regulation lib-
eralisation on the change in the number and length of
woody linear landscape elements and in the number of
solitary trees.

b)

Materials and methods

Study area

Sample plots were in Wielkopolska region (about
30,000 km?), where croplands cover 13,790 km? (46.2%)
and grasslands, 4,765 km? (16%) (Eurostat 2017). Agricul-
ture in Wielkopolska region has been intensifying through
the 21% century which can be reflected in example by the
increase in cereal yield (for grain) by ca. 50% and a strong
increase in pesticide use (by 83% in Poland in 2011-2017).
At the same time, the number of farms in Wielkopolska
region declined by 32% (178,610 to 121,330) and the
mean farm area increased by 40% (from 10.5 to 15.0 ha) in
2005-2016 (Eurostat 2019). Wielkopolska region is char-
acterised by intensive agriculture when compared to other
regions of Poland and is commonly considered the most
important agricultural region of the country. Two classes of
farm areas have the biggest share in the total farmed area
(excluding special production), that is 10-19.9 ha or 22%,
and 100 ha or over ha or 24% (Figure 1). In 2002—-2016,

700
02002 =2018

600

Oﬂ-"“

0.0-1.9 2049 50-99 10.0-19.9 20.0-29.9 30.0-49.9 50.0-99.9
Farm size (ha)

Total area (x 1000 ha)
w S (%))
o o o
o o o

N
o
S

S
o
]

Figure 1. Agricultural area (excluding special agricultural
production) in Wielkopolska region in 2002 and 2016 in relation
to farm size (Eurostat 2019)
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the total area of farms with the size of 0-20 ha has de-
creased, in contrast to farms of more than 20 ha, whose
total area has increased.

Sample plot selection and measurements of studied
objects

In establishing the sample plots, a grid of 84 randomly
selected 1 x 1 km squares was used. They had been previ-
ously selected for the Common Breeding Birds Monitoring
(source: State Environmental Monitoring).

Out of these 84 plots in Wielkopolska, as many as
72 plots located in the agricultural landscape were used
for the data analysis (see Figure 2). The selected sample
plots were divided into agricultural areas where over 80%
of area share is arable land (‘field’, N =41), mixed forest
and/or residential areas exceed 20% rate of share (‘mixed’,
N =26) and residential areas, where industrial and res-
idential area constitute more than 20% (‘residential’,
N=5).

The analyses covered woody linear landscape el-
ements (hereafter called ‘tree lines’) and solitary trees
growing in agricultural areas, including those adjoining
towns or villages. Tree lines (up to several meters wide)
were considered separate objects if the distance to the
nearest tree line was greater than 10 metres. Each tree line
was characterised in terms of location (LLOC) and length
(LLEN). According to the location (LLOC), the tree lines
were divided into seven categories: growing along roads
(‘road’), growing along watercourses (‘wriv’), growing
along banks of water reservoirs (‘wres’), growing along
melioration ditches (‘ditch’), growing among crop fields
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Figure 2. Location of sample plots
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(“field’), growing in the outskirts of the villages (‘vill”)
and on the outskirts of the towns (‘town’). The data source
for all variables, both numerical (number and length) and
categorical (location), were Google Maps with the use of
QQGIS software. The abundance of tree lines in the individ-
ual sample plot was characterised by their number (PL
LNUM) and total length (PL_LLEN).

Analysis of changes in the number of tree lines in
a given sample plot was made by comparing the data
between the year of the ‘earliest year’ (EYear, Appen-
dix 1), i.e., the earliest year among available in the Goo-
gle Maps from the period 2000-2018, and the ‘last year’
(LYear, Appendix 1), the latest one available. Both LYear
and EYear varied between the sample plots and time span
(TIME = LYear — EYear + 1) as well, ranging from two to
fourteen years (Table 1). The TIME amounted to 8.0 (95%
CI=0.5) on the average.

As the law regulating tree removal was significantly
liberalised since December of 2016 to May of 2017 (ap-
proximately in 2017), the time spans were classified into
two categories:

1) RLaw (‘restrictive’ law) — time spans that did not cover
the year 2017 at all, that is for which LYear <2017,

2) LLaw (‘liberal’ law) — time spans that covered 2017,
that is LYear > 2017.

Therefore, the factorial variable LAW_TYPE (with
two levels: RLaw and LLaw) classified the sample plots
(with tree lines, and solitary trees) into two groups of ob-
jects: managed under restrictive law or managed under lib-
eral law. That classification has enabled quantifying the ef-

fect of the liberalisation of the tree cutting regulation on the
rate of changes in solitary tree number

and tree line number and density.

The liberalisation of the provi-
sions of law concerning tree cutting
permits (the Act of 16" December
2016 on amendments to the Act on
Nature Conservation, Dz. U. 2016
No. 2249) caused an increase in trees
cutting throughout the entire territo-
ry of Poland. Therefore, the need to
change the law was recognised within
next six months. Among others, spe-
cifically points regarding the size of
trees that can be cut without a permit,
inconsistency with other entries, i.e.,
abolition of the mentioned require-
ments excluding the species or age of
o the tree based on municipal decisions,
needed to be corrected. This solution

Poland

Table 1. Frequency (number of sample plots) of time span lengths covered by the analyses

Time span length (years)

6 7 8 9 10 11 12

Number of sample plots 1 1 3 1

13 14 22 0 1 2 2 1 1
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gave great freedom in obtaining permits without fulfilling
the previously mentioned requirements. This can be noted
while looking at the content of the articles supplemented
by 21, 6 were repealed and 8 paragraphs were rewritten
in the following version of the Act on Nature Conserva-
tion (the Act of 11 May 2017 on amendments to the Act
on Nature Conservation, Dz. U. 2017 No. 1074). New law
rebalanced requirements and referred to the management
of private forests reducing the risk of fraud. Unfortunately,
in case of trees, the loss compensation will take at least one
century.

Statistical analysis

The list of explaining variables consisted of:

a) atplot level
PL TYPE is the landscape type, i.e., ‘field’, ‘mixed’
and ‘residential’ (categorical variable),

b) at tree line level
LLOC is the location of tree line, i.e., ‘road’, ‘wriv’,
‘wres’, ‘ditch’, ‘field’, ‘vill’ and ‘town’ (categorical
variable),

c) concerning the time
TIME is the length of time span (in years) covered by the
analyses (TIME = LYear — EYear + 1) (count variable),
LAW_TYPE is the type of law concerning tree remov-
al: restrictive one (‘RLaw’) or the liberal one (‘LLaw’),
(categorical variable); basing on these definitions, the
sample plots were divided into two categories (RLaw
and LLaw), too.

The explained variables were:
LLEN is the length of tree line (numerical variable, in
metres),
PL LLEN is the length of tree lines per plot (numerical
variable, in metres),
PL_LNUM is the number of tree lines number per plot
(integer variable),
PL TNUM is the number of solitary trees per plot
(integer variable).

The significance of changes in PL_ LLEN, PL. LNUM
and PL_ TNUM was tested with the use of the Wilcoxon
matched pairs test (matched by the plot). In the analysis of
the relationship between changes in LLEN, LNUM andT-
NUM and explanatory variables, the two-way ANOVA
was used in which PL_ TYPE, LAW_TYPE, and the inter-
action PL. TYPEXLAW TYPE were considered factors.
The variable TIME was not included as it was not correlat-
ed significantly with explained variables (—0.07 <r<0.3
at 0.53 <P <0.81). The 2 x 2 Chi-square test was used
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for testing the significance of the difference in proportions.
The statistical analysis was performed with the use of Sta-
tistica 12 software package (StatSoft 2013).

Results

In the earliest available years (EYear), there were
found as many as 1169 tree lines with a total length of
157.3 km, and 2076 solitary trees. Their distribution
among the plots was strongly uneven (Table 2).

Pattern of changes in the abundance of tree
lines and the number of solitary trees on a regional
scale

In the studied plots, the total length of tree lines per
plot (PL_LLEN) decreased by 9.3%, that is from 2.17 to
1.97 km (Z=3.95, P<0.001), the number of tree lines
per plot (PL_LNUM) by 7.4%, that is from 16.2 to 15.0
(Z=13.47, P<0.001), and the number of solitary trees per
plot (PL_TNUM) by 14.6%, from 28.8 to 24.6 (Z=4.09,
P <0.001). All the differences were statistically significant
according to the Wilcoxon test.

The sample plots, in which a decrease in measured
variables was found, prevailed. The total length of tree
lines and total number of solitary trees per plot have de-
creased in about 60% of plots, while the number of tree
lines in about 50% of plots. The share of sample plots,
where the values of the variables increased, amounted to
15-20%.

The change in PL LLEN, PL LNUM and PL_
TNUM was affected by the type of plot (PL_TYPE) statis-
tically insignificantly. However, the tree line decrease was
significantly higher in the plots under the liberalised law
(see “Methods”™) (Table 3, Figure 3). Moreover, the effect
of law type (LAW_TYPE) was modified by the plot type
(PL_TYPE) as significant interactions (P = 0.0008) be-
tween the plot type and law type occurred. Liberalisation
of the law significantly affected the decrease in tree line
length and number in the plots situated in residential area
only (Table 3, Figure 4, 5).

The changes in the individual tree lines length in
relation to their location

The analyses covered 1187 tree lines located mostly
among fields, along roads, in the outskirts of villages, and
along water courses (Table 4). Out of that number, 534 tree
lines were in the plots classified as being under the restric-
tive tree cutting law (RLaw) and 653 in the plots classified
as being under liberal tree cutting law (LLaw). The length

Table 2. Summary statistics for the total length (PL_LLEN) and total number (PL_LNUM) of woody linear landscape elements per
plot, and total number of solitary trees per plot (PL_TNUM) in the earliest year of analyses

Variable N Min Max Mean SD Median Lower Quart. Upper Quart.
PL_LLEN 72 0.0 10804.0 2170.8 2005.4 1557.5 854.0 2778.0
PL_LNUM 72 0.0 104.0 241 20.1 19.0 9.0 34.0
PL_TNUM 72 0.0 137.0 28.8 25.8 20.5 10.0 35.5
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100 - Figure 3. The share (%) of sample plots
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Table 3. Effect of plot type (‘field’ vs. ‘mixed’ vs. ‘residential’) and tree cutting law type (‘restrictive’ vs. ‘liberal’) on the changes in
length of woody linear landscape elements per plot (PL_LLEN), number of woody linear landscape elements per plot (PL_TNUM),
and number of solitary trees per plot (PL_TNUM) analysed with the aid of multivariate ANOVA

Factor Df PL_LLEN PL_LNUM PL_TNUM
F P F P F P
Const 1 6.1 0.0161 9.7 0.0028 6.6 0.0127
Plot type (PL_TYPE) 2 0.7 0.5045 0.7 0.5092 0.1 0.9217
Tree cutting law (LAW_TYPE) 1 11.3 0.0013 6.7 0.0117 0.4 0.5287
PL_TYPE x LAW_TYPE 2 7.9 0.0008 3.7 0.0298 0.7 0.4895
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Table 4. Location of the analysed woody linear landscape
elements

Location N %
Among fields (field) 675 56.9
Along roads (road) 180 152
Outskirts of the villages (vill) 152 128
Along water courses (wriv) 85 7.2
Outskirts of towns (towns) 41 3.5
Along melioration ditches (ditch) 34 2.9
Riparian — at water bodies (wres) 20 1.7

Table 5. Frequency distribution of woody linear landscape
elements length in the earliest year covered by the analysis

Range N %
0=x<200 958  80.7
200 £ x <400 149 126
400 < x < 600 52 4.4
600 < x < 800 18 1.5
800 <x <1000 7 0.6
1000 < x < 1200 2 0.2
1200 < x < 1400 1 0.1

(LLEN) of 93% tree lines ranged between 6 (minimum
value) and 400 metres (Table 5).

The LLEN changed in 19.4% (N = 230) of tree lines.
It decreased in 15.8% (N =188) and increased in 3.5%
(N =42) of tree lines. The increase has not been detected
in two categories of the tree lines: those located at water
reservoirs and those located along melioration ditches and
occurred in up to 7% of tree lines of a given category (Fig-
ure 6). The decrease in the LLEN occurred in all the cat-
egories distinguished in the study, in 9-41% of tree lines
from a given category. Thus, the share of shortened tree
lines was much higher than the share of elongated tree lines
in all tree line location categories. The highest tree line loss
occurred in the category of tree lines located along melio-
ration ditches and water courses, along roads, and in the
outskirts of towns (Figure 6).

Among the tree lines occurred in the plots covered
by the restrictive regulation on tree cutting (RLaw), a
decrease in LLEN occurred in 13.4% (70/452) of tree
lines vs. 18.2% (118/529) of tree lines in the plots cov-
ered by the liberalised regulation on tree cutting (LLaw).
The difference in these proportions was statistically sig-
nificant in the Chi-square test (Chi-square =4.99, df =1,
P =0.025).

Discussion

The analyses presented in the paper show a general
decline, both in tree line amount (length and number) and
solitary tree number in Wielkopolska region. The change is
like those occurred in the 20" century in Western Europe.
For example, in a study in France between 1952 and 1985,
the hedgerow length decreased by !5 (Burel and Baudry
1990), in the whole UK between 1984 and 1990 by 23%,
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Figure 6. The share (%) of tree lines, which length increased,
remained stable, and decreased, in relation to their location

Field — among crop fields, road — along roads, vill — on outskirts of
villages, wriv — along watercourses, towns — on outskirts of towns,
ditch — along melioration ditches, wres — along banks of water
reservoirs.

on average (Barr and Gillespie 2000), and in Denmark be-
tween 1972 and 1995 by 10% but had been preceded by an
increase between 1950 and 1972 (Kristensen and Caspers-
en 2002). Although there have been undertaken some mea-
sures to stop the loss of hedgerows (e.g., successful in the
UK after 1990, see Cornulier et al. 2011), the declining
trend is presumably still present and common, at least in
some regions. For example, in central Spain both hedge-
row density and the number declined by several percent
both in protected and unprotected areas (Arnaiz-Schmitz et
al. 2018). Similar situation took place in northern Belgium,
where the hedgerow length decreased by 28.2% between
1974 and 2015 (Van Den Berge et al. 2018). The recent
decline in tree line amount was also described in North
America (Burke et al. 2019). Unfortunately, despite the
key role of hedgerows for farmland biodiversity protection
and ecosystem services, they have not been systematically
monitored until now, neither in Poland, nor in the UE. An
outstanding exception is the monitoring scheme in the UK,
called “Countryside Survey” (Barr and Gillespie 2000).

Monitoring land use/land cover changes is considered
the essential first step to the identification of driving forces
responsible for changes that take place in a landscape (Bir-
gi et al. 2004). Observation of those dynamics is crucial
for understanding the complex interactions between social,
environmental and geophysical processes. Unfortunately,
there is an actual gap in recent reliable data (i.e., within two
last decades) on the change in tree line amount in the EU.
Therefore, we are not able to compare the changes occur-
ring in Poland with those in other countries.

The observed decline in the studied region of Poland
occurred commonly (the hedgerow density and the num-
ber of solitary trees — in about 60% sampled plots), thus
the tendency of elimination or reduction of the tree lines
and solitary trees seems to be common for various regions.
Thus, although the positive role of tree lines for landscape
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functioning is indisputable (Ryszkowski and Bartoszewicz
1996, Baudry et al. 2000, Marshall 2002), their preserva-
tion and management are taken into consideration by in-
habitants inadequately.

The analyses show that in general, human decisions
on tree cutting have not been related to the landscape type
per se (Table 5) and were strongly related to tree cutting
law type (Table 3, Figures 4 and 5). However, there was
a significant interaction between landscape type and law
type, detectable despite big differences in sample size be-
tween the landscape types (see the section “Sample plot
selection...”). The changes in the number of solitary trees
and tree lines did not differ between the studied landscape
types, especially under restrictive law (Table 3). However,
when the law regulating tree cutting was changed in 2017
into more liberal, the consequences of the change strongly
differed between the landscape types. The rates of solitary
tree or tree line loss were similar in the agricultural and
mixed landscapes, while a strong decrease in both tree
line length and solitary number occurred in the residential
areas. Moreover, under restrictive law, values of the vari-
ables listed above increased in the residential areas. That
is worth mentioning is the fact that the decline in the tree
cover comes together with an increase of impervious cover
(Nowak and Greenfield 2018). Inhabitants of residential
areas often argue that reducing the number of trees and
substituting them with, for example, concrete surfaces is a
case of cost reduction. This is false as people are not con-
sidering the negative of impervious cover maintenance like
poor rainwater management, pollution increase and loss of
cooling effect (Livesley et al. 2016). What is more, people
rarely associate several societal benefits: pollution remov-
al, carbon sequestration, lower energy demands (produc-
tion, usage) and lower pollution due to energy production.
Nowak and Greenfield (2018) estimated the loss in benefits
to society due to losses in tree cover in the United States
at about USD 100 million per year. There is an extensive
literature on the issue of costs and benefits of trees in the
urban areas (see, e.g., Song et al. 2018, Nowak and Green-
field 2012). Usually, more inhabited areas are characterised
by stronger pressure to retrieve possible space for potential
investments. Therefore, in a conflict between people and
nature, and in a situation of simplified legal coverage, trees
are the underdog. Furthermore, the Polish legal change has
been treated as a “window of opportunity” to undertake
actions. Before the new legislation came into force people
were discouraged by procedural issues needed to cut a tree,
even though it was often only a formality. Liberalisation
of the legislation widely covered by the media, both for
and against, became a trigger to move on with dealing with
trees that were interfering with plans of inhabitants of mu-
nicipal areas. Moreover, people felt that the liberal law will
not last forever. Therefore, it might be the reason for a pike
in the number of trees cut after liberal law implementa-
tion. Summing up, inhabitants of residential areas reacted
stronger to changes in tree cutting law which is presumably
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related to more intensive conflict about land use and goals
in residential area when compared to agricultural or mixed
areas. Fortunately, the liberalised law has been changed
again to more restrictive due to many protests, public dis-
cussions and publications (Kujawa et al. 2018). An issue
worth further research would be to estimate losses in tree
cover some years later to see whether it has slowed down.
The lesson shows that the law regulating relation between
humans and nature should be changed very carefully.

Environment and landscape are not only a matter of
local, regional or national scale regulations. The develop-
ment of tools for decision-makers on all decision levels
should: 1. recognise and value impacts degrading the en-
vironment; 2. assess future sources of danger; 3. develop
sustainable land use systems (Piorr 2003). Having in mind
that it is easy to cut and harder to grow trees one should
expect that people’s responses to economic opportuni-
ties, as mediated by institutional factors, drive land-cover
changes. Opportunities and constraints for new land uses
are created by local as well as national markets and policies
(Lambin et al. 2001).

The decrease in tree line length also depended strong-
ly on the location of tree lines that determines their func-
tions and the role for humans. The common feature of tree
lines, which were most shortened, was their location along
linear elements of landscape like roads, melioration ditches
and water courses. Presumably, the presence of trees could
be considered conflicting to some management goals like
providing appropriate roads visibility for drivers and keep-
ing melioration ditches without plant cover for enabling
efficient water run-off. This is an example of unbalanced
management of linear semi-natural elements in farmland
in which some important ecosystem services are omitted
or underestimated.

Conclusions

1. The decrease in the number of woody linear landscape
elements and solitary trees in Wielkopolska region in
Poland is an indicator of currently unsustainable agri-
culture management. It must be underlined that with
the loss of mid-field shelterbelts and other tree lines, a
variety of ecosystem services is lost.

2. The legal conditions concerning woody linear land-
scape elements in an agricultural landscape in Poland
do not ensure their protection.

3. The loss of farmland trees (solitary or others) has un-
dergone despite the existence of legal provisions that
speak directly about the protection of wooded patches
in an agricultural landscape.

4. Many trees are in privately owned areas, for which the
rightto regulation by local authorities is strongly limited.

5. As the ecological consequences of farmland tree re-
moval are significant and long lasting, the law regulat-
ing tree removal should be changed carefully and based
on the precautionary principle much stronger.
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