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Effect of Climate Change on Fish Habitat in the Nakdong River Watershed
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Abstract

In this study, the potential effects of increased water temperature on fish habitat were analysed in the
streams of Nakdong River watershed. The changes in suitable habitats for each fish species and in species
number at a habitat site were predicted, based on the maximum thermal tolerances of 22 fish species. The
estimated maximum thermal tolerance ranged between 27.7°C and 33.1C. Then, the increase of water
temperature in 78-sites of Nakdong River watershed by 2100 was predicted by using the estimated air
temperature data by 2100 in the literature and the regression analysis between air-temperature and water—
temperature at each sites. The water temperature was estimated to have increased by 0.69C, 1.76°C, and
2.32°C in 2011 ~2040 (period S1), 2041 ~2070 (S2), and 2071 ~2100 (S3), respectively. With such increases
in water temperature, the averaged suitable habitats for all 22 fish species would be influenced by 21.9%,
36.3%, and 51.4% in periods S1, S2, and S3, respectively.

Keywords : water temperature increase, fish, habitat, maximum thermal tolerances, Nakdong river
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Fig. 1. Location of 78 Sampling Sites Used to Study Fish Habitat and Water Temperature

Table 1. GCMs (PCMDI, 2009)

Model and production year GCM

Atmospheric The ocean Country

CGCNCM3M3.1(T63), 2005 CGHR (T63)

1.9°x1.9° 0.9°x1.4° Canada
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Fig. 2. Estimated Air and Water Temperatures at Site 01
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Table 2. Regression Equation between Air Temperature and Water Temperature at Each Point

A HAAS a b R A HHE a b R
01 0.7405 4418 0.93 40 0.8777 3.9851 0.95
02 0.7405 4418 0.93 41 0.8777 3.9851 0.95
03 0.8793 4.0801 0.92 42 0.8777 3.9851 0.95
04 0.8793 4.0801 0.92 43 0.9712 2.3948 0.91
05 0.8133 5.1682 0.93 44 0.9712 2.3948 0.91
06 0.7871 4.9664 0.92 45 0.8703 4.1478 0.92
07 09175 2.2535 0.96 46 0.8703 4.1478 0.92
08 0.8334 2.2535 0.90 47 0.8928 3.697 0.92
09 0.9286 3.809 0.94 48 0.8672 4.3449 0.93
10 0.884 4.9495 0.92 49 0.8672 4.3449 0.93
11 0.884 4.9495 0.92 50 0.8672 4.3449 0.93
12 0.8687 5.8659 0.94 51 0.9406 25188 0.86
13 0.8836 5.4977 0.93 52 0.9406 25188 0.86
14 0.891 4.1788 0.95 53 0.8773 3.9679 0.90
15 0.891 4.1788 0.95 54 0.9931 1.2302 0.89
16 0.891 4.1788 0.95 55 0.9931 1.2302 0.89
17 0.9175 2.2535 0.96 56 0.8957 4.4485 0.93
18 0.8807 3.9459 0.94 57 0.8957 4.4485 0.93
19 0.8743 5.1375 0.87 58 0.8957 4.4485 0.93
20 0.8743 5.1375 0.87 59 0.8672 4.3449 0.93
21 0.8807 3.9459 0.94 60 0.8672 4.3449 0.93
22 0.8684 4.0796 091 61 0.8672 4.3449 0.93
23 0.8684 4.0796 091 62 0.8672 4.3449 0.93
24 0.8804 3.5866 0.93 63 0.8672 4.3449 0.93
25 0.9354 1.552 0.95 64 0.9406 25183 0.86
26 0.847 4.0833 0.95 65 0.9406 25188 0.86
27 0.9366 3.5983 0.89 66 0.9406 25188 0.86
28 0.9366 3.5983 0.89 67 0.9931 1.2302 0.89
29 0.8804 3.5866 0.93 68 0.9931 1.2302 0.89
30 0.8043 45023 091 69 0.8776 6.2221 0.90
31 0.8043 45023 091 70 0.8133 5.1682 0.93
32 0.8043 45023 0.91 71 0.8873 3.8168 0.93
33 0.8043 45023 091 72 0.8777 3.9851 0.95
34 0.8043 45023 091 73 0.8777 3.9851 0.95
35 0.8043 45023 091 74 0.8777 3.9851 0.95
36 0.8833 3.4288 0.94 75 0.8703 4.1478 0.92
37 0.8777 3.9851 0.95 76 0.8703 4.1478 0.92
38 0.8777 3.9851 0.95 77 0.9712 2.3948 0.91
39 0.8777 3.9851 0.95 78 0.8672 4.3449 0.92

water tmp.=a x (air tmp.) +b
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Water Temp. (°C)

Table 3. Averaged Air Temperature and Water Tempe-

2030

2040 2050

rature
7Rk 71(C) T=(C)
S0 (1980~2009) 13.17 1553
S1 (2011 ~2040) 13.94 16.22 (A0.69)
S2 (2041 ~2070) 15.17 17.28 (AL75)
S3(2071~2100) 15.80 17.84 (A2.31)

MUU LI Ikilometers
0510 20 30 40

Water Temp. Increase(°C)
O ~2.00
© 201~216

217~232

@ 233~248
@ 249~264

Fig. 6. Increase of Water Temperature (S0~S3)
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Fig. 5. Changes of Annual Averaged Water Temperature
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5 Rhynchocypris oxycephalus B i | Hemiculter eigenmanni W 20w
g A AN 3 it DR
T e ' oo L T
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Fig. 7. Fish-water Temperature Dataset during 2007 ~2010
Table 4. Estimated Maximum Thermal Tolerance and Percent Changes in Suitable Habitat
2] - § e gt AAA Ha8(%)
oaq O R e AERE g 52 S3
HEX] Rhynchocypris oxycephalus 28.4 7 28.6 429 429
e A7 A Liobagrus mediadiposalis 29.7 6 16.7 16.7 33.3
Fuite]  Niwaella multifasciata 30.0 7 42.9 42.9 57.1
o 1 29.4 6.7 29.4 34.1 444
| ITksookimia longicorpa 217 3 66.7 66.7 66.7
Fg Coreoleuciscus splendidus 30.0 9 22.2 33.3 33.3
7183570 Cobitis hankugensis 30.0 22.2 33.3 55.6
A S5 Y Zacco koreanus 30.0 24 16.7 29.2 50.0
A Odontobutis platycephala 30.0 24 29.2 41.7 62.5
e o Gobiobotia nakdongensis 31.0 4 0.0 25.0 75.0
o 1t 29.8 12.2 26.2 38.2 57.2
A& Squalidusmultimaculatus 29.0 4 25.0 50.0 50.0
oAt Hamibarbus longirostris 30.0 4 50.0 50.0 50.0
Ll Microphysogobio yaluensis 30.0 6 16.7 33.3 50.0
A= Tridentiger obscurus 30.0 11 36.4 455 72.7
s Ea17] Pungtungia herzi 30.0 17 176 29.4 41.2
AA] Coreoperca herzi 30.5 14 14.3 35.7 35.7
= Squalidusgracilismajimae 30.5 17 8.3 50.0 58.3
ZIAlao] Rhodeus uyekii 33.1 3 0.0 33.3 33.3
3 30.4 95 21.0 40.9 48.9
]2 Hemiculter eigenmanni 30.0 7 28.6 429 57.1
WEAARAWYSE  Tridentiger brevispinis 30.0 15 26.7 46.7 86.7
A Acanthorhodeus macropterus 31.0 7 14.3 429 57.1
=/ u]tg] Misgurnus anguillicaudatus 31.0 12 0.0 0.0 33.3
Ry Pseudogobio esocinus 31.0 32 9.4 18.8 375
v2}] Zacco platypus 31.0 50 12.0 26.0 42.0
3 3t 30.7 20.5 15.1 29.5 52.3
A 30.2 12.7 219 36.3 514
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Table 5. Relative Proportion of Unsuitable Habitat with the Decrease Rate of the Number of Fish Species (%)

Fed
=222~ O §]- S1 S2 S3
01 TS THAE
None 70.5 577 39.7
0~20% 1.3 2.6 0.0
21~40% 5.1 7.7 6.4
41~60% 3.8 1.3 5.1
61~80% 7.7 5.1 9.0
81~100% 11.5 25.6 39.7
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Fig. 8. Decrease of the Number of Fish Species
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