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Abstract

This study is a preliminary research with the aim of establishing an ecosystem health assessment system that can be
reflected in the management plans of protected inland wetland areas in South Korea, based on the results of a detailed survey
conducted in these areas. This study sought to derive indicators of ecosystem health that should be prioritized for efficient
management. The Delphi survey method was used in two rounds to identify potential indicators. The analysis results revealed
that, in the field of the physicochemical environment, four indicators were selected: wetland area (n?), wetland flow volume
(), water quality, and groundwater level (m). Regarding biodiversity, the indicators included the total number of observed
species, total number of major species, average species diversity index of major animal taxonomic groups, number of apex
predator species, number of legally protected species, and vegetation diversity index. For stress factors (threats), the
indicators selected were the number of ecosystem-disrupting wildlife species, surrounding land-use status, artificial
structures, number of invasive species, and human interference. The relative importance of these indicators for assessing the
ecosystem health of inland wetlands was as follows: biodiversity (0.40); physicochemical environment (0.36); and threats
(0.25). In terms of applicability, over 70% of experts agreed that these indicators were applicable to all types of wetlands,
including mountainous, riverine, and lake-type wetlands.

Key words : Protected wetlands, Ecological integrity, Wetland management, Physicochemical environment, Biodiversity,
Habitat stress
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Table 1. Review and synthesis of ecosystem health assessment indicators in previous studies

Division Indicator A B C D E F Total

*Water Temperature

OS]

*Dissolved Oxygen

o O
O

O O
o O Ol|®

*Biochemical Oxygen Demand
Chemical Oxygen Demand @) (@]
*Oxygen Demand
Electrical Conductivity
*oH

Turbidity

Physicochemical “Total Phosphorus

Water Quality

o O OO OO

*Total Nitrogen
Chlorophyll-a
*Suspended Solids
TOC

DTN

NH;3-N @)
NOs-N

PO4-P

*Relative Abundance

o O O O
OO0 O0OO0OO0OOO0OO0OO0OO0OO0oOOo

*Invasive Species
*Tolerance Guild
*Trophic Guild

*Species Diversity Index

o O O O

o O O OO

*Species Evenness O
*Community Index @)
*Benthic Animal Index @) O
Biology *Endemic Species

*Alien Species

*Species Richness

o O O O

*Ecological Indicator Species

e S ST SS T SO R SO T SC R SO N O R e SR SR (SRR GRS (S R NS R S L )

*Number of Species

*Number of Species (by Plant Growth
Characteristics)

—

*Wetland-Dependent Species
Frequency of Individuals @)

*Endangered Species

[

Habitat Fragmentation

*Extreme Precipitation Frequency (Climate
Change)

Marine Benthic Pollution Index

Stress

o O O|O

* Related indicators by wetland detailed survey
% Additional review indicators by wetland detailed survey: Area, Indicators related to water level, Water Quantity and Soil

* A: Kim et al., 2008; B: Lee and An, 2010 C: Choung and Lee, 2013: D: An and Lee, 2018; E: Han et al., 2018; F: Myeong et al., 2021;
G: Lee et al., 2022
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Table 2. Comprehensive summary of survey results on physical and chemical environmental factors

1st Survey 2nd Survey CVR value
Division
Mean SD Mean SD Ist Survey  2nd Survey

Wetland Area (i) 4.1 1.13 5.9 1.44 0.60 0.73
Wetland Flow Volume () 4.3 0.8 6.4 0.83 0.60 0.87
Groundwater Level (m) 4.1 0.80 5.8 1.21 0.47 0.73
Soil Texture 3.5 0.64 4.8 1.47 -0.07 0.33
Soil Moisture 3.9 0.70 5.3 1.23 0.47 0.47
Water Quality 42 1.08 6.0 1.13 0.60 0.73
*Salinity 2.8 0.68 - - -0.73 -

Soil Hardness - - 3.8 1.64 - -0.47

Edge Shape Index - - 4.4 1.50 - 0.07
Newly .

Open Water Surface Ratio - - 4.9 1.68 - 0.20
Proposed
Indicators Distance. t? Wa?er Source _ _ 3.8 182 ~ -0.47
(1st) (from origin point)

Water Balance

(inflow-outflow equilibrium) h 51 1.62 h 0.33

Total 3.8 0.64~1.13 5.1 0.83~1.82 - -

* Salinity was excluded from the second survey indicators based on feedback suggesting that it is applicable only to specific target areas,
such as estuaries, and could be integrated into the broader category of water quality.
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Table 3. Comprehensive summary of survey results on biological diversity

1st Survey 2nd Survey CVR value
Division
Mean SD Mean SD Ist Survey 2nd Survey

Total Number of Observed Species (Flora, Bird, Mammal,
Benthic Invertebrates, Terrestrial Insects, Fish) 41 088 57 129 060 060
Total Number of Major Species (Flora (wetland-dependent),
Bird, Herpetofauna, Benthic Invertebrates, Fish) 46 0.51 65 0.52 1.00 1.00
Average Species Diversity Index of Major Animal Taxonomic
Groups (Bird, Herpetofauna, Benthic Invertebrates, Fish) 42 0.94 59 L19 0.60 073
Number of Legally Protected Species
(Endangered Species, Natural Monuments) 43 103 63 1.18 047 073
Number of Apex Predator Species (Umbrella Species) 3.9 0.74 49 1.58 0.60 0.60
Area Ratio of Wetland-dependent Vegetation(%) 43 0.88 5.7 1.54 0.73 0.47

Number of Climate Change Bioindicator B _ _

Species (CBIS) 48 142 020

Vegetation Diversity Index - - 5.3 1.11 - 0.60

Number of Species in the National Red List _ _ 49 L41 _ 047

Newly ~ (CREN.VO) : : :
Proposed  Number of Endemic Species - - 45 1.41 - 0.33
Ind(ilcagors Diversity Index of Benthic invertebrates - - 43 1.68 - 0.20
st,

Area Ratio (%) of Dominant Vegetation among ) ) )

Wetland Vegetation (%) 47 159 0.07

Changes in Existing Vegetation Types and

Structural Stability (Single-layered/Multi-layered) - - 45 1.73 - 0.07

around Wetlands

Total 4.2 0.51~1.03 5.2 0.52~1.73 - -
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Table 4. Comprehensive summary of survey results on threat factors (stress)

Division 1st Survey 2nd Survey CVR value
Mean SD Mean SD Ist Survey  2nd Survey
Number of Invasive Species 3.9 0.88 5.5 1.60 0.47 0.60
Number of Ecosystem-disrupting Wildlife Species 4.7 0.49 6.8 0.56 1.00 1.00
Surrounding Land-use Status (within 300m radius) 4.5 0.64 6.5 0.74 0.87 1.00
Emlstt}rllfluatgz)r;n Orfal;?i; and Non-point Pollution Sources 44 0.74 55 160 0.73 0.47
ér;cf:az;ilfes ifrilsl;tourref:zcilities, river channel structures, etc.) 43 0.72 >8 L4 073 073
g;ﬁiz,lﬁi;ielrsggteure, excessive visitation) 43 062 57 1.23 0.87 0.60
Newly Urbanization Index (Number of Naturalized
Proposed  Plant Species Detected / Total Number of - - 4.3 1.99 - 0.07
Indicators(1st) Naturalized Plant Species Nationwide x 100)
Total 4.4 0.49~0.88 5.7 0.56~1.99 - -
(red-list)(Critically Endangered (CR), Endangered 3.3. YEAUAEA)
(EN), Vulnerable (VU)), .—ﬂ‘lc'l)‘% —’F, 11/‘1"?‘;31—%%‘% _ﬂ@ﬁﬂ(ﬁgaﬂi)q] 51‘:],@_ ﬁ% 753'}(Table 4)‘ 1;-(]_
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Table 5. Sectoral importance and review of wetland type application by indicators

177

- . Common Individual Application
Division Importance Indicator L . .
Application Requires Review
Wetland Flow Volume () 15 -
Physical and Wetland Area () 14 Forest(1)
Chemical 0.36
Environmental . Groundwater Level (m) 11 Forest(4)
Factors . River-Lake(2),
Water Quality 1 Forest-Lake(1), Lake(1)
Total Number of Major Species (Flora (wetland-dependent), 15 _
Bird, Herpetofauna, Benthic Invertebrates, Fish)
Average Species Diversity Index of Major Animal
Taxonomic Groups (Bird, Herpetofauna, Benthic 14 River-Lake(1)
Invertebrates, Fish)
Bi(.)logi.cal 0.40 Number of Legally Protected Species 15 _
Diversity (Endangered Species, Natural Monuments)
Total Number of Observed Species (Flora, Bird, Mammal, 15 _
Benthic Invertebrates, Terrestrial Insects, Fish)
Number of Apex Predator Species(Umbrella Species) 14 Lake(1)
Vegetation Diversity Index 14 Forest(1)
Number of Ecosystem-disrupting Wildlife Species 15 -
Surrounding Land-use Status (within 300m radius) 15 -
Threat Factors Amfm?l Str.uf:tur?s e 15 -
(Stress) 0.25 (excessive visitor facilities, river channel structures, etc.)
Human Interference 15 _
(fishing, illegal capture, excessive visitation)
Number of Invasive Species 15 -
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