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Abstract

This study aimed to identify the aquatic and riparian factors associated with the presence/absence of the Eurasian otter in
the Nakdong river basin, where the species is relatively more abundant than other otter species. Environmental factors and
presence records were collected. Geographical Information System technology and chi-square test were used to compare
environmental gradients in aquatic and riparian factors between presence and absence sites. Aquatic habitat attributes were
evaluated with natural riverside sandbars and channel crossing artificial structures, the ratio of channel width to alluvial plain
width, riverbed substrate, and flow diversity. Riverbank characteristics, bank materials, man-made embankment types, and
land use/land cover of inland and riverside areas were selected as riparian habitat attributes. Compared to the aquatic attributes,
riparian attributes were highly significant when assessing otter presence and absence sites, suggesting that conservation of
suitable riparian areas to provide maternity and resting areas for otter species is essential in the Nakdong river basin. None of
the aquatic attributes examined were statistically significant when evaluating otter presence or absence. These results indicate
that the presence of suitable riparian area for resting and reproduction habitats is more critical to the presence of Eurasian otter
than food availability in aquatic areas. To inform implementation of effective conservation actions, broad-scale factors, such as
watershed attributes, would be needed to further assess habitat conditions of the Eurasian otter.
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Fig. 1. Map of study area, which included (A) the 250 survey locations on environmental factors derived from the national
aquatic ecological monitoring program and (B) the 650 occurred data of the Eurasian otter (Lutra lutra) from the 3rd
national ecosystem survey in the Nakdong region.
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Table 1. Habitat variables for the Eurasian otter and environmental variable from the national surveys for stream ecosystem

health in Korea

Category

Environmental factor

Aquatic attributes
Habitat variables related N .
. Riparian attributes
to the Eurasian otter

Watershed

Water quality, water depth, water velocity, sediments
Riparian vegetation, structures, anthropogenic disturbance

Watershed area, land use

Benthic diatoms

Community composition (number of diatom taxa), diatom-based site

classification, TDI (Trophic Diatom Index)

Number of species, total number of individuals, species richess, ESB index

(sum of assigned ecological scores for each occurring species in the benthic

macroinvertebrate community), KSI (Korean Saprobic Index)

Macroinvertebrates
Environmental variables
from the national aquatic Fish
ecologicalmMonitoring
program

Habitat quality

Total number of fish species, number of endemic species, number of exotic
species, fish assemblages, IBI index

Riverside natural sandbar, flow state, ratio of active channel width to alluvial
plain width, weir and channel-crossing structures, riverbed substrates

Riverbank characteristics, man-made embankment type, bank materials, land

Riparian quality
area

use/land cover of inland and riverside lands, roads and structures in riparian
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Table 2. Presence and absence site classification by analyzing otter occurrence data for each survey site in the Nakdong region

Classification of presence and absence site

No of sites (percent)

Absence No occurrence data recorded neighboring the site 68 (27.2%)
Presence > 1 occurrence data recorded neighboring the site 182 (72.8%)
Total Survey sites in Nakdong region 250 (100.0%)
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Table 3. Comparisons of aquatic attributes required to obtain environmental factor affecting the Eurasian otter between

presence and absence sites

Environmental factor related Code* Presence Absence Total
to aquatic area N Pct (%) N Pct (%) N Pct (%)

1A 39 214 24 353 63 252

1B 44 24.2 15 22.1 59 23.6

Riverside natural sandbar 1C 36 19.8 16 235 52 20.8

1D 25 13.7 4 5.9 29 11.6

1E 38 20.9 13.2 47 18.8

2A 12 6.6 4 5.9 16 6.4

2B 25 13.7 6 8.8 31 124

Ratio of active channel width

1o alluial plain width 2C 60 33.0 22 324 82 32.8

2D 13 7.1 6 8.8 19 7.6

2E 72 39.6 30 44.1 102 40.8

3A 0 0.0 1 1.5 1 0.4

3B 10 5.5 6 8.8 16 6.4

Riverbed substrate 3C 113 62.1 43 63.2 156 62.4

3D 44 242 15 22.1 59 23.6

3E 15 8.2 3 44 18 7.2

4A 33 18.1 14 20.6 47 18.8

4B 6 33 4 5.9 10 4.0

Channel-crossing structures

(i.e. weir) 4C 10 5.5 5 7.4 15 6.0

4D 16 8.8 7 10.3 23 9.2

4E 117 64.3 38 559 155 62.0

5A 5 2.7 2 2.9 7 2.8

5B 59 324 21 30.9 80 32.0

Flow diversity 5C 52 28.6 27 39.7 79 31.6

5D 49 26.9 16 235 65 26.0

5E 17 9.3 2 2.9 19 7.6

* Detailed code description is given in Appendix.
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Table 4. Comparison of riparian environmental factors related to habitat condition of the Eurasian otter between presence and

absence sites

Environmental factor related to Code* Presence Absence Total
riparian area N Percent (%) N Percent (%) N Percent (%)
6A 5 2.7 7 10.3 12 4.8
6B 20 11.0 9 13.2 29 11.6
Riverbank characteristics 6C 15 8.2 18 26.5 33 132
6D 115 63.2 34 50.0 149 59.6
6E 27 14.8 0 0.0 27 10.8
7A 24 13.2 17 25.0 41 16.4
7B 71 39.0 20 29.4 91 36.4
Bank materials 7C 19 10.4 7 10.3 26 10.4
7D 61 335 24 353 85 34.0
7E 3.8 0 0.0 7 2.8
8A 4 22 5 7.4 9 3.6
8B 13 7.1 10 14.7 23 9.2
Man-made embankment type 8C 9 49 1 1.5 10 4.0
8D 7 3.8 6 8.8 13 5.2
8E 149 81.9 46 67.6 195 78.0
9A 8 4.4 13 19.1 21 8.4
9B 20 11.0 10 14.7 30 12.0
Land use/land cover of inland 9C 126 69.2 41 60.3 167 66.8
9D 11 6.0 2 2.9 13 5.2
9E 17 9.3 2 2.9 19 7.6
10A 3 1.6 6 8.8 9 3.6
10B 4 22 5 7.4 9 3.6
Land use/land cover of riverside
lands 10C 23 12.6 7 10.3 30 12.0
10D 33 18.1 9 13.2 42 16.8
10E 119 65.4 41 60.3 160 64.0
* Detailed code description is given in Appendix.
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Table 5. Results of contingency X’ test to estimate statistical significance of environmental factors related to presence and

absence sites of the Eurasian otter

Category Environmental factor X P-value
Riverside natural sandbar 8.376 .079
Ratio of active channel width to alluvial plain width 1.444 836
Aquatic attributes Riverbed substrate 4.647 326
Channel-crossing structures (i.e., weir) 1.957 744
Flow diversity 4.872 301
Riverbank characteristics 30.083 000"
Bank materials 8.128 .087
Riparian attributes Man-made embankment type 11.868 018"
Land use/land cover of inland 17.519 002"
Land use/land cover of riverside lands 11.867 018"

*P_value <0.05, ** P_value <0.01
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Il Appendix : code description

Category Environmental factor Code Description
1A No sandbar existed
1B One sandbar existed
Riverside natural sandbar 1C Two sandbars existed
1D Three sandbars existed
1E More than four sandbar existed
2A Ratio <0.5 (narrow channel with wide alluvial plain)
Ratio of active channel width to 2B 0.5< rat?o =10
. L 2C 1.0 <ratio < 1.5
alluvial plain width 2D 1.5 < ratio < 2.0
2E Ratio > 2.0 (wide channel with narrow alluvial plain)
3A Concrete and artificial materials
3B Silt and clay dominated
Aquatic area Riverbed substrate 3C Fine and coarse sands
3D Gravel and hard bottom
3E Cobble, boulder, large mass of solid rock
4A River-crossing structures installed with no or malfunctioned fishways
River-crossing structures 4B Poorly des?gnéd ﬁshways with ‘sfe‘ep sllope along river
. . 4C Well functioning migration facilities (i.e., fishway)
(i.e., wier) . .
4D Semi-natural stream and mid-slope water courses
4E No artificial structures and natural river
S5A Stream depletion and no water flow
5B Slow water velocity with shallow water depth

Flow diversity 5C Slow water velocity with relatively deep water (i.e, large ponds)
5D Moderately diverse flow diversity
SE Diverse water flow (well developed ponds and riffles)
6A Canalization (constructed and concreted inland water courses)
6B Artificial straightened channel and alluvial plains

Riverbank characteristics 6C Artificial straightened channel, but irregular alluvial plain
6D Meandering alluvial channel with spotted artificial facilities
6E Natural riparian area with high sinuosity ratio
TA Concrete and artificial bank materials (impervious surface)
7B Rock, boulder and gravels (pervious surface)

Bank materials 7C Semi-natural materials with artificial boulders and planted vegetation
7D Man-made soil bank materials (natural vegetation, grass, forbs)
7E Natural soil bank (no artificial bank materials)
8A Artificial bank with concrete (impervious surface)
8B Bank installed with large boulders (pervious surface)

Riparian area Man-made embankment type 8C Bank stabilized with boulders and artificially planted vegetation
8D Dominated natural banks and partially constructed bankside
8E Natural bank with no human disturbance
9A > 50% urban or built-up area
9B 30-50% urban or built-up area mixed with croplands

Land cover in inland 9C Dominated cropland with scattered parks and villages
9D Natural vegetation mixed with artificial forest
9E Natural riparian forest, shrub and herbaceous land
10A > 50% impervious surface with man-made structures
10B 30-50% parks and semi-natural area
Land cover in riverside area 10C Agricultural lands (i.e., rice paddy and croplands, orchards)
10D Natural vegetation (50-70%) mixed with artificial green space

10E > 70% natural vegetation




