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Land use has direct and indirect effects on the environmental conditions, which play a major role in
the dynamics and changes in landscape. In Central Europe, the hemeroby approach is broadly used
to quantify human impact on habitats and their vegetation. In this paper, the hemeroby approach
was adopted for studying the rural settlements in the East Asian Republic of Korea. Flora and habi-
tats of eight villages were analysed. The habitats were classified according to the five degrees on the
hemeroby scale (oligo-, B-meso-, 0-meso-, eu-, and polyhemerobic). Hemeroby indicator values
were derived for species that were typical of a specific level of hemeroby. Habitats with the same
level of hemeroby were grouped. The highest species number was found in habitats that were only
moderately influenced by man. This corresponds to the intermediate disturbance hypothesis. The
flora of habitats that were subject to the highest level of human impact (polyhemerobic) was charac-
terized by a high proportion of annual species, but unexpectedly not by the highest proportion of
non-native species.
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Introduction

Land use directly and indirectly influences environmental conditions, which play a major
role in the dynamics and changes in landscapes. In Europe, human impact on the flora and
vegetation is well analysed both for large cities and rural areas. Intensive land use causes
significant quantitative and qualitative changes in the flora, fauna, biocoenoses and habi-
tats (Tiixen 1961, Sukopp & Trautmann 1976). In settlements, the often highly diverse
flora and habitats reflect the numerous land use types (Hejny et al. 1978, Sudnik-
Wojcikowska 1986, Sukopp et al. 1990, Klotz 1990, Pysek 1998a, Zerbe et al. 2003). Ad-
ditionally, the occurrence of non-native species is recorded more frequently in cities than
rural areas and near natural vegetation (Falinski 1971, Lohmeyer & Sukopp 1992,
Kowarik 1995).

The hemeroby approach is a helpful tool in ecological analysis. In this paper, the Re-
public of Korea is taken as an example. Among the Asian nations, Korea has experienced
the fastest socio-economic development in the past few decades. This is indicated by the
decline in the rural population from ca. 95% in 1929 to ca. 9% in 1999 (Academy of Ko-
rean Studies 1991, Ministry of Agriculture and Forestry 2000). Consequently, the rural en-
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vironment with its traditional villages and land-use structures was strongly affected by this
development (Zerbe & Lee 2000). The process of urbanization of the rural settlements not
only optimized the exploitation of the natural resources, but also strongly increased the de-
struction of the natural environment in Korea (Lee 1982). However, there are no studies of
these rapid environmental changes, because most ecological studies of Korean settlements
focus on large cities (Schétzl 1992, Kim 1996, Song 1998, Oh & Lee 2000, Seoul City Ad-
ministration 2000).

This study aims to qualitatively and quantitatively assess human impact on the flora and
habitats in Korean rural settlements using the concept of hemeroby. First, the criteria for
evaluating the habitats are defined. The habitats in eight villages are then classified ac-
cording to the five degrees of the hemeroby scale, ranging from weakly to strongly af-
fected habitats. Hemeroby indicator values are attributed to species that are typical of habi-
tats with a distinct level of hemeroby. Finally, species richness, spectra of life forms, and
the performance of non-native species are analysed in relation to the degree of hemeroby
of the habitats.

The assessment of human impact on the flora and habitats in Korean rural settlements is
essential for programs of village development and the conservation of nature and cultural
identity in rural landscapes.

The concept of hemeroby for the assessment of human impact

Europe has a long tradition of assessing the naturalness of habitats and vegetation. Accord-
ing to the state of nature to which the man-induced changed state is related, two main ap-
proaches can be distinguished by their temporal perspectives: historical and status quo-
oriented concepts (Kowarik 1988, 1999). In the first, vegetation or habitats are related to
pristine nature, i.e. that which has not been affected by human impact (“urspriingliche
Vegetation” sensu Tiixen 1956). For example, the degree of naturalness of a site is how
similar it is to its original state without the influence of man. In contrast, status quo-orien-
tated concepts, such as the hemeroby approach, assess the naturalness of a site without ref-
erence to former conditions. In this case the highest level of naturalness is when the system
has not been affected by man and is self-regulated. A low level of hemeroby (= high level
of naturalness) may even occur on severely changed sites that will never be recolonized by
their former natural vegetation. These two approaches give different results for irrevers-
ibly changed sites, e.g. urban-industrial areas, and similar results for natural woodlands.
The hemeroby concept was introduced by Jalas (1955) and further developed by Sukopp
(1969; see also Kunick 1974, Blume & Sukopp 1976) and Kowarik (1988). Kowarik
(1990) defines hemeroby as “the sum of the effects of past and present human activities on
the current site conditions or vegetation, which prevent the development to a final stage”.
This concept also integrates the site conditions that were irreversibly changed by human
activities. Thus, the hemeroby approach allows us to assess human impact and the natural
development, respectively, even of strongly changed urban-industrial sites.

Both, the historical and status quo-oriented approaches may provide valuable informa-
tion on the role of humans in changing the environmental conditions of an area and the re-
sponse of natural processes. In Korea, the status quo-oriented concept is particularly ad-
vantageous because of a near complete lack of historical data on the natural Korean flora,
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vegetation and habitats. This significantly reduces the effectiveness of a comparative anal-
ysis from an historical perspective.

Study area

In 1997 and 1998, the flora and habitats of eight Korean villages and their surroundings
were investigated. The villages are located in central South Korea (Fig. 1) in different
types of Korean rural settlements with varying land-use types. Rice cultivation dominates
the lowland villages, dry field cultivation prevails in the mountainous region. The mean
annual precipitation in the study area ranges between 1,130 and 1,320 mm, the mean an-
nual temperature between 9.3 and 12.5 °C (Korean Meteorological Administration 2000).
The big difference in the mean temperatures of the warmest and coldest months (ca. 30 °C)
indicates a continental type climate.
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Fig. 1. — Location of the study area in Korea and the villages investigated.

Methods

The habitats in the villages are differentiated according to land use, which is a decisive site
factor in settlement areas (e.g. Schulte et al. 1993). In each village, 10 to 20 habitats were in-
vestigated. A total of 53 habitat types (e.g. hedges, dry fields, fruit tree plantations) with 157
specific habitats were found. The spontaneously occurring plant species and site characteris-
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Fig. 2. — Steps in the determination of the hemeroby values for habitats and plant species.

tics of the habitats were recorded, focusing on the direct and indirect effect of man on the
habitats. In order to analyse the varying human impact on the habitats, the rural settlement
areas were differentiated according to the following disturbance factors: (i) mechanical dis-
turbances of the soils (e.g., soil compression, ploughing, change in water balance by drain-
age or watering, soil sealing, embankment, waste deposition); (ii) direct mechanical distur-
bance of the vegetation (e.g., planting, harvesting plants or parts of them); and (iii) chemical
disturbance (e.g., changes in soil chemistry due to fertilizers or pesticides).

The method of ascribing hemeroby values to habitats and species is shown in Fig. 2. In
the first step, the habitats were ranked according to the hemeroby scale given in Table 1.
The impact of each of the above mentioned disturbance factors was estimated, applying
three categories (low, medium or high). The results were then compiled in a matrix (Table
1). Thus, for each habitat, the human impact is quantified, ranging from oligohemerobic
(very weakly influenced) to polyhemerobic (very strongly influenced). The habitats with
a similar degree of human impact were grouped according to their hemeroby value.
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Table 1. — Matrix for the assessment of human impact on the habitats (hemeroby), taking the three factors (i) me-
chanical disturbance of the soil, (ii) direct mechanical disturbance of the vegetation, and (iii) chemical distur-
bance into account.

Degrees of hemeroby Combination of the disturbance factors (irrespective of order)
H1  oligohemerobic low + low +low

H2  B-mesohemerobic low + low + medium

H3 o~ mesohemerobic low + medium + high

low + low + high
low + medium + medium
medium + medium + medium

H4  euhemerobic low + high + high
medium + medium + high

medium + high + high

H5  polyhemerobic high + high + high

Then the hemeroby value of the plant species is determined by working out frequency
spectra of the species (Fig. 2, Table 1). The weighted mean value of the species frequency
in the habitat groups was determined as a preliminary hemeroby value. For species which
occur with a frequency > 50% in those habitats with the same level of hemeroby, the
hemeroby value of this habitat group is adopted as the hemeroby indicator value for the
species. Species are regarded as indifferent to human impact, when they occur in more
than four habitat groups and show a high level of homogeneity (Gini coefficient < 0.2 —
Weiner & Solbrig 1984). Finally, the hemeroby indicator value of a species so obtained
was modified on the basis of field observations and expert statements (a complete list of
species with their indicator values is published in Kim 2001). The hemeroby scale given in
Table 1 can be applied to both habitats and species.

The total number of species and the occurrence of life forms and non-native species are
analysed with respect to the habitat groups with a different degree of hemeroby. Due to the
lack of information on the plant species occurring in Korea, the data on life forms and non-
native species was obtained from different sources (Ohwi 1965, Yoshiwo 1972, Numata &
Yoshizawa 1975, Lee 1993, Lindacher 1995).

Results

Differentiation and quantification of habitats on a hemeroby scale

The habitats of Korean rural settlements differ in degree of human impact: oligohemerobic
(H1) are very weakly affected, B-mesohemerobic (H2) weakly affected, o-
mesohemerobic (H3) moderately affected, euhemerobic (H4) strongly affected, and
polyhemerobic (HS) very strongly affected. Ahemerobic habitats, which are unaffected by
man, and metahemerobic habitats were not studied. Table 2 gives examples of the habitats
studied in eight villages and their surroundings, ranging from very weakly affected habi-
tats, like natural forests, to very strongly affected ones, like rubbish dumps.
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Table 2. — Hemeroby scale and degrees of hemeroby corresponding to typical habitats and vegetation types in Korea.

Degrees of hemeroby typical habitats and vegetation types

- ahemerobic almost non-existent in Korea (only in upper parts of mountains)
(non-disturbed)

H1  oligohemerobic virtually non-affected habitats and vegetation in the upper mountains,
(very weakly influenced) e.g. natural coniferous forests, water vegetation, fens

H2  B-mesohemerobic recently unmanaged deciduous and coniferous forests in the mountains
(weakly influenced)

H3  o-mesohemerobic managed forests, extensively used grassland
(moderately influenced)

H4  euhemerobic ruderal vegetation, grassland in urban areas (e.g. parks), weeds in extensively
(strongly influenced) used fields
H5  polyhemerobic weeds in intensively used fields, rubbish dumps

(very strongly influenced)

- metahemerobic built on areas (housing), poisoned areas, free of vegetation
(extremely disturbed)

The distribution of habitats according to the five degrees of hemeroby is shown in Fig.
3. Of the 157 habitats, 38% were strongly affected (H4) and 13% very strongly affected
(HS). There were similar percentages (ca. 20%) of moderately (H3) and weakly affected
(H2) habitats. Only 5% of the habitats were very weakly affected (H1). Thus, the majority
of the habitats in Korean settlements were subject to strong or very strong human impact.

Assessing and quantifying the hemeroby values of the plant species

Of the 538 spontaneously occurring plant species recorded in the studied habitats, 134
(25%) were indifferent to human disturbance, i.e., they grew in a wide range of differently
influenced sites. In contrast to the habitats, 50% of the species which could be assigned to
one of the five hemeroby degrees (404 species in total, Fig. 4) indicate weakly affected
sites (H2). There were similar percentages (ca. 20%) indicating moderately (H3) and
strongly (H4) affected sites. Eight percent of the species were sensitive to disturbance
(H1). Only 12 species (3%) were confined to very strongly affected sites (HS).

The effect of increasing disturbance on species richness is shown in Fig. 5, where the
number of species that occurred in the habitats with the same degree of hemeroby is dis-
played. Highest numbers of species occurred in the weakly (H2 with 411 species) and the
moderately affected (H3 with 350 species) habitats. Only 133 species were recorded in the
very strongly affected habitats (HS).

Relationship between hemeroby and the occurrence of different life forms

In Fig. 6 the life forms of the plant species are correlated with the habitat groups of different
degrees of hemeroby. The occurrence of therophytes (annual species) is correlated positively
with the increasing effect of man. In oligohemerobic habitats (H1) only 15% of the plants were
therophytes. However, the percentage increased gradually to 58% in polyhemerobic habitats
(HS).
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Fig. 3. — Percentage of habitats (n = 157) on the hemeroby scale from H1 to H5; for the degrees of hemeroby see
Table 1.
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Fig. 4. — Percentage of species with different hemeroby indicator values (n =404 species); the species unaffected
by man are not included (n = 134); for the degrees of hemeroby see Table 1.
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Fig. 5. — Total number of species occurring in the habitats with varying intensity of human impact factors; for the
degrees of hemeroby see Table 1.
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Fig. 6. — Percentage of life forms (Hy: hydrophytes, Ph: phanerophytes, Na: nanophanerophytes, Ge: geophytes,
He: hemicryptophytes, Ch: chamaephytes, Th: therophytes) occurring in the habitats with varying intensity of
human impact factors; for the degrees of hemeroby see Table 1.
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Fig. 7. — Mean percentage of non-native species occurring in the habitats with varying intensity of human impact
factors; for the degrees of hemeroby see Table 1.

In contrast to therophytes the occurrence of phanerophytes, nanophanerophytes, and
geophytes correlated negatively with increasing human impact (Fig. 6). For instance, the
percentage of phanerophytes decreased from about 26% in oligohemerobic habitats (H1)
to 6% in polyhemerobic habitats (HS). No correlation was found in the patterns of occur-
rence of chamaephytes and hemicryptophytes.

Relationship between hemeroby and the occurrence of non-native species

In Fig. 7, the occurrence of non-native species is correlated with the habitat groups of dif-
ferent degrees of hemeroby. In general, the percentage of non-native species increased
with increase in anthropogenic effects at a site. Approximately 4%, the lowest, was re-
corded in oligohemerobic habitats (H1) and 17%, the highest, in euhemerobic habitats
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(H4). However, in polyhemerobic habitats (H5), the percentage of non-native species was
about 10%, which is similar to B- and o-mesohemerobic habitats (H 2 and H 3).

Discussion and conclusions

The human impact on the flora and habitats in Korean rural settlements was investigated
by analysing the field data within the framework of the concept of hemeroby. The study re-
vealed that anthropogenic disturbance of natural sites has a considerable effect on species
richness, life form patterns, and the occurrence of non-native plant species. The variation
in species richness at differently impacted sites corresponded to the intermediate distur-
bance hypothesis, formulated by Connell (1978; see also Hobbs & Huennecke 1992). Ac-
cording to this hypothesis, moderate disturbance leads to an increase in species richness
compared to sites that are very weakly or very highly disturbed. The highest number of
species was found in 3-mesohemerobic habitats (Fig. 5). Thus, both high or low levels of
human disturbance have a negative effect on species richness. This accords with the inves-
tigations on the flora of Berlin (Kunick 1974, Kowarik 1988, 1990, Schmitz 2000) and
Thienemann’s principle that “the more variable the habitat conditions, the higher the di-
versity in a biocoenosis” (Klo6tzli 1992).

The results on the occurrence of therophytes in habitats with varying degrees of
anthropogenic disturbance are similar to those obtained for the urban flora of Berlin
(Kowarik 1988, Schmitz 2000) and Vienna (Jackowiak 1998), which show a positive cor-
relation between the degree of hemeroby and the percentage of therophytes. In the Korean
rural settlements 41% of the species were annuals (Fig. 6). This is not surprising consider-
ing the great variety and often high intensity of disturbance due to agricultural activities
like ploughing, mowing, cutting, weeding, hoeing or the application of pesticides.
Compared to the other life forms, the occurrence of therophytes was most conspicuously
related to human impact. However, use of the occurrence of therophytes as indicator of the
human impact is limited to sites and ecosystems where a considerable pool of this life form
exists (e.g. Zerbe 1993 for forest ecosystems). In Berlin, a significant correlation between
the percentage of annuals and the level of hemeroby was found in 70% of the vegetation
types (35 of 50 phytosociological alliances; Kowarik 1988).

The percentage of non-native species in the habitats of the eight rural settlements in Ko-
rea is rather low, ranging from 4 to 17% (Fig. 7). In Central European urban floras there are
up to about 60% (Pysek 1998a). In villages in the Czech Republic, approximately 30% are
recorded (PySek 1998b). The relatively low percentages of non-native species in Korean
settlements can be explained by (1) the short period for which the alien flora of Korea has
been investigated, (2) the lack of comprehensive surveys on non-native species in Korea,
(3) the lack of knowledge for differentiating between archacophytes and natives, and (4)
the difference in the political and economic development of Central European and East
Asian countries. There is a short history of introducing non-native species into the rural
landscape of Korea because development processes in rural areas started comparatively
late. Thus, the percentages of non-native species in habitats affected by varying degrees of
human impact should be regarded as preliminary.

The assessment of human impact on flora and habitats is of great importance for land-
scape planning and nature conservation, becaue of the increasing human impact on the tra-
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ditional Korean cultural landscape (Zerbe & Lee 2000), the rapidly expanding urban-in-
dustrial areas and intensified agriculture. A major task for the future will be the develop-
ment of comprehensive data on flora, vegetation and habitats found in Korean rural settle-
ments as an aid to ecological decision making. As in Central Europe (Kowarik 1999) the
concept of hemeroby was useful for assessing the effect of human impact, both on rural
and urban-industrial landscapes. That is, nature conservation strategies have to be devel-
oped not only for natural environments but also for urban and rural settlements.

Souhrn

Koncept hemerobie se pouziva ve stiedoevropské literatufe ke kvantitativnimu vyjadreni vlivu ¢lovéka na stano-
viSté a jejich vegetaci. V této praci byl pfistup vyuZit pii studiu vesnickych sidlist v Korejské republice. Byla ana-
lyzovéna stanovis§té a fléra 8 vesnic. Stanovi§té byla zafazena do jednoho z péti stupiit hemerobie (oligo-, -
meso-, 0-meso-, eu-, and polyhemerobni); kritériem pro klasifikaci byla intenzita (i) mechanického naruSovani
pudy, (ii) pfimé mechanické disturbance vegetace a (iii) chemické disturbance. Podle distribuce vyskytu druhti na
stanovistich s riznym stupném hemerobie byly stanoveny jejich indika¢ni hodnoty hemerobie. Nejvyssi pocet
druhu byl zjistén na stanovistich stfedné ovlivnénych ¢lovékem, coz odpovida hypotéze intermediarni disturban-
ce (Connell 1978). Clovékem nejsiln&ji ovlivnéna stanoviité byla typicka zvysenym vyskytem jednoletych dru-
ha, nikoli v§ak druhu zavleCenych.
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