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ABSTRACT: Impacts of climate change on aquatic ecosystems range from changes in physiological processes of aquatic
organisms to species distribution. In this study, MaxEnt that has high prediction power without nonoccurrence data was used
to simulate fish distribution changes in the Geum river watershed according to climate change. The fish distribution in 2050
and 2100 was predicted with RCP 8.5 climate change scenario using fish occurrence data (a total of 47 species, including 17
endemic species) from 2007 to 2009 at 134 survey points and 9 environmental variables (monthly lowest, highest and average
air temperature, monthly precipitation, monthly lowest, highest and average water temperature, altitude and slope). The
fitness of MaxEnt modeling was successful with the area under the relative operating characteristic curve (AUC) of 0.798, and
environmental variables that showed a high level of prediction were as follows: altitude, monthly average precipitation and
monthly lowest water temperature. As climate change proceeds until 2100, the probability of occurrence for Odontobutis
interrupta and Acheilognathus yamatsuatea (endemic species) decreases whereas the probability of occurrence for
Microphysogobio yaluensisand Lepomis macrochirus (exotic species) increases. In particular, five fish species (Gnathopogon
strigatus, Misgurnus mizolepis, Erythroculter erythropterus, A. yamatsuatea and A. koreensis) were expected to become
extinct in the Geum river watershed in 2100. In addition, the species rich area was expected to move to the northern part of
the Geumriver watershed. These findings suggest that water temperature increase caused by climate change may disturb the
aquatic ecosystem of Geum river watershed significantly.

KEYWORDS: Aquatic ecosystem, Global warming, MaxEnt, Species distribution, Species richness
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sff 1900t Sk Blaste] 20009 SHkol= &
7} 3.8C 718 ZAor o =% 9t} (NIER
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g 3AEE (Logistic Regression
Model), LHISF A& W& (Generalized Linear Model;
3 (Generalized Additive Model;
GAM), &5 4 3]9) EZ] (Classification and Reg-
ression Tree; CART), Q134173 (Artificial Neural
Network; ANN), 424 L312]< (Genetic Algorithm;
GARP), MaxEnt (Maximum Entropy) 5°] ith
(Guisan and Thuiller 2005).
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Table 1. Summary of environmental variables used in this
study.

Category Variables Code | Unit
Monthly average air T c
temperat a9
perature
Monthly highest air .
Climate terr)llpergture Tmax C
factors -
Monthly lowest air T.. c
temperature mn
Monthly precipitation Prcp mm
Monthly average water WTa c
temperature
Water -
Temperature Monthly highest water WTra | °C
temperature
factors
Monthly lowest water WToi c
temperature
Geographical Altitude Altd m
factors Slope Sip %

2913} 4] ol S| A
F& W=t} (Jeong et al. 2013).
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Et} (Franklin 2009, Kim et al. 2012). Z} £
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How 71 A Y vF A e U
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62 oA=ET) (Rahel and Julian 2008). ~12]31 Chu
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and Mandrak 2006).
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Table 2. Overall fitness (AUC: area under the relative operating characteristic curve) of MaxEnt modeling and major
environmental factors influencing fish distribution in the Geum river watershed.

Species name Korean name AUC .Major Contribution Factor”
First factor Second factor

Abbottina springeri QHOHX| 0.729 Altd Trin
Acanthorhodeus gracilis VAONI=PNE]| 0.849 Altd WTmin
Acheilognathus koreensis Hi=NE 0.711 Altd Prcp
Acheilognathus lanceolatus =N 0.823 Altd Prcp
Acheilognathus rhombeus =oNE] 0.68 Altd WTayg
Acheilognathus yamatsuatea E=pN = 0.797 Altd SLP
Carassius auratus 20 0.837 Altd Prcp
Carassius cuvieri L2 0.885 Altd SLP
Cobitis lutheri HESH 0.723 Altd WTmin
Coreoleuciscus splendidus 22| 0.773 Altd Prcp
Coreoperca herzi AX| 0.758 Altd Prcp
Cyprinus carpio (o] 0.844 Altd SLP
Enythroculter erythropterus PAESN| 0.906 Altd WTmin
Gnathopogon strigatus ==H 0.901 Altd WTayg
Hamibarbus labeo LN 0.848 Altd Prcp
Hamibarbus longirostris ZtORt 0.765 Altd Prcp
Hemiculter eijgenmanni x|2| 0.894 Altd SLP
lksookimia koreensis = 0.690 Altd Prcp
Lepomis macrochirus =24 0.826 Altd SLP
Microphysogobio yaluensis =0kt 0.777 Altd Prcp
Micropterus salmoides HHA 0.830 Altd Prcp
Misgurnus anguillicaudatus olRz| 0.719 Altd Prcp
Misgurnus mizolepis O3 2x| 0.883 Altd Prcp
Odontobutis interrupta HESAI2| 0.819 Altd Prcp
Odontobutis platycephala =INE 0.720 Altd Trin
Opsarichthys uncirostris amurensis 12| 0.856 Altd WTmin
Pseudobagrus fulvidraco SXPH 0.751 Altd SLP
Pseudobagrus koreanus =SXPH 0.753 Altd Prcp
Pseudogobio esocinus B2 X| 0.803 Altd Prcp
Pseudopungtungia nigra d=17| 0.811 Altd WTmin
Pseudorasbora parva 20 0.808 Altd Tmax
Pungtungia herzi =17| 0.737 Altd Prcp
Rhinogobius brunneus 2 0.709 Altd Prcp
Rhodeus notatus HEEZ40| 0.858 Altd WTavg
Rhodeus uyekii ZINE 0.742 Altd SLP
Rhynchocypris oxycephalus HEX| 0.780 Altd Prcp
Sarcocheilichthys nigripinnis morii =17| 0.740 Altd none
Sarcochellichthys variegatus wakiyae =17| 0.733 Altd Prcp
Silurus asotus 7| 0.789 Altd SLP
Squalidus chankaensis tsuchigae 2=l 0.852 Altd SLP
Squalidus gracilis majimae 21=7H 0.660 Altd Prcp
Squalidus japonicus coreanus =74 0.844 SLP Altd
Squaliobarbus curriculus == 0.934 Altd Tnax
Tridentiger brevispinis LEFEYS 0.679 Altd SLP
Zacco koreanus EHZEAL| 0.727 Altd Tmax
Zacco platypus o|2f0o| 0.763 Altd Prcp
Zacco temminckii Z AL 0.738 Altd SLP

* Abbreviation refers to Table 1
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P High :1

- Low : 0

(a) Odontobutis interrupta

Present 2050 2100

Probability of occurrence
Value
P High -1

- Low : 0

(b) Acheilognathus yamatsuatea

Present 2050 2100

g
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P High : 1
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(c) Microphysogobio yaluensis

2050 2100
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P High i1

- Low : 0

(d) Lepomis macrochirus

Fig. 1. Predicted probability of occurrence (0-1) for (a) Odontobutis interrupta, (b) Acheilognathus yamatsuatea, (c)
Microphysogobio yaluensis and (d) Lepomis macrochirus in the Geum river watershed using MaxEnt modeling with
RCP 8.5 scenario.
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