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Community changes in carabid beetles (Coleoptera: Carabidae) 
through ecological succession in abandoned paddy fields 
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Abstract
Carabid beetle community changes in paddy fields, abandoned paddy fields, and mountains were investigated to un-

derstand differences in species diversity and composition of different habitat types in small agricultural landscapes in 

South Korea. A total of 2,938 individuals from 37 species were identified and classified from the studied habitats. Di-

versity in the mountains was higher than that in abandoned paddy fields. As the number of years since abandonment 

increased, the diversity and stability of the carabid beetle community also increased. Abandoned paddy fields in some 

paddy field areas and adjoining mountainous areas, left with preconditions for management and control, have provided 

the opportunity to improve the diversity and habitat of small agricultural landscapes. Species composition changed 

continuously from the paddy fields to the mountains, in accordance with individual species habitat preferences. Aban-

doned paddy fields in small agricultural landscapes are believed to play an important role as transitional buffer zones 

between paddy fields and the adjacent mountainous areas. 
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INTRODUCTION

A paddy field is a flooded parcel of arable land used for 

growing rice and other semi-aquatic crops. Paddy fields 

account for approximately 15% of the global arable land 

area (Huke and Huke 1997, Maclean et al. 2002). In South 

Korea, paddy fields are the most common type of agricul-

tural land, covering approximately 60% of all agricultural 

land. Additionally, rice cultivation is the most important 

agricultural industry and greatly influences the regional 

economy (Korea Rural Economic Institute 2005). How-

ever, land-use patterns of agricultural landscapes have 

changed due to physical and economic urbanization 

(e.g., buildings and pavement, less competitive pressure, 

and compensation systems for abandoning agricultural 

land). In particular, in addition to paddy fields in the low-

land areas, a number of paddy fields in hilly or moun-

tainous areas are no longer cultivated because of a rapid 

decrease in the rural population (Chae et al. 2007).

Recently, interest in abandoned paddy fields has in-

creased with respect to ecological restoration and suc-

cession. Abandoned paddy fields act as a bridge be-

tween paddy fields and secondary forests and decrease 

grassland-specific plant diversity within several years. 

Therefore, many studies have focused on evaluating veg-

etation in abandoned paddy fields (Lee et al. 2002) and  

factors causing changes in the composition of plant spe-

cies, such as soil moisture (Hakoyama et al. 1977), light 

conditions (Kang et al. 2004), and microclimate (Lee et 

al. 2002), under non-management and wet conditions 

during secondary succession. Some of these studies 

have examined the effectiveness of restoring abandoned 
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vasion of tree species). In the Republic of Korea, small 

tree species (mostly Salix spp. and Alnus spp.) usually 

invade fields at about 7 years after abandonment (Lee 

et al. 2002). In mountainous areas, we selected four sites 

dominated by Pinus densiflora Siebold and Zucc. The 

northeast slope of the abandoned paddy fields adjoined 

the mountain area, and the other edge of the abandoned 

paddy was surrounded by actively used paddy fields.

Data collection and analysis

To study diversity and structure of adult carabid beetle 

communities, we utilized pitfall trapping during 1-week 

trapping periods between mid-September 2003 and Oc-

tober 2005. In paddy fields, pitfall traps were installed on 

the levee between rice fields, because the inner areas of 

the paddy fields in which rice was growing were filled with 

water. However, in abandoned paddy fields, pitfall trap-

ping was conducted inside the sites. Eight pitfall traps (7-

cm diameter plastic cups), partially filled with propylene 

glycol, were installed at 4 m intervals at each site. Cara-

bid beetle diversity was calculated using the Shannon-

Weaver diversity index (H') (Shannon and Weaver 1949), 

the Margalef species richness index (Margalef 1958), the 

dominance index (d) (Berger and Parker 1970), and the 

evenness index ( J') (Pielou 1975). The Kruskal-Wallis test 

was used to investigate differences in the richness and 

abundance of habitats. Additionally, polynomial regres-

sion was used to fit the appropriate trend-line to the data. 

The statistical analysis was conducted using Minitab 15 

software (Minitab, State College, PA, USA).

An SOM was used to cluster the study sites and identify 

the carabid beetle distribution pattern. This algorithm is 

also called a Kohonen network and is a non-supervised 

artificial neural network used to reduce data dimension-

ality during non-linear data processing (Kohonen 1984, 

Chon et al. 1996, Kohonen 1998). In addition, several 

review articles have emphasized the efficiency and per-

formance of neural networks and SOMs for ecological 

patterning compared to conventional statistical meth-

ods (Gevrey et al. 2003, Kalteh et al. 2008). The detailed 

approach and methodological aspects can be found in 

other computational studies (Kohonen 1998, Kohonen 

and Hauta-Kasari 2008). 

Determining map size is an important feature when 

applying a SOM (Jeong et al. 2010). In this study, map 

quality was evaluated using two types of error values: a 

quantification error and a topographic error. The former 

is the most common method used to determine the to-

pological representation of the SOM. It uses the average 

paddy fields with respect to improved agricultural land-

scape biodiversity (Comín et al. 2001, Yamada et al. 2007, 

Uematsu et al. 2010). Paddy fields and abandoned paddy 

fields provide forage, refuge, and a place for overwinter-

ing or estivation for many species, including soil mac-

rofauna and microfauna, insects, and birds (Kato 2001, 

Thomas et al. 2004, Katoh et al. 2009, Paik et al. 2009). 

Among these, carabid beetles constitute an important 

component of the beneficial polyphagous predator fau-

na of cultivated land in temperate regions and are used 

as environmental change and habitat quality indicators 

(reviewed by Kromp 1999, Griffiths et al. 2007, Niemelä 

and Kotze 2009). More specifically, in wet habitats such 

as paddy fields, abandoned paddy fields, wet grasslands, 

riversides, and lowlands with different vegetation, lower 

soil pH, and higher soil moisture than surrounding areas, 

carabid beetles can be characterized by species composi-

tion, food preference, and habitat selection (Hengeveld 

1987, Luff et al. 1989, Eyre et al. 1990, Do and Moon 2002, 

Do et al. 2007). 

We monitored carabid beetles in a spatially connected 

area (paddy fields, abandoned paddy fields, and moun-

tains) to investigate differences in species diversity and 

composition for each habitat. The purposes of this study 

were to (1) investigate differences in diversity and spe-

cies composition of carabid beetles in paddy fields, aban-

doned fields, and mountains, and (2) to confirm changes 

in carabid beetle composition patterns that follow culti-

vation of abandoned paddy fields, thereby considering 

species composition, species characters, and appearance 

patterns using a self-organizing map (SOM). Confirma-

tion of the diversity and composition patterns of carabid 

beetles will provide information for effectively managing 

abandoned paddy fields.

MATERIALS AND METHODS

Study sites

The study was conducted in three habitat types: a 

paddy field, abandoned paddy fields, and mountain 

sites near Yangsan City, Republic of Korea. We selected 

four paddy field sites (cultivating Oryza sativa L.) that 

adjoined abandoned paddy fields (total, 1,600 m2). Aban-

doned paddy fields were divided into two groups: paddy 

fields abandoned for 2 years (total, 500 m2, three sites) 

and paddy fields abandoned for 7 years (total, 800 m2, 

two sites). The years since abandonment were based on 

a survey of the local residents and vegetation status (in-
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A total of 2,938 carabid beetles were collected in the 

paddy fields, abandoned paddy fields, and mountain-

ous area and were classified into 37 species. In the pad-

dy fields, 584 carabid beetles belonging to nine species 

were collected (Table 1, Fig. 1). The mountain site had 

the greatest number of species at 30, followed by the 

abandoned paddy field with 18 species: 18 species from 

the 7-year-old abandoned sites and 14 species from the 

2-year-old abandoned sites. The current paddy fields had 

the lowest number of species at nine. Statistically signifi-

cant differences in individuals of each species were ob-

served (Kruskal-Wallis test x2
 d.f.=252 

= 2,915.7, P < 0.01). 

Pheropsophus javanus, P. jesoensis, and Dolichus ha-

lensis halensis, which dominated the paddy field, were 

also abundant at lower relative species abundances (cf. 

Table 1).The same dominant species were found in these 

paddy fields, although the relative abundances were dif-

ferent. Pristosia vigil, Carabus sternbergi sternbergi, and 

Synuchus nitidus were dominant at mountain sites. 

The diversity index was higher for the mountainous  

area than that in the other habitats. As the number of 

years of abandonment increased, the diversity of carabid 

beetles also increased (y = 0.02201x + 1.0257, r2 = 0.79, P 

< 0.01). The diversity index, H′, of the mountainous area 

was 2.92 (second year of study, 2.95), whereas the diver-

sities of the 7-year abandoned paddy field, 2-year aban-

doned paddy field, and paddy field were 2.0 (2.05), 1.48 

(1.62), and 1.60 (1.50), respectively (Fig. 2). Although the 

evenness index, J', increased continuously with respect 

to the years of abandonment (y = 0.0313x + 0.5904, r2 = 

0.50, P < 0.01), the J' of the 2-year abandoned paddy field 

was lower than that for other habitats. In contrast to J', 

the dominance index, d, decreased as the number of 

years of abandonment increased.

distance between each data vector and the weight vec-

tor of the best-matching unit (BMU, the node that has 

the smallest Euclidean distance) and is usually used to 

measure map resolution (Kohonen1998). The latter is an 

alternative, extended index used to measure topologi-

cal preservation, which uses input samples to determine 

how continuous the mapping is from the input space to 

the clusters. This error measures the proportion of data 

vectors for which the first and second BMUs are not adja-

cent units (Kohonen 2000).

The SOM algorithm weight values were determined 

by linear initialization, which is more effective for accel-

erating the learning phase as well as a more appropriate 

method for recognizing patterns in small data sets, such 

as ecological data collected and measured over a short 

period. In contrast, the other common method, random 

initialization, sometimes causes a “boundary effect” near 

the edges of networks (Kiang et al. 2001, Su et al. 2002). 

However, linear initialization is constrained for select-

ing the best topological network due to the same weight 

value being used at the beginning of training. Thus, we 

attempted to vary the size of the SOM according to the 

possible range using the data number to mitigate this 

drawback of the model.

Because there is no strict rule for determining SOM 

size (Park et al. 2007), the optimal size of the SOM was 

determined by trial and error (from 2 × 2 to 10 × 10). We 

trained SOM models with different map sizes and se-

lected the model that exhibited the smallest topographic 

and quantification errors. After training, the SOM model 

nodes were clustered according to a calculated U-matrix, 

which discriminated one SOM node from another ac-

cording to the non-linearly calculated dissimilarity. SOM 

modeling was conducted using Matlab 6.1, and the SOM 

coding solution was based on the SOM Toolbox in Matlab 

(Alhoniemi et al. 2000). Further information on this mod-

eling approach can be found in Kohonen (2000). We used 

Matlab 5.3 and the SOM Toolbox in Matlab to develop the 

SOM model.

Experience in the use of SOM was gained using a time-

series dataset for the study sites. All data points were la-

beled for species and sites. The data were then clustered 

according to the calculated U-matrix, and habitat labels 

were distributed on the SOM plane. Each parameter had 

a respective SOM plane represented by gradient coding.

RESULTS
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Fig. 1. Species richness and abundance of each habitat. P, paddy field; 
A2, 2-year-old abandoned paddy field; A7, 7-year-old abandoned paddy 
field; M, mountain; (F), first year of study; (S), second year of study.
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Changes in species composition in different 
habitats

By applying the SOM, the study sites were divided into 

three groups based on the U-matrix (Fig. 3, quantiza-

tion error, 0.880; topographic error, 0.000). This figure il-

lustrates where each habitat was arranged on the SOM 

plane, and clusters are shown by thick solid lines around 

hexagonal nodes. The paddy fields and mountain areas 

were distinct from the abandoned paddy fields (Fig. 3). 

Compared with the input variable planes, the SOM plane 

labeled according to the habitat enabled us to infer the 

parameter attributes. 

The distribution patterns of the 37 species (input vari-
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Fig. 2. Ecological diversity indices of each habitat. P, paddy field; A2, 
2-year-old abandoned paddy field; A7, 7-year-old abandoned paddy field; 
M, mountain; (F), first year of study; (S), second year of study.

Table 1. Inventory of carabid beetles in each habitat

Species Abv.
Sites

P(F) P(S) A2(F) A2(S) A7(F) A7(S) M(F) M(S)

Calosoma inquisitor cyanescens Cin 0 0 0 0 1 0 3 3
Carabus sternbergi sternbergi Cst 0 0 0 0 0 0 24 33
Damaster jankowskii jankowskii Dja 0 0 0 0 0 0 18 13
Damaster smaragdinus branickii Dsm 0 0 0 0 0 0 8 9
Leptocarabus seishinensis seishinensis Lse 0 0 0 0 0 0 0 4
Nebria chinensis chinensis Nch 0 0 0 0 3 1 4 5
Nebria ochotica Noc 0 0 0 0 0 1 0 1
Lesticus magnus Lma 0 0 0 0 0 0 9 8
Trigonognatha coreana Tco 0 0 0 0 0 0 5 6
Pterostichus audax Pau 0 0 0 0 0 0 10 8
Pterostichus fortis Pfo 0 0 0 0 0 0 3 5
Colpodes buchanani Cbu 0 0 0 0 0 0 3 1
Platynus impressus Pim 8 4 12 17 23 31 0 0
Platynus magnus Pma 0 0 0 0 0 0 2 3
Pristosia vigil Pvi 0 0 0 0 0 0 38 32
Dolichus halensis Dha 87 99 25 33 34 30 16 11
Synuchus nitidus Sni 0 0 1 3 2 3 24 20
Synuchus melantho Sme 0 0 0 0 0 0 12 10
Anisodactylus signatus Asi 3 2 4 4 10 12 2 3
Harpalus capito Hca 5 4 17 14 13 10 14 10
Harpalus chalcentus Hch 0 0 0 4 6 0 3 2
Stenolophus fulvicornis Sfu 0 0 0 0 0 0 11 9
Amara ussuriensis Aus 0 0 3 7 15 11 7 8
Amara communis Aco 0 0 0 3 10 2 6 4
Amara simplicidens Aim 0 0 6 8 8 8 3 0
Chlaenius pallipes Cpa 5 4 7 6 12 10 0 0
Chlaenius variicornis Cva 0 0 1 4 3 6 0 0
Chlaenius bioculatus Cbi 0 0 0 0 6 7 18 19
Macrochlaenites costiger Mco 0 0 0 0 0 0 2 5
Dischissus mirandus Dmi 3 2 0 0 0 0 0 0
Demetrias marginicollis Dma 29 20 45 41 27 29 0 0
Lebidia octoguttata Loc 0 0 0 0 0 0 0 3
Lebia iolanth Lio 0 0 0 0 0 0 1 0
Planets puncticeps Ppu 0 0 0 0 0 0 4 0
Brachinus stenoderus Bst 0 0 0 0 0 0 2 3
Pheropsophus javanus Pja 100 81 244 220 158 146 0 0
Pheropsophus jesoensis Pje 67 61 140 189 85 81 0 0

Abv, abbreviation; P, paddy field; A2, 2-year-old abandoned paddy field; A7, 7-year-old abandoned paddy field; M, mountain; (F), first year of study; (S), sec-
ond year of study. 
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ables) on the SOM plane allowed us to categorize six spe-

cies groups (Table 2, Fig. 4). These species groups could 

be used to explain changes in species composition in 

response to paddy field abandonment. The gradients for 

D. halensis and Dischissus mirandus were highest in the 

paddy fields. The P. impressus, Anisodactylus signatus, 

Amara simplicidens, and Chlaenius variicornis popula-

tions were highest in abandoned paddy fields. Demetrias 

marginicollis, A. communis, P. javanus, and P. jesoensis 

showed their greatest numbers in the intergrades be-

tween the paddy fields and abandoned paddy fields. 

However, A. ussuriensis, and H. chalcentus intermittently 

displayed high values in the paddy fields, whereas the 

values for these species were typically higher in aban-

doned paddy fields and mountain areas. Eighteen spe-

cies showed high abundances in the mountain areas, 

including D. jankowskii jankowskii.

DISCUSSION

Carabid beetle diversity in abandoned paddy fields 

was higher than that in paddy fields. Carabid beetle di-

versity and composition were related to the cultivation 

system (e.g., cultivation with a fallow period, paddy field 

area, application of agricultural chemicals, etc.) and ad-

jacent habitat types (e.g., forest, orchard, dry field, pond, 

etc.) (Kinnunen and Tiainen 1999, Huusela-Veistola 1996, 

Petit and Usher 1998, Varchola and Dunn 1999). In partic-

ular, artificial management had a more negative effect on 

Table 2. Change in carabid beetles through the ecological succession

Habitat gradient Group (habitats) Species

Paddy field

Forest

I (P) Dha Dmi

 II (PA) Dma Pja Pje Cpa

III (A) Pim Asi Aim Cva

 IV (AM) Hch Aus Aco Hca

V (M)

Bst Cbu Cst Dja Dsm

Lio Lma Loc Lse Mco

Pau Pfo Pma Ppu Pvi

Sfu Sme Tco

   VI (M(P,A)) Cbi Cin Nch Noc Sni

P, paddy field; A, abandoned paddy field; M, mountain; Dha, Dolichus halensis; Dmi, Dischissus mirandus; Dma, Demetrias marginicollis; Pja, Pheropsophus 
javanus; Pje, Pheropsophus jesoensis; Cpa, Chlaenius pallipes; Pim, Platynus impressus; Asi, Anisodactylus signatus; Aim, Amara simplicidens; Cva, Chlaenius 
variicornis; Hch, Harpalus chalcentus; Aus, Amara ussuriensis; Aco, Amara communis; Hca, Harpalus capito; Bst, Brachinus stenoderus; Cbu, Colpodes buchanani; 
Cst, Carabus sternbergi sternbergi; Dja, Damaster jankowskii jankowskii; Dsm, Damaster smaragdinus branickii; Lio, Lebia iolanth; Lma, Lesticus magnus; Loc, 
Lebidia octoguttata; Lse, Leptocarabus seishinensis seishinensis; Mco, Macrochlaenites costiger; Pau, Pterostichus audax; Pfo, Pterostichus fortis; Pma, Platynus 
magnus; Ppu, Planets puncticeps; Pvi, Pristosia vigil; Sfu, Stenolophus fulvicornis; Sme, Synuchus melantho; Tco, Trigonognatha coreana; Cbi, Chlaenius 
bioculatus; Cin, Calosoma inquisitor cyanescens; Nch, Nebria chinensis chinensis; Noc, Nebria ochotica; Sni, Synuchus nitidus.

Fig. 3. The self-organizing map plane expressed by habitat labels. 
P, paddy field; A2, 2-year-old abandoned paddy field; A7, 7-year-old 
abandoned paddy field; M, mountain; (F), first year of study; (S), second 
year of study.
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crease habitat diversity from the previous paddy field. As 

plant diversity increases, it is accompanied by an increase 

in carabid beetle diversity. As the period following aban-

donment increased (2-7 years), the diversity increased, 

reaching its greatest level at the mountain site, which had 

not been subject to rice paddy cultivation. While the ini-

tial stages of abandonment showed little variation from 

the cultivated rice paddies, they showed small changes in 

community assemblages. However, a larger change in the 

larger carabid beetle species and tended to favor species 

preferring drier conditions (Blake et al. 1996). 

The abandonment of rice paddies results in the initia-

tion of secondary succession, which can lead to increas-

es in biodiversity. The process of abandonment releases 

space previously used for cultivation, which becomes 

available for other plant species, typically successional 

species, to utilize. This opening of space allows plants 

previously not present in the paddy field to grow and in-

Fig. 4. The results for each species (input variable) on the self-organizing map matrix. (a-f ) Group I-VI in the Table 2. Dha, Dolichus halensis; Dmi, Dischissus 
mirandus; Dma, Demetrias marginicollis; Pja, Pheropsophus javanus; Pje, Pheropsophus jesoensis; Cpa, Chlaenius pallipes; Pim, Platynus impressus; Asi, 
Anisodactylus signatus; Aim, Amara simplicidens; Cva, Chlaenius variicornis; Aus, Amara ussuriensis; Hch, Harpalus chalcentus; Aco, Amara communis; Hca, 
Harpalus capito; Bst, Brachinus stenoderus; Cbu, Colpodes buchanani; Cst, Carabus sternbergi sternbergi; Dja, Damaster jankowskii jankowskii; Dsm, Damaster 
smaragdinus branickii; Lio, Lebia iolanth; Lma, Lesticus magnus; Loc, Lebidia octoguttata; Lse, Leptocarabus seishinensis seishinensis; Mco, Macrochlaenites 
costiger; Pau, Pterostichus audax; Pfo, Pterostichus fortis; Pma, Platynus magnus; Ppu, Planets puncticeps; Pvi, Pristosia vigil; Sfu, Stenolophus fulvicornis; Sme, 
Synuchus melantho; Tco, Trigonognatha coreana; Cbi, Chlaenius bioculatus; Cin, Calosoma inquisitor cyanescens; Nch, Nebria chinensis chinensis; Noc, Nebria 
ochotica; Sni, Synuchus nitidus.

a

c

b

d
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Fig. 4. Continued
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individuals were habitat specific (cf. Fig. 3, SOM U-ma-

trix), but changes in species composition created a sere 

from the paddy field to the mountains. These results in-

dicate that abandoned paddy fields in small agricultural 

landscapes may play an important role as an aneco-tone 

zone, comparable to hedgerows between paddy fields 

and mountains. Efforts have been made by the South Ko-

rean government to enhance habitat quantity by creating 

small foothills, planting trees (e.g., willow, persimmon 

tree, chestnut), introducing no-cultivation (fallow) years, 

and alternating crops (practice crop rotation) (Korea Ru-

ral Economic Institute 2005). However, most abandoned 

paddy fields are privately owned, and many landholders 

who live near the city want their property status altered in 

the hope of a speculative investment, even though these 

management practices are ineffective (Hwang 2010). Of 

course, it is a serious problem that too many paddy fields 

are abandoned and become urbanized. Abandoned pad-

dy fields in some areas and adjoining mountainous areas, 

provided as a precondition that they be managed and 

controlled, are an opportunity to improve diversity and 

habitat quality in small agricultural landscapes.
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