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Abstract

Changes at the landscape level in a 100 ha area of southern Finland, have led to homogenization over the period 1954-1997,
as measured by Shannon’s diversity index (SHDI) and Shannon’s evenness index (SHEI). Patch numbers (N), class areas
(CA), and total edge lengths (TE) of ditch margins decreased markedly due to subsurface drainage. Woodland patches also
decreased, as some of them were brought under cultivation, but increased in 1997 due to the demolishing of barns. An
assessment of the social costs and benefits of subsurface drainage shows that it is not desirable to replace the few ditch
margins that remain in the case area with subsurface drains. The management of field margins, buffer strips along waterways
and woodland patches are included in the Finnish agri-environmental programme, but their importance for management of
biodiversity in the agricultural landscape should be emphasized. The paper analyses landscape diversity loss at landscape anc
patch levels, and describes the roles of woodland patches and field margins in an agricultural landscape.
© 2003 Elsevier B.V. All rights reserved.

Keywords:Agricultural landscape; Biodiversity; Field boundaries; Landscape diversity; Social costs and benefits; Woodland patches

1. Introduction et al., 2002; Marshall and Moonen, 2002; Tarmi and
Helenius, 2002 Between 1944 and 1991, however,
In Finland, a large proportion of the fertile forest Ruuska and Helenius (1996ported a 50% decrease
land was taken into cultivation in the early decades in the length of open ditches in an agricultural area
of the 1900’s Goininen, 1975; Linkola, 1981; YM, of 324 ha in central Finland. Similarlyjietala-Koivu
1992; Hagelberg, 1998Fields were drained by open (1999) showed a 91% decrease in ditch lengths
ditches, so that parcels of agricultural land could be between 1958 and 1997 in an area of 2400ha in
only a few metres wide, due to the soil types and southwestern Finland. Such enormous decreases in
climatic conditions. Field boundaries, i.e. open ditch boundary patches are considered one of the reasons
margins within fields and field margins to non-arable for the Finnish agricultural landscape becoming more
land, are important refugia for the preservation of homogeneous. Corresponding decreases in linear field
biodiversity in agricultural environments ¢ Coeur boundaries and hedgerows have been reported in the
UK, northern Ireland, and Francéd Coeur et al.,
* Corresponding author. Tek+358-9-191-59738; 200_3' . .
fax: +358-9-191-58463. Mikk and Mander (1995)investigated some pa-
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with species richness in areas of Finland, Estonia, and breeding); and (4) recreation and rural development
Lithuania. The best correlation was found between the (walking, hunting, viewing the landscape). The aes-
number of species and the area of the woodland patch.thetic role of field boundaries can vary greatly in the
Hagelberg (1998pointed to an apparent connection course of the growing season. In addition, linear fea-
between agricultural land over 200 years old and the tures such as field boundaries along waterways can
richness of small biotopeslietala-Koivu (1999kug- be important in land use planning, in outlining a river
gested that the area of woodland patches in Ylane, landscape with growing trees and busheaitamaki,
southwestern Finland had increased slightly between 1990; MMM, 200J.

1954 and 1997. According #dgger and Brandt (1988) Hietala-Koivu et al. (1999and Tahvanainen et al.
small biotopes, e.g. woodland patches, have substan-(2002) showed that the interviewees preferred man-
tially decreased in western Europ8kanes (1990) aged buffer strips to unmanaged strips, non-farmers
Ihse (1995)andBjorklund et al. (1999stimated that ~ preferring strips 5m wide over those 3 m wide. Both
small, uncultivated biotopes have declined by an aver- the farmers and non-farmers, however, perceived the
age of 50% during past decades on Swedish agricul- major impact of buffer strips as improving the quality
tural land. of water courses.

Landscape maintenance and the promotion of biodi- Woodland patches are mainly semi-natural or un-
versity are included in the Finnish agri-environmental cultivated residual areas that provide local ecological
programme which covered the periods 1995-1999 and and aesthetic benefits to an agricultural landscape
2000-2006 involving 96% of the arable area in 2001 (Forman and Godron, 1981Woodland patches out-
(MTTL, 2002). The programme aims at maintaining line the broad scenery of a field areMlikk and
woodland patches and stony open patches and eco-Mander, 1995; MMM, 2001 and may increase the
tones between field and forest in agricultural land- patch density of an agricultural landscape, along with
scapes. Furthermore, field boundaries have to be atfield boundaries, roads, and strips of vegetation beside
least 1 m wide, but do not need to be managed by waterways.
mowing. Field margins along a relatively wide brook Erickson and De Young (1994nalysed the atti-
or beside a river, pond or lake, have to be at least 3m tudes of 151 farmers in Washtenaw County, Michi-
wide. If such buffer strips are mowed, the resulting gan, USA, towards the management of windbreaks
biomass has to be collectesliIM, 2001). and woodland. They found that greater attention to

The purpose of this paper was to describe the aes-woodland management was associated with an aware-
thetic and ecological roles of field boundaries and ness of the benefits to be derived from trees and an
woodland patches in an agricultural landscape. Man- aesthetic and intrinsic orientation towards the land.
agement will be analyzed here by calculating the Erickson et al. (2002glso investigated the motiva-
change in social welfare (SW) that would ensue if tion of non-industrial private forest landowners in the
the remaining open ditch margins in one case area mid-west of the USA towards retaining and manag-
of 100 ha in Nurmijarvi, southern Finland, were lost ing their forest holdings and found that aesthetic ap-
through further subsurface drainage. The results may preciation was the strongest reason for owning and
be useful to establish the role of field boundaries protecting woodland patches, followed by environ-
and small woodland patches in the management of mental protection. Preference studies in Finland have

biodiversity in agricultural environments. concentrated on larger forest areas, urban forests or
afforestated landTyrvainen and Tahvanainen, 1999;
1.1. Aesthetic role of field boundaries and Tahvanainen et al., 2001; Tyrvéinen et al., 2001

woodland patches
1.2. Field boundaries and woodland patches as
Marshall and Moonen (2002)ssigned four func-  wildlife habitats
tions to field boundaries, i.e. (1) agronomic (stock
fencing, land ownership); (2) water protection (pol- Little or no disturbance takes place in field bound-
lution and erosion control); (3) nature conservation aries that have a perennial vegetation, in contrast to
(species refugia, corridors for movement, feeding and the annual species characteristic of fieldishin et al.,
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1997). According toLe Coeur et al. (1997and Ma was found to increase the density of the wood pigeon
et al. (2002) adjacent fields may affect the boundary Columba palumbus. nests in planted woodlands in
vegetation indirectly, e.g. through mechanical treat- England (nglis et al., 1994, while species such as the
ments, fertilizer misplacement or pesticide diffteijn fieldfare Turdus pilarisL., the greenfinchCarduelis
and Verbeek (200Qkported gradual changes in vege- chlorisL., and the yellowhammeEmberiza citrinella
tation composition according to distance from a field, L. (Pitkdnen and Tiainen, 20Dhave been observed
and they also found a close relationship between in- to breed in woodland patches and feeding on fields in
creased nutrient application to the crop and decreasedFinland. Whether a certain bird species is capable of
species richness in the boundary vegetatida.et al. nesting in a woodland patch is certainly dependent at
(2002) found boundary width to be an indicator of least on the size and quality of the patch.

species richness and expected this to be related to en-

vironmental gradients arising from the degree of dis-

turbance caused by the adjacent field. 2. Material and methods
The beneficial role of boundaries in terms of
wildlife and environmental protection is well docu- An area of 100 ha situated in Nurmijarvi (625—

mented Marshall and Moonen, 2002Many inver- 60°26N, 24°39-2440E), southern FinlandFig. 1)
tebrates overwinter in field boundarieBayram and was analyzed. The soil types vary from clay soils to
Luff, 1993; Pfiffner and Luka, 20Q0birds nest and  mud soils, and carex peaflaanmittaushallitus, 1969
feed there Tiainen and Pakkala, 20D0The plant cereal production being typical of the ar&a(va et al.,
species composition and structure of the boundaries 2007).
are important factors for various animalBafyram The land use classification which served as a basis
and Luff, 1993; Backman and Tiainen, 2Q02lto- for digitization by means of the Arcinfo (version 8.0.2)
gether 239 plant species were found in field boundary GIS (geographical information system) program em-
surveys in Finland 1995-19994rmi and Helenius, ployed a total of eleven categoriesli¢tala-Koivu,
2002. 1999. The material for the 100 ha was clipped out
The major variables for species diversity in land- of digitized material comprising 2400 ha taken from
scape patche$6rman and Godron, 1981are habitat three aerial photographs of scale 1:10,000 produced
diversity, disturbance, area, age, matrix heterogeneity, by the National Survey of Finland in 1954, 1973,
isolation, and boundary discreteness. The most com-and 1997 Kietala-Koivu, 2002. The habitats recog-
mon tree and shrub species in woodland patches of nized were >30 iy clumps of trees and bushes within
southwestern Finland are forest species sucBas  farmland being defined as woodland patches when
tula pendulaRoth.,Picea abied.., Pinus sylvestrig.., >2000n?, larger ones being classified as forests.
Sorbus aucuparid.., Salixspp.,Juniperus communis  Bare rocky patches within fields were classified as
L., Populus tremuld.. (Mikk and Mander, 1996 The stone blocks. Field boundaries were either: ditch
role of woodland patches for invertebrates seems to margins dividing parcels of arable land or field mar-
vary according to species group, with the mobility of gins bordering non-arable land. Being line elements,
forest species being an important explanatory factor wide ditches were buffered to form polygons and
for their existence in woodland patchd®e@ford and defined as being 1 m on both sides of the digitized
Usher, 1994; Fournier and Loreau, 2001 line (i.e. a total width of 2 m) Klietala-Koivu, 1999,
Bedford and Usher (1994fpund the richness of  2002.
carabid beetle and spider species to be highest in Changes at the class and landscape levels were as-
the edge communities between woodlands and arablesessed using the FRAGSTATARC software (ver-
fields and species composition in such edge commu- sion 3.0,McGarigal and Marks, 1995 The indices
nity more similar to that of the field than that of the chosen to describe class level changes in field bound-

forest. aries and woodland patches between 1954, 1973, and
Bird species breeding in forest islands require these 1997 were class areas (CA), number of patches (NP),
to be of a certain critical sizeK{rlaviéius, 1995. and total edge lengths (TE). In addition, distances

The presence of mature hedgerows and small woodsfrom the nearest woodland patches during the period
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Fig. 1. Location of the case area of 100 ha in Nurmijarvi, in southern Finland.
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concerned were calculated to assess trends in the isowhile the total for field margins decreased slightly
lation of such patches. between 1954 and 1973 (from 11,593 to 11,258 m),
Overall landscape level diversity was assessed by more markedly by 1997 (to 8841 m).
calculating Shannon’s diversity index (SHDI) and Average area, number, and total edge length of
Shannon’s evenness index (SHEMdGarigal and woodland patches within fields decreased from 1954
Marks, 1995; Hietala-Koivu, 1999, 20R2SHDI = 0 to 1973 {able 1. The class area, number, and total
when the landscape contained only one patch, and theedge length increased by 1997able 1 Fig. 2). The
value increased with the number of patch types and/or shortest distance from one woodland patch to the next
as the proportional distribution of the area among decreased generally during the period concerned with
patch types became more equal. However, the SHEI a substantial decline taking place in 1997. Both SHDI
was also used to describe the distribution of land use and SHEI decreased from 1954 to 1997.
types by area. This index expressed evenness as the
observed level of diversity divided by the maximum
possible diversity for a given patch richness and var- 4. Discussion of drainage
ied between 0 and McGarigal and Marks, 1995
At the national level, an average of 500 m/ha of
open ditches has been replaced with subsurface drains
3. Results (Helenius et al., 1995 To assess the social costs of
further subsurface drainage in the study area, the fol-

From 1954 to 1997Table J) the average area of the lowing analytic_al framework has been dev_eloped.
ditch margins decreased by 69% (from 5.8 to 1.8ha) '€ Production of a crop (e.g. barley) in the case
and their number by 88%, (from 323 to 40) in the &reawas expressed as= f(x), wherey is the yield
study area. The area of field margins decreased slightly (<9/h@) andx the fertilizers used (kg/ha). This pro-
during the period concerned, from 0.7 to 0.5 ha, while duction function was assumed to be concave with a
their number increased temporarily from 38 to 49 in decreasing marginal return for fertilizer use. The ef-
1973. The agricultural landscape had become more fective cultivated area of arable land was higher for
homogeneous by 1997Fig. 2) with a pronounced subsurfacei(= 1) than for open ditch drainage £

decrease of ditch margins (from 97,896 to 30,537 m), 0), but subsurface_draingge also has higher technol-
ogy costki1 > ko (including annual repayments of

Table 1 the investment and maintenance costs) than open ditch
Changes in patches, shannon’s diversity and evenness indices indrainage. A farmer’s problem is to choose the appro-
case area of 100 ha in Nurmijérvi, southern Finland priate level of fertilizer use to maximize his profit;]
Patch type changes 1954 1973 1997 per hectare:
Class area (ha) 7 = max {pf(x;) —cx — k;}, fori =0,1 1)
Ditch margins 5.8 35 1.8 !
Field margins 0.67 0.66 052  wherep andc are the prices of the crop and the fertil-
Woodlots 0.54 029 044  jzer, respectively. After profit maximization, the more
Number of patchesnj profitable drainage technology is chosen.
Ditch margins 323 149 40 The relevant question for society is whether subsur-
Field margins 38 49 23

face drainage is desirable considering the effects on
nutrient runoffs, landscape diversity, and species di-
Total edge length (km) versity in addition to profitability. When these effects

Woodlots 9 7 9

Ditch margins 98.9 580 305 are taken into account the social welfare (SW) func-
Field margins 116 113 8.8 . )
Woodlots 0.9 0.6 0.8 tion can be expressed as:

Distance between woodlots (m) 189 195 160 SW = 7(s) — dn(s) — dp(s) + bLp(s) + bsp(s), (2)
SHDI 0.85 0.73 0.62 : . .
SHEI 031 0.28 024 wheres is the amount of cultivated area with subsur-

face drainager is private profitabilitydy is the social
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Fig. 2. Land use changes in the case area of 100 ha in Nurmijarvi, in southern Finland, between 1954, 1973

, and 1997.
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damage from nitrogen runoffdp is the social dam-  in diversity benefits and increase in nitrogen runoffs.

age from phosphorus runoffl,p is the social benefit ~ As a consequence, from the society viewpoint further
from landscape diversity, artgp is the social benefit  subsurface drainage should not be undertaken.

from species diversity. From society’s viewpoint, sub- Due to uncertainty related to the social damage of
surface drainage should be increased to the point atnutrient runoffs and the social benefits of landscape di-
which the social benefits are equal to the social costs. versity and species diversity a sensitivity analysis was
That is, until the net marginal benefit of additional conducted. It was searched for critical values of social
hectare under subsurface drainage is zero, which isdamage and benefit estimates under which the optimal

expressed ds strategy would change (that is, to increase subsurface
drainage in the area). This break-even approach (see,
7'(s) —dy(s) —dp(s) +bip(s) +bgp(s) =0 Pannell, 199 revealed the fact that given the rea-
) ) - ) ) sonable range of values for each damage and benefit
) -) estimate none of them would not change the optimal
) strategy alone. However, if all damage and benefit esti-

mates are adjusted favourably for subsurface drainage
Barley represented 30% of the crops in the study then, e.g. the simultaneous combination of 70% de-
area Palva et al., 2001 An assessment of the prof-  crease in nitrogen damage estimate, 70% increase in
itability of subsurface drainage yaataja and Peltola  phosphorus damage estimate and 70% decrease in di-
(2001)showed that investment in subsurface drainage versity benefit estimate would make further subsurface

for barley cultivation was profitable, resulting in  drainage socially desirable in the case area.
annual benefits 0€ 7.57 ha.Turtola and Paajanen

(1995)analyzed the influence of improved subsurface

drainage in terms of soil erosion, phosphorus losses, 5. Conclusions

and nitrogen leaching in southwest Finland. As a result

of improved subsurface drainage, runoff of particulate  Changes occurring at the class and landscape lev-
P decreased from 0.69 to 0.58kg/ha, dissolved or- e|s point to a process of landscape homogenization in
thophosphate P from 0.12 to 0.09kg/ha and nitrogen Nurmijarvi. Patch numbers, class areas, and total edge
leaching increased from 7.0 to 14.0kg/ha. The social |engths of the field boundaries decreased markedly as a
benefits of reducing nitrogen and phosphorus runoffs consequence of subsurface drainage during the period
were estimated to b€ 1.60kg of nitrogen anc 1954-1997. The same trend was observed in wood-
24.89 kg of phosphorus/ghkasalo, 1999 The social  |and patches. The aesthetic and ecological values of
benefits of landscape diversity and species diversity field boundaries and small woodland patches within

were estimated to be: 54.83 ha fakkula, 1999. fields depend on their age, disturbance rate, and man-
Using above parameter values the social desirability agement forman and Godron, 1981

of further subsurface drainage in the case area can be A protection of the remaining ditch margins from
assessed. The difference in social welfare between tWOdearance seems essential for preserving biodi\/ersity
drainage systems can be written as follows: in agricultural landscapes, but requires some financial
support.The main result of the present study is that
ASW= Ar — 1.6 ANrunoffs — 24.89 APrunoffs the few hectares of land that still have open ditches
+54.83 ADiversity, p | 5p. should not be subsurface drained.
Small woodland patches within fields and field

The replacement of the remaining open ditches by ondaries have both an aesthetic and ecological role
subsurface drainage would decrease social welfare byjy the agricultural landscape. Critical factors for these

€ 27.55ha. This result mainly comes from a decrease (gjes are the age, disturbance rate, area and shape
T . . _ of the patches. The overall decline in landscape di-
It is assumed here that by comparison to open ditch drainage,

subsurface drainage increases farmer's profits, reduces nitrogenvers’lty durlng past decades was malnly due to the

and phosphorus runoffs and decreases landscape diversity, andl0SS Of open ditch margins on account of subsurface
species diversity. drainage. It is hence recommended that the remaining
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ditch parcels be retained, because the detrimental Fournier, E., Loreau, M., 2001. Respective roles of recent hedges
effects in terms of landscape diversity and species di- and forest patch remnants in the maintenance of ground-beetle
versity would be greater than the benefits in terms of (Coleoptera: Carabidae) diversity in an agricultural landscape.
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