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ABSTRACT

It is more efficient to select and monitor a few climate-sensitive organisms to assess the impacts of climate change on
agroecosystems. In this study, indicator species of climate change in agroecosystem in South Korea were selected through analytical
hierarchy process and an expert questionnaire survey. Climate sensitivity, agroecosystem symbolism, survey easiness, identification
easiness, and public interest were selected as criteria for indicator species, with weights of 0.38 (£0.15), 0.23 (£0.13), 0.18 (£0.11),
0.14 (£0.09), and 0.07 (£0.06), respectively. According to these criteria, 30 indicator species were finally selected from six
taxonomic groups of plants, aquatic invertebrates, bees, terrestrial beetles, butterflies, and spiders as follows. Seven plant species
were selected: Taraxacum officinale, Capsella bursa-pastoris, Veronica persica, Hypochaeris radicata, Lamium amplexicaule,
Trigonotis peduncularis, and Conyza sumatrensis. Seven aquatic invertebrate species were selected: Pomacea canaliculata, Cybister
chinensis, Hydrochara affinis, Sternolophus rufipes, Hydaticus grammicus, Appasus japonicus, and Rhantus suturalis. Five butterfly
species were selected: Eurema mandarina, Chilo suppressalis, Pieris rapae, Papilio xuthus, and Colias erate. Three spider species
were selected: Argiope bruennichi, Larinioides cornutus, and Neoscona adianta. Four bee species were selected: Vespa velutha
nigrithorax, V. simillima simillima, V. mandarinia, and V. simillima xanthoptera. Four species were selected for terrestrial beetles:
Pheropsophus javanus, P. jessoensis, Platydracus brevicornis, and Chlaenius micans. The selected species are expected to be used

as indicators for assessing the impacts of climate change in agroecosystems in the future.
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Fig. 1. Procedure for the selection of indicator species
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Table 1. Constitution of expert panel for the primary and secondary questionnaire survey

Taxonomic groups
Survey o Terrestrial Butterflies Total
Plants Aquatic invertebrates Bees .
beetles and spiders
Primary 8 8 8 8 8 40
Secondary 12 19 13 14 16 85
Table 2. The primary questionnaire form (AHP assessment)
Scale*
Criterion Criterion
9 7 5 3 1 3 5 7 9
Climate sensitivity Agroecosystem symbolism
Climate sensitivity Survey easiness
Climate sensitivity Identification easiness
Climate sensitivity Public interest

Agroecosystem symbolism

Survey easiness

Agroecosystem symbolism

Identification easiness

Agroecosystem symbolism

Public interest

Survey easiness

Identification easiness

Survey easiness

Public interest

Identification easiness

Public interest

*Definitions of pairwise comparison numerical scales. 1: equal important; 3: moderate important; 5: strong important; 7: very strong

important; 9: extreme important
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Table 3. The secondary questionnaire form for each
candidate species

Score

Criterion

Climate sensitivity

Agroecosystem

symbolism

Survey easiness

Identification

easiness

Public interest
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Table 4. Criteria for selecting the indicator species of
climate change on the agricultural sector

Criteria Explanation of criteria
. Species that show the characteristics of changes
Climate . . o
o in geographical distribution or phenology due to
sensitivity .
climate.
Species that play the role of major functional
Agroecosyste

. groups (natural enemies, pests etc.) in
m symbolism .
agricultural ecosystems.

Survey Species that are easy to observe in the field and

easiness can be investigated at low cost.

Identification | Species that the general public can identify

easiness easily in the field or in the laboratory.

Species that are well known to the general
Public interest | public because of their social, economic and

cultural significance.
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Fig. 2. Weights of criteria to select indicator species for the impact assessment of
climate change on the agricultural sector
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Table 5. List of indicator species selected for the impact assessment of climate change on the agricultural sector

Selection criteria (mean score +£SD)
Taxonomic o
aroups Scientific name Clifn‘at.e Agroecosystem Su‘rvey Identiflcation ‘Public Total
sensitivity symbolism easiness easiness interest

Taraxacum officinale 1.20+0.51 0.88+0.71 0.90+0.00 0.68+0.08 0.34+0.03 4.00+0.55
Capsella bursa-pastoris 1.08+0.39 1.00+0.15 0.87+0.07 0.65+0.07 0.34+0.03 3.94+0.51
Veronica persica 1.39+0.47 0.79+0.15 0.80+0.09 0.65+0.07 0.26+0.08 3.88+0.60
a P:::ctises) Hypochaeris radicata 1.36+0.34 0.77£0.15 0.78+0.12 0.61+0.09 0.26+0.05 3.78+0.54
Lamium amplexicaule 1.27+0.34 0.79+0.18 0.80+0.12 0.62+0.07 0.23+0.08 3.70+0.46
Trigonotis peduncularis 1.14+0.43 0.73+0.19 0.81+0.09 0.62+0.09 0.28+0.06 3.58+0.61
Conyza sumatrensis 1.39+0.30 0.79+0.15 0.68+0.17 0.49+0.15 0.20+0.09 3.55+0.49
Pomacea canaliculata 1.50+0.29 0.99+0.18 0.79+0.20 0.55+0.17 0.32+0.44 4.15+0.62
Cybister chinensis 1.40+0.25 0.96+0.19 0.62+0.18 0.63+0.09 0.35+0.02 3.94+0.45
Aquatic Hydrochara affinis 1.424+0.30 0.89+0.15 0.71+0.14 0.57+0.10 0.26+0.06 3.8440.53
invertebrates Sternolophus rufipes 1.47+0.20 0.84+0.14 0.72+0.14 0.56+0.13 0.21£0.07 3.80+0.31
(7 species) | Hydaticus grammicus 1.24+0.17 0.82:0.14 0.75+0.12 0.620.08 0.23+0.07 3.66+0.31
Appasus japonicus 1.29+0.32 0.78+0.12 0.69+0.13 0.58+0.07 0.30+0.06 3.64+0.39
Rhantus suturalis 1.26+0.22 0.80+0.16 0.70+0.13 0.52+0.11 0.22+0.06 3.51+0.40
Eurema mandarina 1.69+0.19 0.73+0.17 0.74+0.11 0.59+0.09 0.26+0.07 4.01+0.37
) Chilo suppressalis 1.49+0.24 1.08+0.14 0.66+0.15 0.48+0.18 0.25+0.07 3.97+0.50
gu:::gzs) Pieris rapae 1124026 0.95+0.24 0.83:0.11 | 0.66:0.07 | 034+0.02 | 3.90+044
Papilio xuthus 1.35+0.28 0.70+0.24 0.77+0.18 0.70+0.00 0.35+0.02 3.87+0.55
Colias erate 1.09+0.19 0.78+0.20 0.81+0.11 0.66+0.08 0.32+0.06 3.65+0.41
) Argiope bruennichi 1.46+0.27 0.98+0.22 0.83+0.14 0.63+0.09 0.29+0.06 4.18+0.57
(355;::;) Larinioides cornutus 1.38+0.26 0.96+0.17 0.74+0.15 0.55+0.12 0.20+0.03 3.824+0.67
Neoscona adianta 1.31+0.20 0.96+0.17 0.72+0.16 0.55+0.13 0.20+0.06 3.74+0.50
Vespa velutha nigrithorax 1.61+0.32 0.69+0.19 0.71+0.20 0.53+0.08 0.29+0.07 3.824+0.67
Bees V. simillima simillima 1.31+0.26 0.82+0.21 0.69+0.19 0.51+0.11 0.24+0.07 3.57+0.69
(4 species) V. mandarinia 1.244+0.24 0.69+0.20 0.69+0.19 0.58+0.12 0.33+0.03 3.53+0.38
V. simillima xanthoptera 1.31+0.26 0.82+0.21 0.69+0.19 0.51+0.11 0.24+0.07 3.52+0.51
Pheropsophus javanus 1.52+0.21 0.76+0.25 0.71+0.19 0.56+0.15 0.29+0.06 3.83+0.75
Terrestrial P. jessoensis 1.36+0.36 0.69+0.26 0.7120.19 0.57+0.15 0.30£0.06 | 3.620.88
(4b:::ceises) Platydracus brevicornis 1.25+0.26 0.83+0.29 0.68+0.14 0.57+0.14 0.18+0.05 3.52+0.51
Chlaenius micans 1.28+0.32 0.82+0.20 0.68+0.18 0.52+0.13 0.20+0.06 3.50+0.74
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