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Abstract: Field margins are an important component of the agro-environment as they
contribute to maintaining ecosystem functions and protecting biodiversity. To our knowledge,
however, little is known as to how plant community composition and diversity differ depending
on type and management of field margins. We surveyed 12 field margins (4 connected intact,
4 isolated intact, and 4 isolated and treated with herbicides and mowing) and recorded the
composition of herbaceous and woody vascular plants. Based on the data, the effects of
connectivity, weed control management, local and landscape context on the field margin
community composition were examined with relevant environmental variables at local and
landscape scales using multivariate statistical techniques. The field margin plant community
was clearly explained by structural connectivity of the field margin and adjacent forest. The
plant composition of a field margin was strongly related to environmental variables at the
local and landscape scale. Mean percent cover of the dominant plant species was
significantly affected by weed control, but plant community composition was not. There were
significant differences in native, exotic, woody and herbaceous richness between connected
and isolated field margins. However, all communities had a similar number of nectar plants,
which become an important source of ecosystem services. Our results suggest that
landscape structure is more important in determining plant community composition than the
management practices of field margins. Management practices may be more important in
determining species dominance than species composition and richness. Thus, different
management regimes are required to conserve biodiversity as well as ecosystem service
provided by the nectar-rich flowers in field margins.
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1. Introduction

Agricultural intensification has led to a simpldigon of agricultural landscapes and significantcttural and
functional changes of natural ecosystems (Grimnale2000). Nutrient cycling and food webs have been
disturbed due to application of chemical fertilzend pesticides, introduction of nonnative flond fauna, and
conversion of native habitats in an agriculturermgiNewton 1998 in Marzluff and Ewing 2001). Inighway,

the ecological footprint of agricultural regions shalramatically increased (MA 2005). Consequently,
environmentally sustainable agro-environment sciseane taken into consideration to maintain ruradlihoods,
conserve biodiversity of rare and sensitive speaesl provide critical ecosystem services (Barraduand
Martinet 2011).

One important component of agro-environment scheémesaintaining ecosystem functions and biodivgrist
arable the field margin adjacent to a field (Butktral. 2007; Vickery 2009). The vegetated marghth

cropped and uncropped, provide valuable wildlifbitas for invertebrates (Moreby and Southway 1308l|s

et al. 2001), birds (Vickery 2002; Douglas et &09; Wuczynski et al. 2011), and small mammals (€¢wl.

1994) across arable farmlands without changingpirgppatterns. Field margins act as buffers agalisgtersal
of nutrients and pesticides to adjacent naturabystems (de Snoo 1995). Field margins are alsangortant
reservoir of native herbaceous plants (Dajdok anatayhski 2008) and flower-rich field margins perfor
valuable ecosystem services like natural pest obatd pollination (Bianchi et al. 2006; Carvella¢t2007).
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Understanding how plant communities within fieldrgias respond to human-caused disturbance and hew w
can protect and enhance plant diversity will hedpmaximize their ecological functions. It is wetiaimented
that field margin plant communities are affected amjacent land cover types (Le Coeur et al. 1967the
surrounding landscape, as well as the width of maagd management practices (Le Coeur et al. 1B@Ti et

al. 2009). However, despite much research on thiigest in recent years, our understanding of hoantpl
community composition differs among field margipég depending on management regimes is still iicgrit

to provide farmers with specific guidelines for serving and enhancing ecosystem services. We oelatbiv
what local and landscape-level factors drive contjpos structure and diversity of plant communitgcarding

to the nature of field margin.

In this study we compared the plant community cositiin of three types of uncropped field margins in
conventional crop fields: (1) connected intactdiehargins to adjacent large forest patches, (2atisd intact
field margins, (3) isolated field margins periodigacut or herbicide-treated. We tested if weed tooin(i.e.,
herbicide application and mowing), and connectiofield margins and forests influence plant spgciehness
and community composition. We further examined #ifect of local environmental factors and varying
landscape contexts on these field margin plant conities.

2. Methods

2.1 Study Site

Twelve (4 connected intact, 4 isolated intact, dnc ‘ T Heina 3
isolated and treated with herbicides and mowir Ea v
field margins were selected in Yanggu-gun, Sou. - ' d
Korea (region A: 3817°'N, 1288°E; region B: 385" A Yangau gun
N, 1283 E) (Fig. 1). All the field margins were ‘ /
located in an altitude range of 300 to 600 m. hmfa a4 ! regons
fields, typical vegetables like onioAl{ium cepal.), <98 b N
lettuce (actuca satival..), radish Raphanus sativus - & 07" (o ~UA
L) etc, were cultivated under convention; =TT U e

conditions. The connected intact field margins tr
were adjacent to large forests and the isolatdd fi
margins were found in open landscapes. The Clo‘fiéf;re 1. Location of study sites in Yan-gun, Kores

distances between field margins and forests raiSymbols: @ Connected structural, not treated;/ Isolatec
from O to 91 m. Four of the isolated field margirstructural, not treated; 4 Isolated structural, reated witl

were treated with herbicides and mowing in sprifgrbicides or mowing)
2010.

2.2 Data Collection

2.2.1 Plant data

Three 10 m wide line transects were placed actusdield margin, from the field boundary to thedstr edge.
All herbaceous and woody vascular plants were ggd@long 36 line transects in June and July 2Uhére
was no significant difference in the field margimgth among the three field margin types (ANOVA, & =
2.059,p = 0.144). In each line transect, we recorded ggegiesent within a radius of 0.5 m along the nsave
line. Observed species were classified into plawugs: herbaceous and woody species, native anticexo
species, and nectar species. Classification of@atnd exotic species was based on Kim et al. (20@ant
coverage was measured in the field margins, reptiegethe total distance intercepted by each spealieng a
transect. Percent coverage was calculated by diyitlie total distance intercepted by each spegidbétotal
transect length.
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2.2.2 Environmental Variables

We gathered a set of local-scale environmentabizées for each field margin, including elevatiospect, slope,
solar radiation, wetness index, and field margidtiyi which are abiotic factors affecting plant gtbwWe used
a Garmin GPS 60 Cs to determine exact field maetgmation. Aspect, slope, and wetness index wdoelleded
from a 30-m digital elevation model using ArcGIS 9ESRI). DiGeM 2.0 was used to estimate the paknt
sum of solar radiation per year (Conrad, 1998).8l8e measured landscape-scale environmental vesiaising
ArcGIS 9.1. A land cover map (TERRECO, 2010) wasdut® estimate the fraction of land cover (forgsass,
and agriculture) around center locations of limnsects within different buffer classes (50, 1310, 2500, and
1,000 m). Forest cover includes hardwood, pine, ranekd forest. Grass and agricultural land coveesyare
dominated by herbaceous plants and farm fieldpectiely.

2.3 Data Analyses

To examine changes in plant community compositios,used multivariate statistical methods, whiclowadd
us to (1) identify discrete plant communities nefatto field margin type, (2) examine relationshipstween
plant species and environmental variables, ande{@al ecological and functional differences betwdiscrete
communities.

2.3.1 Community Composition

We used nonmetric multidimensional scaling (NMD@$) itlentify variation in the composition of plant
communities inhabited in the three field margingypThis is a nonparametric ordination techniqag doesn’t
need assumptions about the shape of the specieibution or the relationships between species oecues
and the environmental gradients. NMDS graphicadlpidts patterns of ecological communities, via méazing

the rank-order correlation between distance measamd distances in reduced ordination space (CIE9R8).
NMDS also provides a useful method for overlayimyienmental factors. NMDS was performed using a
Sorensen’s (Bray-Curtis) similarity index deriverh relative differences in species richness amfield
margin types. Species found in < 5% of the linegexts were removed from the ordination analysiavimid
spurious effects of rare species (McCune and G286R2). We performed a Monte Carlo permutation wast
100 randomizations to determine overall signifieao€ the ordination. Plant species communities aprfaeid
margin types were compared by using multi-respgesenutation procedures (MRPP; Mielke 1991) based on
Sorensen’s index. MRPP is a nonparametric procethakttests the hypothesis of no difference in igsec
composition between groups (i.e. field margin typesll Statistics were commuted with R 2.12.0 (R
Development Core Team 2010). We used the fundil@aMDS and MRPP in R with the package vegan
(Oksanen et al. 2008). The functienvfit(vegan package) was also used to overlay envirotaheariables and
examine the relationship between environmentalabdes and in the ordination of species distribigi@amd
sample sites.

2.3.2 Community Comparison

We calculated the number of species in each o$pleeies groups at each site. Differences in speciesess of
each group among field margin types were testatgusilinear mixed model ANCOVA with field margin dth

as a covariate. Field margin type was fixed eff@d#cause transects were nested within field marfigid
margin identity was considered a categorical randeffect. We also used Tukey’s multiple comparison
procedure to test differences between pairs of conities. The linear mixed model was implementedigishe
functionIme from the R package nime (Pinheiro et al. 2008kelis multiple comparison was performed via
the package multcomp (Hothorn et al. 2008). Proamalysis, we checked the assumptions of normatity
homogeneity of variance in the statistical mod@&isly native species richness was log-transformeuidet the
requirements of normality and homoscedasticity.aBse transformed woody species richness didn’t these
assumptions, we performed the multiple comparisststafter Kruskal-Wallis rank sum test using thekage
pgirmess (Giraudoux 2006). Fisher’s exact test alas used to test weed control treatment’s effechean
percent cover of 10 dominant species in isolateldl fimargins with and without weed control applioati The
species were chosen because they exist generallymaisant species in open landscapes.
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3. Reaults

3.1 Plant Communities

There were a total of 110 species present in #d fhargins. We excluded 39 species which occuatddwer
than 5% of the line transects from the ordinatioalgsis. However, all 110 species were includetha plant
community comparisons. 85 and 25 species were beooa and woody plants, respectively. 70% of thal to
plant species were nectar plants. 87 species vegieerspecies and 23 species were exotic species.

3.2 Community Composition
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Figure 2.NMDS ordination of plant species communities ini¢ll fmargins. With the exception of the pair Isethintact-
Isolated and treated,ommunity composition among the three field margjres significantly differed (based onridywise
a = 0.05) based on overall and pairwise comparisoasdal on MRPP results (inset).

We used a three-dimensional solution with a stofsk5.0 because the change in NMDS stress was #tb w
additional dimensions (Monte Carlo test, p < 0.04¢Cune and Grace, 2002). The three axes together
represented 85.2% of the variance in plant comrasiusing a linear fit-based? Rieasure (Oksanen et al.
2008). Field margins tended to group together alingrto the field margin types in ordination plwidicating a
similarity in plant community composition (Fig. Zfhe MRPP analyses confirmed substantial overlafield
margins in isolated intact and treated field masgm ordination plot indicated compositionally sianispecies
assemblages (A = -0.0058= 0.604; Fig. 2). Plant communities differed sfgpaintly between connected intact
and isolated field margins, regardless of weed robratpplication (A = 0.0865p < 0.001; Fig. 2). Vectors
overlaid onto the ordination plot using environnamnariables showed the direction of the changsimmunity
patterns relative to the local- and landscape-sealégronmental variables as well as the maximurmetation
with the NMDS ordination (Figs. 3a, 3b). A corréat analysis confirmed that sites and species stoohgly
according to not only local but also landscapeeseariables (Figs. 3a, 3b, 3c, and 3d). The mogbitant
local- and landscape-scale variables were asgeuggt®n, slope, and solar radiation and amourfibiEfst, grass,
and agriculture cover, respectively. Particulaglgpe, solar radiation, and amount of forest anttaljure cover
were correlated with NMDS axis 2 that drove treimdspecies composition (Figs. 3c, 3d). In other dgor
communities are clearly separated by these localdandscape-scale variables.
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Figure 3. NMDS ordinations of sites of connected mathted field margins, with (a) loc-scale environmental variables
and (b) landscape-scale environmental variabledy(eariables with f > 0.4 are shown), of plant species, with (c) local-
scale environmental variables and (b) landscapdeseavironmental variables.

3.3 Community Comparison

Mean species richness over all communities was a8dBwas not statistically different between thed¢hfield
margin types (Fig. 4). There were no significarffedlences in community guilds between two typessofated
field margins. Communities in connected intactdi@hargins had the highest number of woody spedigs a
communities in isolated field margins had a higimber of herbaceous species. Native species weististdly
more common in communities of connected intactfiglargins than in isolated and treated field margand
exotic species were more common in communitiesafated field margins than in connected field masgAll
communities had similar numbers of nectar speditan percent cover of dominant species of isolattatt
field margins was significantly different from thet isolated and treated field margins (Fisher'aaxestp <
0.001).
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Figure 4. Richness of (a) species, (b) woody spe@herbaceous species, (d) native species x@jcespecies, (f) nectar
species in connected intact (Cl), isolated intatt @nd isolated and treated (IT) field margins @net se). Cot: Covariate
term. *** p < 0.001, ** p < 0.01, * p < 0.05, ns: ot significant.

4. Discussion and Conclusions

In our study area, field margin plant assemblage @early explained by structural connectivity beéw field
margin and forest. The plant composition of a fieldrgin was linked strongly with not only local baiso
landscape-level environmental factors. Of particutgportance to plant community composition wereataes
such as local-level aspect, slope, and solar iadiand landscape-level amount of grass and atuieutover at
multiple scales. Although weed control managemedt’t affect species richness in isolated field gias,
communities in isolated and treated field margimseasignificantly lower in numbers of native spedikan in
connected intact field margins (Fig. 4). Mean petasover of dominant species was also affected bgdwv
management. Field margin structure and manageméithwaffect microclimatic parameters and dispersal
patterns have been shown to be important to plaetgity (Le Coeur et al. 1997; Sosnoskie et aQ2ridley
et al. 2009; Tarmi et al. 2009). Our analyses rexkdistinct species composition and guild comparsiof field
margins according to contiguity with adjacent fora@sd management. We also identified importantosurding
land cover types with varying spatial distance shoé¢ds that were important predictors of the ptaorhmunity
in the agricultural landscape.

The field margin isolation from surrounding fores¢sulted in a different community composition agithe
connected field margin to adjacent large forestgardless of weed control application. Althoughdigenot test
the effects of weed control treatment in connefitdd margins, landscape structures such as adjeeth cover
types and connectivity may be more important iredaining plant community composition than managemen
practices. This is because the adjacency betwestd fnargin and forest can create different microatie
influencing plant regeneration and growth and irdwubfferent plant colonization mechanisms related t
dispersal mode and capacity (Chen et al. 1993; d2evinck et al. 2005). We confirmed that community
composition was clearly sorted by local-scale eninental variables characterizing a microclimaterdéver,
the amount of forest, grass, and agriculture covane highly significantly correlated with NMDS axisand 2
(Figs. 3a, 3b), in terms of habitat connectivityggesting that plant dispersal by abiotic (unasdisind wind)
and biotic means (insects, birds, and mammalstiaffee distribution of plants in different commued in the
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agricultural landscape. Communities in field masgatljacent to forests were highly associated vighpercent
cover in forest and grass within 50 m of field mardgcation. Other studies suggest that grass patelithin 50
m of each other would be considered connected lfortp with unassisted or wind dispersal (Geerts2@@b;
Soons et al. 2005). Therefore, most species wiittiakdispersal in connected field margins may hawgreater
sensitivity to fragmentation (Minor et al. 2009)n @e other hand, some communities in isolated fisargins
had more long-distance association with amoungatalture cover (Fig. 3d). These plants probalayébiotic
dispersal (ingestion or adhesion dispersal) and bgajess sensitive to habitat fragmentation. Fursitedy is
recommended to confirm dispersal spectra of fiemrgim plant community—surrounding landscape stmnectu
interactions.

Pesticide application in fields has been shownetantpportant to biological diversity (Fisher and brg 1997;
De Snoo 1999). In our study sites, community cortjpmsand guild species richness between isolatéaict
and isolated and treated field margins communitiese not different. In addition, there was onlynsiigant
difference in native species richness between adadéntact and isolated and treated field marditgs means
that species richness in a field margin in an dpedscape is resilient to mowing and pesticidediseirbance.
Weed control management affected mean percent agvdominant species, indicating this disturbanee c
influence herbaceous plant succession and coldmizedtes witihin field margins. Thus, managemenatcfices
may be more important in determining species doniadhan species richness.

Connected field margin communities were statidtfchigher in numbers of native species and lower in
herbaceous species than isolated and treatednfigfdin communities. On the other hand, isolateld figargin
communities had statistically higher numbers of texapecies and lower number of woody species than
connected field margin communities. Interestinglgspite these significant differences in plant dgyilall
communities had similar numbers of nectar plantsicivbecome an important source of ecosystem svic
Thus, while all communities are the subject of @mmation concern for agricultural ecosystem sewyicéferent
management regimes are required to conserve bisitivas well as ecosystem services provided byhdwar-
rich flowers in field margins.

Decline and deterioration of field margin habitatgl their fragmentation (Barr et al. 1991) predlergats to the
conservation of plant diversity in agricultural tcapes. Although our analysis addressed the impfct
landscape structure and management practices oresm®mposition and richness, we didn't consitigttime-
scale impacts. Further studies are needed on fibetbf field margin structure, management, antheotivity
on temporal variation in plant community compositend diversity. In addition, our results pointhe need to
qguantify and compare biodiversity-driven agroectaysfunctioning and services provided by differéatd
margin community compositions.

References

Barr C., Howard D., Bunce R., Gillespie M. Hallam 91. Changes in hedgerows in Britain between 19841880. In:
Report to Department of the Environment, Institut&errestrial Ecology, Merlewood Research Statiorarige-over-Sands,
UK, p. 13.

Barraquand F., Martinet V., 2011. Biological conséiprain dynamic agricultural landscapes: Effectigss of public policies
and trade-offs with agricultural productidacological Economics70:910-920.

Bianchi F., Booij C., Tscharntke T., 2006. Sustaieapést regulation in agricultural landscapes: Aewvon landscape
composition, biodiversity and natural pest contRsbceedings of the Royal. Society283:1715-1727.

Butler S.J., Vickery J.A., Norris K., 2007. Farmlaniddiversity and the footprint of agriculturgcience315:381-383.
Carvell C., Meek W.R., Pywell R.F., Goulson D., Nowak&ivM., 2007. Comparing the efficacy of agri-envinsent
schemes to enhance bumble bee abundance and tieersirable field margindournal of Applied Ecologyt4:29-40.

Chen J., Franklin J.F., Spies T.A., 1993. Contrastirggoclimates among clearcut, edge, and interfiaidgrowth Douglas-
fir forest. Agric. For. Meteoro) 63:219-237.

Complex Terrain and Ecological Heterogeneity (TERREQOD)O0, International Research Training Group.

Conrad 0., 1998. Derivation of hydrologically sigcdgint parameters from digital terrain models. TaeBiept. for Physical
Geography. University of Géttingen, Goéttingen. Aable at: http://www.geogr.uni-goettingen.de/pg&digem/ (accessed
June 15, 2011).

Clarke K.R., 1993. Nonparametric multivariate anaysechanges in community structufustralian Journal of Ecology
18:117-143.

Dajdok Z., Wuczynski A., 2008. Alien plants in fieinargins and fields of southwestern PoldBiddiv. Res. Conser®-10:
19-34.

W Kang — Field Margins 185



2011 TERRECO Science Conference
October 2 — 7, 2011; Karlsruhe Institute of Tecbgyg] Garmisch-Partenkirchen, Germany

De Snoo G.R., 1999. Unsprayed field margins: efi@cenvironment biodiversity and agricultural preetLandscape Urban
Plan. 46:151-160.

Devlaeminck R., Bossuyt B., Hermy M., 2005. Seegadlisal from a forest into adjacent croplaAdriculture, Ecosystems
& Environment 107:57-64.

Douglas DJT, Vickery JA, Benton TG (2009) Improvithg value of field margins as foraging habitat fearmland birds.
Journal of Applied Ecology6:353-362.

Fisher A., Milberg P., 1997. Effects on the flofeegtensified use of field marginSwed. J. Agric. Re27:105-111.

Fridley J.D., Senft A.R., Peet R.K., 2009. Vegetastmcture of field margins and adjacent forestagricultural landscapes
of the North Carolina Piedmor@astanea74(4):327-339.

Geertsema W., 2005. Spatial dynamics of plant sgeti an agricultural landscape in the Netherlafdant Ecology
178:237-247.

Giraudoux., P 2006. Pgirmess: data analysis in oggol R package version 1.2.2. Available at
http://Ibe.univfcomte.fr/telechar/div.html.

Grimm N.B., Grove J.M., Pickett S., Redman C.L., 20@@egrated approaches to long-term studies o&rurbcological
systemsBioscience50:571-584.

Hothorn T., Bretz F., Westfall P., 2008. multcomjmdtaneous inference in general parametric modelpackage version
1.0-0. R Foundation for Statistical Computing, Vienfastria.

Kim M.J., Lym Y.J., Jeon W.S., 2000. The naturalipéant species in Korea. Science books, Seoul.

Kells A.R., Holland J.M., Goulson D., 2001. The wahf uncropped field margins for foraging bumblebdeurnal of Insect
Conservation5:283-291.

Le Coeur D., Baudry J., Burel F., 1997. Field margilamt assemblages: variation partitioning betweealland landscape
factors.Landscape and Urban Planning7:57-71.

Newton |., 1998. Bird conservation problems resgltinom agricultural intensification in Europe. Inakkluff J.M.,
Sallabanks R., (eds) Avian Conservation: researdmaanagement. Island Press, Washington D.C, pp.327-3

Millennium Ecosystem Assessment (MA)., 2005. Ectisps and human well-being: synthesis. Washingtad; World
Resources Institute.

McCune B., Grace J.B., 2002. Analysis of ecologicahcwnities. MjM Software Design, Gleneden Beach, OnedJSA.
Mielke P.W., 1991. The application of multivarigiermutation methods based on distance functiortearearth sciences.
Earth Sci Rey31:55-71.

Minor E.S., Tessel S.M., Engelhardt K.A.M., Lookiil T.R., 2009. The role of landscape connectiuityassembling exotic
plant communities: a network analystcology 90:1802-1809.

Moreby S.J., Southway S., Boatman N.D., 1999. Theoitance of the crop edge compared to the mid-fieldroviding
invertebrate food for farmland birds. In: BoatmarDN Davies D.H.K., Chaney K., Feber R., de Snoo G3Rarks T.H.
(Eds.), Field Margins and Buffer Zones: Ecology, aament and Policy. Aspects Appl. Biol. 54:217-222.

Oksanen, J., Kindt R., Legendre PH@ra B., Simpson G.L., Henry M., Stevens H.H., Wadte 2008. Vegan: community
ecology package. R package version 1.13-1. R Foiomdfair Statistical Computing, Vienna, Austria. hitgegan.r-forge.r-
project.org/

Pinheiro J., Bates D., DebRoy S., Sarkar D., R CoaenT008. nime: linear and nonlinear mixed effectglels. R package
version 3.1-89. R Foundation for Statistical CompmytMienna, Austria.

R Development Core Team., 2010. R: A Language andré&mwient for Statistical Computing. R Foundation ftatiStical
Computing, Vienna, Austria.

Soons M.B., Messelink J.H., Jongejans E., Heil G2005. Habitat fragmentation reduces grassland exdivity for both
short-distance and long-distance wind-dispersedasfdournal of Ecology93:1214-1225.

Sosnoskie L.M., Luschei E.C., Fanning M.A., 200%&ldrimargin weed-species diversity in relation todscape attributes
and adjacent land us@/eed Scien¢é5(2):129-136.

Tarmi S., Helenius J., Hyvbénen T., 2009. Importantedaphic, spatial and management factors fartglammunities of
field boundariesAgriculture, Ecosystems & EnvironmeaB1(3-4):201-206.

Tew T.E., Todd I.A., MacDonald D.W., 1994. Fieldngias and small mammals. In field margins: Inteigaagriculture and
conservation (Boatman N.D., ed.), pp. 85-94. BCPC dgomph 58. Farnham, Surrey: British Crop ProtectionrCo.
Vickery J., Carter N., Fuller R.J., 2002. The patntalue of managed cereal field margins as forgdiabitats for farmland
birds in the UK Agriculture, Ecosystems and Environmest: 41-52.

Vickery J.A., Feber R.E., Fuller R.J., 2009. Arabdf margins managed for biodiversity conservatidneview of food
resource provision for farmland birdsgriculture, Ecosystems & Environmeh83(1-2):1-13.

Wuczynski A., Kujawa K., Dajdok Z., Grzesiak W.,120 Species richness and composition of bird conitiesnin various
field margins of PolandAgriculture, Ecosystems & Environmefté1: 202-209.

W Kang — Field Margins 186



