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a  b  s  t  r  a  c  t

Natural  vegetation  enhances  the  value  of agricultural  landscapes  for people  and  wildlife.  However,  the
role of anthropogenic  versus  topographic  factors  in  driving  the  extent  of natural  vegetation  cover  within
agricultural  lands  at large  spatial  scales  remains  unexplored.  I assessed  the  influence  of  anthropogenic
and  topographic  variables  on  the  extent  of  agricultural  mosaics  with  high  natural  vegetation  cover  in  the
country  of  Turkey  where  a large  extent  of natural  and  semi-natural  vegetation  is maintained  by tradi-
tional  agriculture.  GIS  layers  depicting  human  land  use,  elevation,  slope,  roads  and  population  data  were
obtained  and  summarized  at two  spatial  scales,  within  provinces  and  for  100 km2 grid  cells covering  the
country’s  entire  agricultural  land  area.  Average  farm  size  was  also  obtained  at  province  level.  Hierarchi-
cal  Partitioning  was  conducted  to determine  the  independent  effect  of  anthropogenic  and  topographic
variables  on  the  variation  in  agriculture  with  high  natural  vegetation.  Slope  had  the  largest  indepen-
dent  effect  on the variation  in  the  proportion  of  agricultural  mosaic  with  high  natural  vegetation  cover.
The  extent  of  agricultural  and settlement  area  also  explained  much  of  the  variation  in natural  vegetation
across  both  grid  cells  and  provinces.  The  proportion  of natural  vegetation  increased  as  human  population
and  road  density  decreased  across  grid  cells and as  average  farm  size  decreased  across  provinces.  These
results  suggest  that  while  topography  is the  primary  driver  of natural  vegetation  cover  within  agricultural
mosaics  in  Turkey,  the pressures  associated  with  urban  development  and  agricultural  industrialization
may  also  influence  the cultural  and  wildlife  value  of  agricultural  landscapes.

© 2016  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Nearly half of the earth’s terrestrial surface is utilized by humans
for crop and livestock production (Ellis and Ramankutty, 2008).
However, there is great variation in the type and intensity of
agricultural land use (Ellis et al., 2010). Agriculture ranges from
vast monocultures used to produce a single crop to highly het-
erogeneous landscape mosaics that support multiple ecosystem
functions (Altieri, 1995). In recent years, interest has grown in
assessing the value of different agricultural landscapes beyond
food production (Swinton et al., 2007; Tagliafierro et al., 2013),
such as for conservation of biodiversity (Martin et al., 2014; Pekin
and Pijanowski, 2012; Tscharntke et al., 2005) and cultural her-
itage (Beilin et al., 2014; García-Llorente et al., 2012; Plieninger
et al., 2014). Consequently, a variety of subsidies and investment
schemes have been enacted to conserve traditional agriculture and
to increase the conservation value of farmlands often with posi-
tive outcomes (Hiron et al., 2013; Vickery et al., 2004). However,
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assessments of the factors driving the spatial distribution and
extent of natural vegetation cover in agricultural lands at regional
scales are lacking.

Natural features of agricultural landscapes have been particu-
larly neglected in rapidly industrializing countries such as Turkey,
where they are at the most risk of being lost. There is evidence
that Turkey’s traditional low input agriculture, and associated nat-
ural landscape features (Redman and Hemmami, 2008), have an
important role in supporting rare and threatened species (Pekin,
2013). Owing to its highly variable climate and unique geogra-
phy, Turkey encompasses three of the planet’s major biodiversity
hotspots (the Mediterranean, Caucasian, and Irano-Anatolian) and
harbors exceptionally high biodiversity for a temperate country
of its size (Ş ekercioğlu et al., 2011). However, much of this bio-
diversity is currently threatened from poorly designed land use
policies (Ş ekercioğlu et al., 2011) that generally favor agricultural
industrialization over traditional farming (Aydin, 2010; Keyder and
Yenal, 2011). There is thus an urgent need to understand how pol-
icy related changes in human activities and land use may  impact
the natural features of Turkey’s agricultural landscapes.
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My  objective in this study was to assess the role of anthro-
pogenic stressors in shaping the natural features of agricultural
landscapes in Turkey as indicated by the presence of nat-
ural or semi-natural vegetation cover within the agricultural
mosaic. While anthropogenic factors such as industrialization may
reduce the natural vegetation found in agricultural landscapes,
topographic factors that limit the suitability of the land for indus-
trial farming are likely to determine the spatial extent and location
of these changes. It is thus important to account for variation in
topography when assessing anthropogenic impacts on agricultural
land cover dynamics. To this end, I calculated elevation and slope
along with human land use and population across all 81 Turkish
provinces and 100 km2 grid cells covering the country’s entire agri-
cultural land area. I then related the proportion of the agricultural
mosaic with high natural vegetation cover to anthropogenic and
topographic variables at these two spatial scales to assess the rela-
tive impact of anthropogenic stressors on the natural and cultural
value of Turkey’s agricultural landscapes.

2. Methods

2.1. Study region

Turkey is located in the eastern end of the Mediterranean Basin
(Fig. 1a) and spans in latitude from the 36th parallel in its southern,
to the 42nd parallel in its northern extent. Being located between
two major seas, the Mediterranean and Black sea, the country has
a considerable amount of coastline with relatively mild and wet
climate. However, the climate varies greatly from the coastal to
interior areas, and from north to south due to the presence of
several large mountain chains. Some inland areas receive as lit-
tle as 250 mm of mean annual precipitation which can reach over
2000 mm in the eastern Black Sea region. Mean annual tempera-
tures vary from approximately 19 ◦C in Antalya, a major city on
the Mediterranean coast in the south of the country, to 5 ◦C in
towns and cities of the eastern highlands. Sharp transitions in cli-
mate are common throughout the country due to highly variable
topography.

2.2. Natural vegetation cover within the agricultural mosaic

GIS data of agricultural land use for Turkey as well as Europe was
obtained from CORINE land cover (CLC) 2006 as 100 m resolution
pixel raster (European Environment Agency, 2011). In the CLC, agri-
cultural land uses are categorized into arable land, permanent crops
(e.g., orchards, vineyards), pastures, and heterogeneous agricul-
tural areas. The latter category is composed of four subcategories,
one of which is “Land principally occupied by agriculture, with sig-
nificant areas of natural vegetation”. This category is defined by an
agricultural use of less than 75% of the land with the remaining land
being occupied by natural or semi-natural vegetation. This agricul-
tural landscape mosaic, referred to as ‘agriculture with high natural
vegetation’ (AHNV) from here on, is likely to be an important land
use type for wildlife in the Mediterranean Basin as it exemplifies the
human modified semi-natural landscapes that are characteristic of
the high biodiversity of the region (Zamora et al., 2007). In Turkey,
semi-natural vegetation patches in agricultural mosaics often con-
sist of native trees such as oaks that are used for shade and fuel
wood. Tree and shrub patches are commonly found at field mar-
gins, and large trees can sometimes be seen in the middle of fields.
The understory of these trees and tree patches is often grazed and
provide an important shaded area for livestock to take refuge dur-
ing the hottest months. Riparian vegetation along stream and creek
beds is also often left intact, and planting and harvesting of poplars
is common. It is important to note that other agricultural lands,

such as pastures or permanent crops such as olive groves, may  also
comprise important habitat for wildlife. However, my  focus in this
study is on agriculture with natural vegetation as one of the main
agricultural land use types with high nature value in the region.

2.3. Land use and topographic data

Several other land use and topographic data were obtained (see
Table 1). Total agricultural land area which included all arable
land, permanent crop, pasture, and heterogeneous agricultural area
classes, along with human settlement area were also obtained from
the CLC. Human settlements included all CLC land uses classified as
artificial surfaces such as urban, industrial, commercial, and trans-
portation units, as well as green urban space and sports facilities.

Elevation and slope were calculated from a Digital Elevation
Model (DEM) covering the entire country of Turkey at 3′′ reso-
lution (De Ferranti, 2014) using the Terrain Analysis tool in QGIS
(QGIS Development Team, 2014). GIS shapefiles showing loca-
tion of all roads and settlements in Turkey were obtained from
OpenStreetMap (Haklay and Weber, 2008). Gridded population
estimates at 1 km resolution were obtained from Global Rural-
Urban Mapping Project, GRUMP (CIESIN, 2011).

The total area and number of farms within all 81 Turkish
provinces was  obtained from the Turkish Statistical Institute
(2014). Total farm area was divided by the number of farms to
obtain average farm size within each province.

3. Data analyses

Patterns and correlates of AHNV were explored at two  spatial
scales. First, the proportion of AHNV, agricultural area and set-
tlement area, as well as average elevation and slope, population
density, and average farm size (see Table 1) were summarized
across all 81 provinces (Fig. 1b). Second, proportion of AHNV,
agricultural area and settlement area, as well as slope, elevation,
population density, and road density (see Table 1) were summa-
rized across 7382 10 km × 10 km (100 km2) grid cells (Fig. 1c). Road
density was calculated as the total length of all roads within grid
cells in QGIS. Road density was included among explanatory vari-
ables to provide a proxy for how utilized the landscape is by humans
in grid cells that may  have few or no settlements. Average farm
size was  not used at grid scale because the data were not avail-
able at that scale. All 81 provinces were included in the analyses.
Grid cells that fell entirely or mostly on water bodies such as lakes
and those with no agricultural land area were excluded from fur-
ther analysis. There are no country scale summaries available for
the CLC classes. Hence, I also calculated total agricultural area, and
area of AHNV at the country scale, for all countries included in the
CLC database. This was done to provide context for the extent and
relative importance of this land use class within the region. Com-
parisons between countries (e.g., Turkey, Spain, France, etc.) were
conducted to provide context for the study.

Independent effects of anthropogenic and topographic variables
on AHNV at province and grid scales were tested using hierarchical
partitioning (Chevan and Sutherland, 1991; Mac  Nally, 2000) with
the hier.part package (Walsh and Mac  Nally, 2012) in R (R Core
Team, 2009) at both grid and province scales. Hierarchical parti-
tioning is a semi-parametric regression based method where the
significance of the contribution of each variable is based on good-
ness of fit measures conducted on multiple randomized versions of
the original data matrix (Mac  Nally, 2002). The approach is based
on a Multi-Model Inference framework which is more appropri-
ate for analyzing multidimensional data than classical regression
approaches that require hypothesis testing. Hierarchical partition-
ing is especially useful for overcoming multicollinearity which is
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