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Climate Change Effects on Fish Distribution
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ABSTRACT: Temperature increase and precipitation changes caused by change alter aquatic environments including water
quantity and quality that eventually affects the habitat of aquatic organisms. Such changes in habitat lead to changes in
habitat suitability of the organisms, which eventually determines species distribution. Therefore, conventional habitat
suitability models were investigated to evaluate habitat suitability changes of freshwater fish cause by change. Habitat
suitability models can be divided into habitat-hydraulic (PHABSIM, CCHE2D, CASIMIR, RHABSIM, RHYHABSIM, and River2D)
and habitat-physiologic (CLIMEX) models. Habitat-hydraulic models use hydraulic variables (velocity, depth, substrate) to
assess habitat suitability, but lack the ability to evaluate the effect of water quality, including temperature. On the contrary,
CLIMEX evaluates the physiological response against climatic variables, but lacks the ability to interpret the effects of physical
habitat (hydraulic variables). A new concept of ecological habitat suitability modeling (EHSM) is proposed to overcome such
limitations by combining the habitat-hydraulic model (PHABSIM) and the habitat-physiologic model (CLIMEX), which is able
to evaluate the effect of more environmental variables than each conventional model. This model is expected to predict fish
habitat suitability according to climate change more accurately.

KEYWORDS: Climate change, Habitat-hydraulic model, Habitat-physiologic model, Habitat suitability, Fish
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1.AME

IPCC 57} HalA= 719k Qlstof Aid 130
ZH AT g 71 20] oF 0.85°C ARSSISITtaL WS
oF (IPCC 2013). of2fet 7|2 A2 W74 o= St
715 @/ge) Wit o] g2 vl #ak oyl

(o) 15 oo =2 o =
of WIS} ARSI (Kim 2011), ofeje st 94
5L oyl AEFe] MYl Wb it

(Fig 1). ZZ2J, AAJ=zHE wsjo] mia} 710l A4js}
| AEFS AR ARe RS0 §lso] i
Z7} H5HA| ETk (Hooper et al. 2013). €=, Rose et
al. (2000)} Joo et al. (2008)-2 Tl A= E35) 3¢
7 Wisjol tje} ol FRE WP} ot AL 9
QIsigic}. wlehA, Z)sle] oat S Hake
Si AAAE Bl Sie Sl BastH, o
23t o FHIE WE (species distribution
model), 441X X& (habitat model), AA1Z3HA]
2% (habitat suitability model), AYEfR|Y] HF
(ecological niche model) = A]9] & (niche model)
5o AMEEAL Itk (Kearney 2006, Franklin 2009,
Kearney and Porter 2009, Gallien et al. 2010, Bradley
et al. 2012).

o] FollA] AT B AN
7 Qo) i AlEe] A BAS B9 diE
of Aol et MR S& el 39 e A
== 0= (Hirzel and Lay 2008), ©& -5 1}
“gollx] =] Al tieh ARt 712 (47, W
A, A ) 2R gt (Kearney 2006). 53],
A RS HUEY ARt A ARE AES)
of 3b4 QIR AAIAR . A E= SE skl

B(\\

o|5 o|g3lo] ARXJAEE A4~ (habitat suitability
index, HSDE A3t} o] & gsfo] Ao 25
oigh AAAR =R} T wE RS HARE 4= 9l
nlef] 7|3} oA AAARE HSle} T wE
FTEE WIS oI5 ¢ Sl wEpd, 2 ok
71E qAtoll AR AAIARY BEe Blul A5kl
7|5 H3}o]| oJ5t offF AAAIRMY WSS dlS3h] 9

2 /oA Wl 2ARE AR e Table 1
I} Zonm, FA| AAA-=g] (habitathydraulic) &
(PHABSIM, CCHE2D, CASiMiR, RHABSIM, RHYH
ABSIM, River2D)} AJAJZX]-A2] (habitatphysiologic)
23 (CLIMEX)S=® L83} 4= Itk PHABSIM- 1]
S R e = R 5 e e e B o s
ZEH (instream flow incremental methodology)©]|
A Z7F (meso) 18]aL 1|4 (micro) ARIAE HOl6}
= wolr), o] MRS AEsHY f7o] 9 4] 2
& ol AHAEAE ek 2Edom AR §9
= 9l 8=k RS 23} (Bovee et al. 1998,
MOE 2013). wl2ht], PHABSIM-Z =2 mojol A4l
gby melz Jslol olek 2] mol Majzjaty
mol] AT QRS Apek Yo R, el o)
g AL A 5 B4 olgsl 5 il ol
S} AAARA mols oA Ak 5 S T
2al g A B8l P 5 e 71 (B D)ol
et i otFo] AMAARI=E B7Iste 7157184
(weighted usable area, WUA)S A=351a, o)&
o A (flow-WUA curve) 02 LfERHT. T1251, 2]
THoR 757 A REe] WAIE Fslo] A
e 3he Zlo] 75 F2olrt.

Climate Change

Habitat Suitability Change

Distribution Shift

» Dissolved oxygen
+ Organic matter

+ Substrate

» Temperature + Water
. temperature
+ Rainfall
+ Flow, velocity,
+ Radiation depth

+ Adaptation/
acclimation
+ Hibernation
+ Immigration
+ Extinction

Fig. 1. Outcome pathways from climate change to ecological effects (modified from Hooper et al. (2013)).
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Table 1. Characteristics of habitat suitability models considered in this study.

Model Description

Country
Developed

Year Developer Reference

- It uses 1D hydraulic equations

- Water velocity, depth, substrate are the
only environmental variables that
describes stream habitats

PHABSIM

USA 1984

Bovee et al.

Milhous (1998)

- It uses 2D depth-averaged hydraulic
equations

- Habitat suitability model is equal to
PHABSIM

- It is available to simulate sediment
transfer.

CCHE2D

USA 1999

Jia and Wang | Wu et al. (2006)

- It uses 1D or 2D hydraulic models
depending on input data

- Habitat suitability model is equal to
PHABSIM

- It applies fuzzy logic to offer flexibility
to the suitability curves

CASIMIR

Germany 1997

University of | Schneider et al.
Stuttgart (2010)

- It is an improved version of PHABSIM

RHABSIM . . o .
- Time series analysis is available

USA 1998 Payne

Macura et al.
(2016)

- It was developed based on PHABSIM
RHYHABSIM | - Simplified variables are used in
hydraulic calculation

New Zealand 1989

Thorn and

Jowett | sonallin (2006)

- It solves 2D depth-averaged hydraulic
equations

- Habitat suitability model is equal to
PHABSIM

River2D

Canada 2002

Steffler and

Blackburn Gard (2009)

- It uses climatic variables to describe
the growth and stress of species

- Ecoclimatic index represents habitat
suitability

CLIMEX

Australia

2007 Hearne Kirticos et al.
(ver. 3) Software (2015)

CCHE2D:= 1211 4=%] 239l PHABSIM} E2]
22 =2 HEOF (Wu et al. 2006), A} 0152
Hofgt 4= 7] wheoll i T 713 9] WHalof diet
MAHghE WEE =3t 5 9tk (Ahn and Lyu
2013, Lee et al. 2014). 18], CASIMiRE= fuzzy
logic (fuzzy rules, fuzzy sets)2 ©]-83}¢4 Z} 2} (4=
A, 4 71S0) AAARE B0E AP it
H o2 AHAR) S4e) 24} AR AT} oA 7]
REo.2 AJ2h fuzzy ruled 53] 4412 Uehd 4 9]
o} S5, o] BHE 87 Qlie] B Hiogat -
QItk= Ao It} (Schneider et al. 2010, Jung et al.
2012). RHABSIM (riverine habitat simulation model)
< PHABSIMS 7lJ53%t g o2, AA|E 2415 ot
4 %tk RHYHABSIM (river hydraulic habitat
simulation)'= PHABSIM2- 7|HFO & 7jdbe] mEgo g
PHABSIMO]| H|glo] 4=2] K| JY Rmr} Ao 5o
3520 7hasal, ALgo] Belsk AAo] e 4

gt AmE S ¢ AUES /= (Hudson et
al. 2003, Thorn and Conallin 2006). River2D+= 5}
o] 4lS BEslel GRS AN 2249 B
oz 139l majo] ujsle] 5 B AAS
o} dalAo g HARSE 4= QJt) (Oh et al. 2008, Gard
2009).

CLIMEXE= 7F5 QU412 7lobo2 ot AEo) 414
A dS5she BRor, 7198l wE 4%
4 A g2 ol8510] AR (ecoclimatic
index, E)& AME3Ich El= ARBARS] 2ol wet
3 2 glonk AkHoR 08 BRI AlEEol
LS s FAfRdRE A4, 20 - 30 2 7S
TAIE 4 b= - AR AAA], 12]aL, 1000]] 24
B2 Al 2703 2 ol ARl i)
(Taylor and Kumar 2013, Kirticos et al. 2015). 3%}
o ol &&= 7% SRp= 25, G, 2% (light), HA
(radiation), 7] (substrate)o |, AJE50] wal A7
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28t 4= Qlrk el o5 el AMgEhe 2=
212 A1 (cold), T (hea), 715 (chy), 5 (wet
olck

A7) Al e} ol, KAIR)-e] mRe A
o] SElaba 83 wiEel weh WSS 2 At
£3), offis TSR 22| et AAXS Al

[>
8

[¢]

o

of that AT, = MAEHE] 7P Hich (Park
2010). gk, AAA-AYE] 29Ql CLIMEX & &¢24]
23 (0] Aol refeld 2HE) ot 715 QIRfo] of
St gEe] Ak WAdS REgeitt (Kriticos et al.
2015). 7|5 H3}o]| W 7|23} 7wk Wolke e
HIERE efeka] Wglel -2, DO, TN, TP 59 =3
QA5 WIEE oprlsiul, oA AR A
£ W7 g 540 % 0|59 FEEE WA
(Dyer et al. 2013, Hooper et al. 2013). 12U AJ41%]
-] B ] AR @]9 3 AR} of el mlA|
L gke Wk 4 glov, Ao sjpuis o
& Qe A velsl] olgich Wb, olel A

A2l uIAI 71 5uste] e B Sl
e Bt AL BRe] o) Ba

3.

®

Ol MAIZIEHY T} At

W0 HelAAe) BRE ofR] s 1157
(instream flow) B= AYE}-G=F (ecological flow, instream
ecological flow) AP 9J5}o] o] &%t} (Table 2). =+
o] 739, Sung et al. (2005)2> PHABSIMS: ©]-85}o]
s 199 6 7Y shds tiio = ujtulel A9
AAARE 71E (AAERE A4S 2MdskalaL, 11
7N ko) e AFgsiaitk 11 7] A1 & 4 74
A 71 AT 32 AR Blaste] 913,
2, WFFE A =olok grar st
Lee et al. (2006)2 PHABSIM-S 0]85}0] 317} 27
of 70 314 9 Aol AAJeke it o) Tfeko]
(Zacco platypus)®] B & AHsi3c) dit 2™
o] ey B4 (7 55 b shdAE (71%)

.

;

¢

F

Table 2. Case study of habitat suitability models considered in this study.

Model Target species Input variables Region Reference
Depth, flow, cross section Lee et al
PHABSIM Zacco platypus characteristics, suitability curve, Korea (2006) )
velocity, water level
Bed elevation, depth, flow, cross
section characteristics, substrate, Lee et al.
CCHE2D Zacco platypus suitability curve, velocity, water Korea (2014)
level
Bed elevation, depth, flow, cross
. . section characteristics, substrate, . Mouton et al.
CASIMIR Cottus gobio suitability curve, velocity, water Belgium (2007)
level
Depth, flow, cross section Macura et al
RHABSIM Salmo trutta characteristics, suitability curve, Slovakia (2016) ’
velocity
Depth, flow, cross section Thorn and
RHYHABSIM Salmo trutta characteristics, substrate, Denmark Conallin
suitability curve, velocity (2006)
Coreoleuciscus splendidus, Depth. fi .
lksookimia koreensis, he pth, oW, Cross sg'(l:.tlon
River2D Odontobutis platycephala, c aracterr:stllcs., su;]ta ”J;y .Cltj.rve’ Korea Kim (2015)
Pungtungia herzi, Zacco geomorphologic characteristics,
’ velocity, water level
koreanus, Z. platypus
. . Temperature (air), thermal .
CLIMEX Cyprinus carpio tolerance (growth and stress) Australia Koehn (2004)




138 T. Shim et al. / Ecology and Resilient Infrastructure (2016) 3(2): 134-142

9 ol HEL WHEAE Bl 2SI o A2
52 0|83} Washington Department of Fish and
Wildlife (WDFW)olIA] A4 o] wef A4 g
© IS 2SI (WDFW 1996). Choi (2008)=
YoM AU AAgE e flste

FE W27] 93 srEAaE AAS B3 F 71
WoLe AXJSIITE T12]T 92 Shao] wk BOD 4
A A 5IHE QUALZE BES A&t Blslgl
t}. Park (2010)-> 31 ol AHAE-LHS flsh sk
SHAl R AR oA AAlete el &
09| /3% A E PHABSIMS: AR8-5to] Ael-f
APHRISIT, QUALZES AHEelol 4 Q17 (2%,
& Ak2, BOD)E 53kl e 4H8 2o o5
1#5k53ct Kim and Choi (2015)= WA 2o)A] H
5] sl ool AAHgko] HlAl 47
sAdsiolt 5 1D 247 B33} Exner 4]
o-gsto] Wt Alute] o] whg sH 12| ¥} (7]
A UE)E GiZ319LT, PHABSIME AH831o] 421
s wasier
1831, Lee et al. (2014)2 CCHE2DE AlSs5lo] &
H f018 g 4lo] BEE S W 49 A
2 olgato] sl WE (U4 2 Bzt szt
of MAHTIIS oSStk 11 2k, 3 ARt iR
o4 54 B 55 I Slelol mizfule] A )
0= e Kim (2015)= River2DE AM-
sto] A Aol el 21E Hofslal HECRASE
AFgalo] HAS St 7, sho] ek o4l %9
o132 (418] Coreoleuciscus splendidus, Z=E7Y Tksookimia
koreensis, AN Odontobutis platycephala, =3117]
Pungtungia herzi, ZF2AY Zacco koreanus, S|20| Z.
platypus)®) AAHRIES 251 71 olgo] Aehge)
= APgsIGiTt olel Zol ufjollA] ojFoXl dHEE
SV e Aol A9 S Aelfeke Argal
= A (Lee et al. 2006, Park 2010, Sung et al. 2005)
9= ofofAIe}r, ol 714e] st (Kim and Choi
2015, Lee et al. 2014)1} 3 Gt22] W3} (Im et al.
2011) 2|31 7155t (Kim 2015)2} 22 232401 ¥
3ol olat MAHEHY HakE: we| Ei oSl G

753 9l FAol:

o

oo 1l

lo o

tlo

=9]9] 74, Li et al. (2013)> PHABSIME] 4{4]
A3 W7t daelEs S8ot] ZAeEr | AT
Aol FAgell AAshe vl Jof Fof A4t

WUAZQ] Zt5 ERlsiglon), 9 1d dee f=F ¥
slof| ofsf AAIA-=T} ol Fake HolA] stk
ojefgt Avk= FRE4 4 Aol wE sk 714
Hlo]| ot Fefkor HEAEQItE Vigand et al.
(2015)= PHABSIM=- o|8-8li4] o|&ejolof 9|5t
Serio 7= tho® 7|93} Alue| e e 425t
2 WH3lo]| W= Salmo trutta (brown trout)2] A% o
A AAARE HIE Rojeiginh 1 At njo
= frolet Adofo] At MAAG e SV W=
HAAE, 3% eAlol w2t A Aloks wHA € A
o= dzEgh

Mouton et al. (2007)2 CASIMIRE o|-&5}o] |l
710]19] Zwalm 7}9] s FLx WS} Cottus gobio2)
AR Bl FRE oSl 15 4
nygog 1 2 2Pl HEC-RASE ARE519aL, 7]
£ A7E o R 3 AR A4S 7o R fuzzy
logicg ©|§5to] AAARteE Akt g, o]
S fuzzy logico] 2] P02 HAHPshA] Hole F
& 3 4 ke AolA CASIMIR7E §EO.2 o]
| 77t =2 EEgolet F5HItE Macura et al.
(20162 RHABSIMS ALg510] &2u}7]ote] ufs
7+ 99 9 &= 67 49 AR Salmo truttal)
eSS el oS WY 2AE
59l o A1) 4 4L 718 BS 7189l ol
AAE 3t the, RHABSIME ofgslo] 4] 9
= o) Alelod) e AuHjEes d2akc. 1
A3}, 715080l o8| Salmo runa®) A4}
#ast o2 =%tk Thomm and Conallin
(2006)> RHYHABSIM=: ©|-8-5}o] qlnf=2] A &}
Holl AAsls ATEL S, nua®) AHATHES 7L
shal A APkl o5 AdE S nrutta
ATE B9 AP DA (A, ol) AAHTE 24
P B, ol Ae) A, 84 9, 713 8
5ol Ang 24 9 ol B 15
S S. trutta A5 A3l A S

FAGARE g SR dAF e TR Kokt

O
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AL ol sk e 21 o|A] RHYHABSIM}F 72+

o wao] 8k Wsict

o] KA BRES 44, 94, 714 5]
gl (G2joha) AAA) wske: Sefekar ol u
o 48 Ul 4 So] ABE Hare] n|X S F

dlodeln] ERithe ool AXEe] Stk
(Milhous 1999, Mouton et al. 2007, Park 2012, Li
et al. 2013). gHH, Koehn (2004)+= AA1A]-AY2] 23
QI CLIMEXZ o835t HUFR dol (Cyprinus
carpio)®] EIE A6l 7|£0] S8 AHe} vlulsiyl
o} 71 Aak, CLIMEX7F @A) ¢Jo19] s 2 A1
Sh, o] ARE0] ol Aol FeRet A dot
Yotk webd, CLIMEX: 7)5islo] ke Aol
KA 2 oZo] TRt ol off AAAR
X W7ol Hgo] 15 Ao Bk

3|

139

Yot =2 Het

PFEsie] M2 e 9 4 Qlkje] Hap ofRel
Aol TRk e B Sisto] AL
2] =Fel PHABSIMI} AAlx-Adz] w3l
CLIMEXZ §83h 2g& AlQkstara} gt (Fig. 2).
2ok MajEghd mol= PHABSIMO| 75 Hzje}
Arjalo, e AR 42 45 4 491 5ol )
45 AR Folck Tl %7 9 vlg) 7|zt Al
ool W e 7952 2 £k 57 2RE 4
830} AN 4 9lrk. 42 m] TR 7)) A4
A-g] HEoA AREEl= STGQ (stagedischarge
analysis using regression)S £t -G} 4=9]9] T
A Nk A SAEAS B3 5% B ek 7]
Fulsiol ofgt GRS F7 BL vl ARV} ofd 2
(macro, landscape -5) $7FAQ1 HHo] AA Uojuar

10| diel siie =ty ] 2fell el o) Ade Test

Hydraulic Habitat Suitability

Physiologic Habitat Suitability

Habitat Suitability | .
DN SurebTy
Curve

Hydraulic Habitat Suitability

[ Flow ] [ Width ] [W‘}‘;‘:p't‘;"e'] . PHABSIM | [ Temperature ] © CLIMEX
@ LAverage, Minimum, MaximumJ
Z TN, TP, TSS
Hydraulic model ] &
STGQ model Growth %[ Stress <:| Pollutant
\_ Velocity model
‘\Cold Heat /[ | oeeseesecennnnnnas .
T /\ L | exieity
/ ‘ i ]
Velocity] [ Depth ] [ Substrate ] Growth: ¥2%5 Growth, /365 .. model
\ T Lj=1 i
Stress: (1-Cold)(1-Heat)(1-Tox) M

\ Y353V, /365 (V = stress) /

<

Physiologic Habitat Suitability

thS = Eff,s(Velocity; « Depth; + Substrate;) /BGSJ

Mean
HHS + PHS

PHS = Growth * Stress

| |
L J

Fig. 2. An ecological habitat suitability model that integrates the conventional habitat-hydraulic model (PHABSIM) and
the habitat-physiologic model (CLIMEX) (HHS, hydraulic habitat suitability; PHS, physiologic habitat suitability; STGQ,
stage-discharge model; TN, total nitrogen; TP, total phosphorus; TSS, total suspended solids).
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SR 2k, 42 RolE Falo] Akkeie 47 4e
PHABSIM} 2 ]2 AAer] 7lo] o}gel,
PHABSIM®] HSI %= CSI (composite habitat suitability
index)@} FARRH EfekA AAJASIE (hydraulic habitat
suitability, HHS)7} AXECE

Ae|aka] AAIAGH] 1ojof| ARR-El= CLIMEX:=
WHOs L0} SR AHAUE ool A8
sl E 2 oo P 7jea o)
BAALS o AR 4 Slel, e 7190k Al

ﬂ—‘loﬂ e 7 ol 8dt el e 22

Hil

t 2} 7o

< 2EEHA] Al 7Hiﬂ¥—4 431 ‘?i%%‘l% WLk o
(Kriticos et al. 2015). AJ&F & AEHA Ski= Al 2}
2o} T a2 B3l ARsE 2= 9JL CLIMEXS] Elo]
Sfdol= AYelsha AAIASIE  (physiologic habitat
suitability, PHS )= A} AEG A 71710] o7t HotS
Falo] AT S ek 3, Alejetd A4 wol
TPol] Al T UEoR B4 BRI
o] eA=4 (TN, TP, TSS 5)°] el vlx= FF
2 oty
A71e] HHSS} PHS= 212} ol 4-2fsb 4l Aje]
SH AAARIEE U= Algeoleh webA, seejst
Z o A sk AAIASIANS i 1S AJEShA A
A)Z5EA] (ecological habitat suitability, EHS)-> HHS
@} PHSS et (A H4t, 7|5} Hf, X3} Hit 5)5
of ALttt} (Fig. 2). Z12Jal, ARGAY Z*—Jc’ﬂ w2} ZF A
A5 (HHS, PHS)O|| 715215 Fofsto] JaFe<
ZpEsst 4= QIct (¢of, EHS = (8*HHS+2*PHS)/ 10). 4
J_].xj‘_i EHSE= ~gekal 8|1 AYe)eka] Astk /\g
WOJSE 4= Q17| wizel, 7|t whE of
HA]XA&H H5ko] mjgf] o) A E =2 4 Q)
o2 7|diEe & o= AXAAE 58 =9
TRk AASRaL ‘213‘34, 55 wd] 7 dpgofA] mL
O tii L, mo] ] QIRL, IRk Al E A4S
W SOl izt FA14Q AErE Basith

11

3 o
mlo i lC> J

lo
1o i 1o

u

‘EI

r2

5. 42
7] AR BRS B A, oS ot
0 A% BRL GRE M4 Boles A
2 ok 4= gloick SR, olefet BRSS ot 52
Qo e 2] 2o 3 Qo] et shle] 155
31, offe] AlejAel Whg-S vagsh 9K o] uhie]
75st] W ol AAARE o5l sk gk
Ao Frhlch ufebd 2 Ao o] A

2] m3el PHABSIMT} AJA1A-Ale] oz el
9 % 9l CLIMEXS $355 239) g Akl
o o] 32 el oL Bel 2l offel A
Aol HIA ok wiatst] uhiel, 7|5l
K2 offe] HAARE WSS T Hstop] e 4
je Bow 7|dhec

A =

B oo bR <SS 37 At
] (2014001310008)°2] A|Po& S=aw|giL|ch
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