
i 

Influence of Abandoned Farmland and Protection Fencing 
on Agglomeration and Connectivity of Wild Boar Habitat around Orchard Fields 

 

- Field survey in an island with citrus fruit production in the Seto Inland Sea Area - 
 

 

TAKEYAMA Emi*, SASAYAMA Shinsei**, NONAKA Yoshinori*** and KUKI Yasuaki**** 

 
* Faculty of Agriculture, Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime 790-8566, JAPAN 

** Ehime Prefecture Gov., Chuyo Regional Office, Department of Industry and Economy, Industry Promotion 

Division, 3021 Ohura-Nakajima, Matsuyama, Ehime 791-4501, JAPAN 

*** Fuyo Consultant Co., Ltd. 2-38 Tsuji-machi, Matsuyama, Ehime 790-0063, JAPAN 

**** Graduate School of Environment and Life Science, Okayama University, 3-1-1 Tsushima-naka, Kita-ku, 

Okayama 700-8530, JAPAN 

 

Abstract 

Agglomeration and connectivity of wild boar habitat were measured in this paper for an island with citrus fruit 

production in the Seto Inland Sea Area. As a result, forests as natural habitat was separated into 44 patches by cultivated 

fields, while connected woodland adjacent to abandoned fields (as additional habitat) was represented by 13 patches. 

The maximum patch size was 12.3 ha for woodland, which increased to 41.0 ha with connected habitat. Additionally, 

if unfenced cultivated fields behave as corridors between habitat patches, 80% of the habitat area was connected. Fences 

have a function to protect fields, but also habitat. We showed the locating method of key patches and corridors with 

described habitat connectivity using a graph.  
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1. Background and Purpose 
 

As damage to farmland and crops by wild boars in Japan 

becomes increasingly serious, the relationship between the 

composition of the rural landscape, the spatial configuration of 

forests, and damage to farmland is attracting more attention. 

Previous studies have shown that damage to farmland is more 

severe when the area of forests in the hinterland is large (Nomoto 

et al., 2010), and that the proportions of abandoned land and of 

forest land in each community have a positive effect on the 

occurrence of damage to farmland (Honda, 2007). In addition to 

the area of forests, studies have focused on the agglomeration of 

forests, the habitat of wild boars, and the occurrence of damage in 

the surrounding area. They showed that forest connectivity is an 

important factor in the formation of wild boar habitat (Harashina 

et al., 1999) and that damage to farmland by wild boars is more 

common around large green areas and less common around small, 

scattered green areas (Kawakami and Kamihogi, 2006). 

Citrus orchards are often located on slopes in the Seto Island 

Sea Area (Matsuoka, 2007) and are generally in a state of “small 

dispersed complex plots” (Matsuoka and Ninomiya, 2005). Thus, 

citrus-growing areas are a mosaic of farmland and forest, and the 

forests that provide habitat for wild boars are also fragmented by 

citrus orchards, and so are considered less suitable as habitat. 

However, in recent years, damage by wild boars has become more 

serious in citrus-growing areas (e.g., Takeyama and Kuki, 2008). 

Previous studies have shown that citrus fruits are the main food 

source for wild boars in September when their nutritional status is 

the poorest (Kodera and Kanzaki, 2001), that mandarin oranges 

are the main food source for wild boars on islands (Koba et al., 

2009), and that discarded citrus fruits around citrus orchards are 

the main food source for wild boars (Hogen, 2012). It is assumed 

that citrus feeding is contributing to the increase in wild boar 

populations. In addition, a study (Ueda and Jiang, 2004) on 

orchards confirmed that wild boars use abandoned orchards as 

feeding grounds during the fruit ripening period. Yamamoto 

(2001) pointed out that the abandonment of farmland may 

contribute to the formation of new green areas that provide habitat 

for wild animals. 

In this study, we evaluate the effects of abandoned fields and 

protective fences around orchard areas on the connectivity of wild 

boar habitats in a citrus-growing area and examine the 

effectiveness of the evaluation method from the perspective of 

designing and planning community-wide measures to prevent 

damage by wild boars. 
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2. Research Methods 
 

2.1 Scope of the survey 

Previous studies evaluating the aggregation and continuity of 

biological habitats include join analysis using raster data 

(Yamamoto et al., 2002; Yoshikawa, 1999) and analysis using the 

index CON for evaluating forest continuity (Harashina et al., 

1999). However, existing numerical map data maintained at the 

regional level cannot distinguish differences in the spatial degree 

of human influence (Ichinose et al., 2008), and it is difficult to 

detect new natural areas such as forests in rural areas due to the 

abandonment of agricultural land (Yamamoto, 2001). In 

particular, it is difficult to distinguish between farmland and 

wasteland (Mochizuki et al., 2007). Therefore, in many cases, 

studies targeting a wide area treat only green areas and forests as 

wildlife habitats (e.g., Harashina et al., 1999). However, wild 

boars not only use forests but also abandoned fields as feeding 

grounds and resting places during the daytime (Kodera et al., 

2001; Ohashi et al., 2013). The damage to fields caused by wild 

boars is strongly related to the distance from abandoned fields 

(Nomoto et al., 2010). Therefore, it is not appropriate to evaluate 

habitats by focusing only on forests. 

In this study, we conducted a detailed land-use survey at a 

narrow area level, i.e. an agricultural community, and created a 

land-use map that classified agricultural land under cultivation, 

abandoned land, and forests. 

 

2.2 Areas covered by the survey 

The target area of this study is District A of Nakajima 

(Matsuyama City, Ehime Prefecture), which belongs to the 

Kutsuna Islands in the Seto Inland Sea, Japan. Nakajima is an 

island with an area of 21.1 km2 and a population of 2,993 (as of 

January 1, 2013). According to an interview conducted in July 

2013 at the JA Nakajima Agricultural Support Center, wild boars 

were previously absent from Nakajima, but in September 2000, 

the island’s early ripening mandarin oranges were attacked for the 

first time. Since no small animals such as raccoons or weasels 

inhabit the island, it is assumed that wild boars are responsible for 

feeding damage to early ripening mandarin oranges. According to 

Matsuyama City records, the first wild boar was captured on the 

island between January and March 2001 (month and day not 

specified). Since there is only one chicken coop on the island and 

no pig or cattle barns, and no evidence of boar breeding, it is 

assumed that the wild boars crossed the sea and invaded the island. 

Since then, the damage has gradually increased. In 2013, damage 

has spread to all areas of the island. The number of wild boars 

captured on Nakajima in 2013 was 561 (according to Matsuyama 

City, including the hunting period). 

District A is a citrus-growing area with a total of 46 farm 

households and 53 ha of cultivated land (all in orchards), and no 

paddy fields (Census of Agriculture and Forestry, 2005). There are 

no plantation forests, and all existing forests are secondary forests. 

The northern and western borders of the district are formed by the 

coastline. 

According to interviews conducted in May 2012 (Takeyama, 

2013), damage by wild boars was first observed in District A in 

2002. The damage became more serious around 2011, and by 

2012, all farmland in the district had been damaged. The damage 

included citrus eating damage, damage to citrus trees and 

branches, and digging up of stone walls and surface soil of 

farmland. In addition, there was serious damage to sweet potatoes 

grown for private use. In response to this, protective fences were 

installed around fields. However, the fences were destroyed or 

broken through one after another, and the damage did not stop. In 

each of the fiscal years 2010 through 2013 there were 1, 32, 55, 

and 55 wild boars captured, respectively. However, wild boars 

were still sighted during the daytime in 2013, suggesting that the 

boar population had not decreased. 

Takeyama (2013) installed a total of 12 infrared sensor cameras 

in District A to investigate the presence of wild boars. The infrared 

sensor cameras were set to capture 10 seconds of video after 

detecting an animal and were scattered throughout the district 

using wild boar field signs as a guide. The survey period was from 

May 29, 2012 to January 29, 2013. All 12 sensor cameras 

confirmed the presence of wild boars during the entire survey 

period, and it was inferred that wild boars were continuously 

inhabiting the entire District A. 

 

2.3 Survey methodology 

Polygons were created from ortho-rectified aerial photographs 

(surveyed in 2000, provided by Ehime Prefecture Agricultural 

Land Development Division) by visually identifying the 

boundaries of land parcels. The target area was the entire area 

(113.0 ha) included in District A on the cadastral map. ArcGIS 

(Ver. 10) was used for mapping and analysis. 

First, a land classification map (acquired in May 2012, courtesy 

of the Nakajima Branch Office of Matsuyama City) was 

superimposed on the white map to determine the land 

classification of each polygon. Fig. 1 shows the area ratio by land 

category. 

Second, a current land-use map was prepared. In this paper, 

from the viewpoint of focusing on land that can be used by wild 

boars, we divided the land use into three categories: “forests,” 

“abandoned fields,” and “cultivated fields.” Cultivated fields was 

further divided into two categories: “fenced fields” and “unfenced 

fields.” First, polygons with land classifications of “mountain 

forest,” “security forest,” and “precinct” were designated together 

as forests. Next, a field survey was conducted from October 23 to 

November 13, 2012 on polygons of land classified as “uplands” 

to identify cultivated fields and abandoned fields. Field surveys 

were also conducted from November 27 to December 12, 2013, to 

supplement these surveys and to confirm whether fences were 
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installed around the cultivated fields, and to identify fenced and 

unfenced fields. Although wire mesh fences, electric fences, and 

net fences were fence types in the surveyed areas, these types of 

fences are not considered in this paper. In addition, for the areas 

where cultivation status could not be visually confirmed because 

they were surrounded by thickets, we interviewed local farmers 

on July 17, 2014, to determine the land-use classification. 

 Third, patches were created for each land-use category. When 

two or more polygons of the same land-use category were adjacent, 

they were merged into a single patch. “Adjacent” includes cases 

where the polygons were bounded by points and cases where they 

were adjacent to each other across a road less than 4 m wide 

(except for roads in villages). In the former case, the presence or 

absence of tie points was confirmed both on the lot maps and ortho 

aerial photographs. In the latter case, it is known that the presence 

of wild boars is suppressed on main roads and in villages (Honda 

and Sugita, 2007; Kawakami and Kamihogi, 2006). Furthermore, 

according to the Land Improvement Project Planning Guidelines 

and Rural Environment Improvement (Planning Department, 

Structural Improvement Bureau, Ministry of Agriculture, Forestry 

and Fisheries, 1997), agricultural village roads should be at least 

4 m wide. According to the Building Standard Law, buildings 

cannot be constructed unless they are, in principle, adjacent to a 

road 4 m or more in width. Therefore, a road with a width of 4 m 

or more was designated as the main road in the district and was 

used as a structure to divide the wild boar habitat. The width of 

the road was determined from ortho aerial photographs using the 

distance determination tool in ArcGIS. 

 

2.4 Analysis method 

We analyzed the agglomeration and connectivity of each habitat, 

assuming two cases of wild boar habitat: case 1, forests only; and 

case 2, forests and abandoned fields (a patch comprising the 

combination of these two is hereafter referred to as a “habitat 

patch”). Specifically, we used area (ha), occupancy (pi), number 

of patches (n), average patch size (ha), and maximum patch size 

(ha) as parameters for land-use agglomeration. Parameter RSi 

(Turner et al., 2004), the relative size of the largest patch in land-

use category i, is used as a parameter for land-use category 

connectivity: 
 
 
                         (1) 

 
 

where, LCi represents the maximum patch size (ha) of land-use 

category i and A represents the area (ha) of the entire space under 

consideration. 

Next, as case 3, we analyzed the connectivity of wild boar 

habitats with the help of graph theory, assuming that forests and 

abandoned fields were used as habitat patches as in case 2, and 

that unfenced fields could be used as corridors. In graph theory, 

networks are abstracted by points (nodes, vi) and lines (edges,  

vi vj) and represented by a diagram (graph) composed of nodes and 

edges. In the fields of landscape ecology and forest ecology, this 

method is used to evaluate connectivity of wildlife habitats and 

deals with connectivity among patches by replacing patches with 

nodes (Ecological Society of Japan, 2011). In this paper, arbitrary 

points of habitat patches were replaced by nodes, and when 

patches were directly connected by unfenced fields, the nodes 

were connected by edges to create a graph. Note that the length 

and angle of the edges have no meaning in this paper because the 

nodes are arbitrary points in the patches. The connectivity was 

evaluated by focusing on the degree d(v) of each node (the number 

of edges connected to node v). 

 

3. Results 
 

3.1 Case 1: forests 

The measurement results showed 29.3 ha of forests (pi = 0.26) 

and there were 44 patches (Table 1). The largest patch size was 

12.3 ha (42.1% of the total forests patches), and four patches were 

larger than 1 ha. Forests patches tended to be scattered on a small 

scale on the edge of a ridge and on the fringes of the district (Fig. 

2). 

Uplands had an area of 71.3 ha (pi = 0.63), number of patches 

was n = 26, and maximum patch area was 33.3 ha. The area of 

uplands was 2.4 times that of forests, and the connectivity was 

higher relative to forests. However, RSi values were similar for 

forests (0.42) and uplands (0.47). 

 

3.2 Case 2: habitat patches 

The 71.3 ha of uplands was divided into abandoned fields and 

cultivated fields (Table 1 and Fig. 3). Cultivated fields accounted 

for 39.2 ha (pi = 0.35) and 55% of the total uplands. There were 

39 patches of cultivated fields compared to 26 for uplands. Mean 

and maximum patch sizes were also lower for cultivated fields 

compared to uplands, resulting in lower aggregation. 

Abandoned fields represented 32.1 ha (pi = 0.28), accounting 

RSi=
LCi

pi×A
 

forests
26%

land classification 
uplands

63%

houses
5%

roads
5%

others
1%

Fig. 1 Ratios of area by land category 
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for 45% of uplands. There were 81 patches, average patch size 

was 0.4 ha, and maximum patch size was 4.2 ha, indicating that 

small patches were scattered throughout the district. 

 Abandoned fields were considered to have been incorporated 

into the wild boar habitat, and habitat patches consisting of 

forests (44 patches) and abandoned fields (81 patches) were 

considered. The analysis showed that three patches of forests and 

37 patches of abandoned fields remained as patches consisting 

only of forests and abandoned fields, respectively, without being 

combined with surrounding abandoned fields and forests. The 

other 85 patches were merged into 10 patches of forests and 

abandoned fields. These patches were combined into 50 habitat 

patches with a total area of 61.4 ha (pi = 0.54). Focusing on 

forests patches, the 44 patches before the synthesis were 

aggregated into 13 patches by connecting them with abandoned 

fields. The average size of the patches including forests was 4.5 

ha and RSi was 0.70. Aggregation and connectivity were higher 

in case 2 than case 1. 

 

3.3 Case 3: traffic between habitat patches is possible via 

unfenced fields 

Cultivated fields were classified into unfenced and fenced 

fields. The area of unfenced fields was 11.8 ha, accounting for 

30% of the total cultivated fields. The location of the unfenced 

fields is shown in Fig. 4. These unfenced fields were considered 

fields where the cultivator knowingly accepted the damage done 

to fields and did not do anything to correct it due to the cost and 

other challenges associated with farmland management, in 

addition to iyokan and lemon orchards, which are considered less 

susceptible to damage.  

Next, habitat patches were replaced with nodes. The number of 

nodes was set to 50, and a graph was created by connecting 

adjacent nodes via unfenced fields with edges. There were 25 

nodes connected to adjacent nodes, and the remaining nodes were 

isolated points [d(vi ) = 0] that were not connected to any node. As 

a result, four clusters of nodes connected by edges were formed in 

(Fig. 4, excludes the isolated nodes). The number of nodes in each 

cluster was n = 18, 2, 3 (forests, and abandoned fields), and 2 

(abandoned fields only). When restricted to patches containing   

Table 1 Measurement results 
 Area 

(ha) 

Share 

pi 

Number of 

patches 

n 

Average 

patch size 

(ha) 

Maximum 

patch size 

(ha) 

RSi 

Forests 29.3 0.26 44 0.7 12.3 0.42 

Uplands 71.3 0.63 26 2.7 33.3 0.47 

 Cultivated field 39.2 0.35 39 1.0 14.3 0.36 

Abandoned fields 32.1 0.28 81 0.4 4.2 0.13 

Habitat patch (forest + abandoned fields) 61.4 0.54 50 1.2 41.0 0.67 

 Patches that include forest 58.6 0.52 13 4.5 41.0 0.70 

 

0 

200m 

0 500250 m

[legend]. 

White line: District boundary 

Thicket : forests 

The elevation map is based on tin data (provided by Ehime Prefecture 

Agricultural Land Development Division). 

 

Fig. 2 Spatial arrangement of forests 

Fig. 3 Spatial layout of abandoned and cultivated fields 
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forests, there were three clusters and one isolated point. 

The largest cluster with 18 nodes was extracted as a subgraph 

G′: 

 

G′ = {v1, v2, …, v18}   (2) 

 

where the nodes in { } represent the nodes that make up G'. 

The maximum order Δ(G′) of G′ was observed in v11: 

 

Δ(G') = d(v11) = 8.   (3) 

 

In addition, {v7, v11, v17, v18} and {v7, v9, v10, v11} including v11 

were all connected by edges. A graph in which all nodes are 

connected by edges is called a complete graph. The two complete 

graphs were connected by an edge v1v7 to a node v1 that represents 

a patch of maximum size 41.0 ha. That is, the largest area of 

habitat on the periphery of the district was connected to the 

smaller habitat network in the center of the district by the edge 

v1v7 (i.e., the unfenced field in [a], circled in Fig. 4). The patch 

area connected by the subgraph G′ was 49.2 ha. This corresponds 

to 80% of the total habitat patches. 

 

4. Discussion 
 

4.1 Influence of abandoned land on wild boar habitat formation 

The production of unshu mandarins in Ehime Prefecture peaked 

in 1975 and has been declining since. Therefore, it can be inferred 

that the 71.3 ha of land classification uplands area in District A 

represents the area of fields that were cultivated around 1975. At 

this time, forests area was 29.3 ha, divided into 44 patches, with 

the largest patch size of 12.3 ha. Kawakami and Kamihogi (2006) 

showed that damage to farmland by wild boars was distributed 

mostly around large green areas (500 ha) and less frequently 

around scattered small green areas of less than 10 ha. Kodera et al. 

(2006) reported that a single wild boar’s activity area was 137 ha 

based on a 5-day radiotelemetry survey conducted during summer. 

In the same survey conducted on three wild boars, the average 

activity area ranged from 81.4 to 132.4 ha (Kodera et al., 2010). 

Although the area of the wild boars’ activity zones varies 

depending on the research period and environment, the original 

area and layout of forests in District A were not sufficient for wild 

boars to use it as their daily habitat, based on the two reports. 

However, when fields are abandoned, the remaining cultivated 

fields are fragmented into small patches. Connecting the 

abandoned fields with forests aggregated 44 forest patches into 

the sum total of 13 patches. In addition, connectivity (RSi) 

increased significantly from 0.42 to 0.70. As a result, habitat 

patches increased 2.1-fold, from 29.3 to 61.4 ha, and the 

maximum patch size increased 3.3-fold, from 12.3 to 41.0 ha, 

compared to forest alone. 

Abandoned fields are known to provide food for wild boars, but 

the results of this paper showed that the damage is not limited to 

only that, but also increases aggregation and connectivity between 

forest areas, the original habitat of wild boars and allows more 

individuals to live around cultivated agricultural land. 

 

4.2 Effects of protective fences on wild boar habitat formation 

Assuming that wild boars can use fields without fences as 

corridors, 49.2 ha or 80% of the habitat patches, were connected. 

Focusing only on patches containing forest areas, 12 of the 13 

patches were connected, resulting in three clusters. In the central 

part of the district, there were areas of high connectivity between 

habitat patches, and these were connected to the largest patch on 

the district’s periphery, forming a highly clustered and connected 

wild boar habitat in the district. 

In other words, a field without a fence not only suffers damage 

from wild boars, but also increases the connectivity of the wild 

boar habitat in the entire district, allowing more individuals to 

inhabit the field. The counter measures taken by fences are 

generally regarded as “damage control” and are supposed to 

function to control the farmland inside the fences. However, our 

results indicated that installation of fences around farmland can 

also reduce the connectivity of wild boar habitat in District A. 

 

4.3 Habitat management practices that reduce aggregation and 

connectivity 

Habitat management is a method to improve the habitat of wild 

animals in the vicinity of farmland and to prevent damage to 

farmland. Studies in rice paddies have confirmed that farmland 

damaged by wild boars is located 400–500 m from forest edges 

(Honda and Sugita, 2007; Kawakami and Kamihogi, 2006;), and 

that individuals damaging farmland concentrate their use in a 200-

Fig. 4 Habitat patches connected by unfenced fields 
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m buffer area between forest edges and the forest interior (Honda 

et al. 2008). Therefore, it is recommended that a buffer zone be 

constructed at the forest edge as a method of “habitat management” 

to prevent wild boars from entering agricultural lands. However, 

such a method is less suitable in orchard areas with low 

agglomeration of farmland. 

Therefore, in this paper, we examine a new habitat management 

approach that reduces habitat connectivity throughout the district 

by targeting and focusing measures on sites that play an important 

function in the formation of habitat networks. 

For example, the patch represented by node v1 was the largest 

patch located on the district perimeter and considered of high 

importance as wild boar habitat. However, such patches are large 

in area, and i  t is difficult to completely exclude wild boars from 

them. Additionally, the patch represented by v11 was connected to 

the surrounding eight patches via an unfenced field and plays a 

central role in the habitat network. Therefore, if environmental 

improvements such as mowing and trapping are intensively 

applied to these patches, the connectivity of the wild boar habitat 

can be reduced. 

The habitat network centered on v11 was connected to the 

largest habitat patch in the district by an unfenced field [a] (Fig. 

4). In this case, fencing off [a] separates the two, thus impeding 

the movement of wild boars. 

In areas with a high proportion of farmland, such as District A, 

a high proportion of the surrounding wildlife depends on farmland 

for food (Kodera et al., 2013). Wild boars are omnivores and 

change the farmland they use as a feeding ground according to the 

harvest time of crops. In other words, an environment in which 

wild boars can freely move between farmlands within a district 

according to the harvest time of crops is important for maintaining 

the population. In this regard, it has been pointed out that when 

different types of patches are in close proximity in the same 

landscape, landscape complementation occurs and a large 

population can be maintained (Dunning et al., 1992). Therefore, 

reducing aggregation and connectivity of wild boar habitats in an 

area and inhibiting their free movement is expected to contribute 

to population reduction by reducing the amount of food for wild 

boar. 

 

4.4 Habitat network analysis in design and planning of 

community-wide animal damage control measures 

In this paper, we showed that it is possible to extract patches 

and corridors that play an important role in maintaining 

connectivity in a wild boar habitat network by using a graphical 

representation of connectivity among habitats. This method is 

expected to allow identification of the points in the entire rural 

space where priority measures should be taken and to design and 

plan measures that are both fast-acting and cost-effective. 

In addition to the presence or absence of damage to farmland, 

the actual farming conditions and farming intentions of individual 

owners influence the method of animal damage countermeasures 

(Kuki & Takeyama, 2008). In other words, the implementation of 

animal damage control measures is strongly influenced by the 

personal motivations of each farmland owner. In contrast, habitat 

network analysis using graph theory enables quantitative 

evaluation of the impact of animal damage countermeasures on 

specific farmland for the entire region, and pinpoints effective 

countermeasures based on scientific evidence. This is expected to 

provide a scientific basis for the design and planning of 

community-wide animal damage prevention measures and to be a 

planning method that supports consensus building for the 

implementation of animal damage prevention measures. 

 

5. Conclusion 
 

We evaluated the aggregation and connectivity of wild boar 

habitat. We found that abandoned fields connected forest areas, 

which are the original habitat of wild boars and increased habitat 

aggregation and connectivity. In addition, habitat connectivity 

was further enhanced when unfenced fields functioned as 

corridors between habitats. Fences can be expected not only to 

control damage to internal farmland but also to function as habitat 

management by breaking up and isolating habitats on a small scale, 

creating a landscape that makes it difficult for wild boars to 

inhabit the farmland area. 

In addition, this paper shows that habitat network analysis using 

graph theory can be used to identify points where priority 

measures should be taken. This method is expected to enable 

designing and planning of community-wide animal damage 

countermeasures based on scientific evidence. 
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