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Abstract

BACKGROUND: It is well known that rice-fields can
provide excellent foraging places for birds including
seasonal migrants, wintering, and breeding and hence the
high biodiversity of rice-fields may be expected. However,
how environmental change including climate-changes on
life-history and population dynamics in birds on rice-fields
has not been fully understood. In order to investigate how
climate-change affects population migratory patterns and
migration timing, I modeled a population dynamics of birds
in rice-fields over a whole year.

METHODS AND RESULTS: I applied the Lotka-Volterra
equation to model the population dynamics of birds that
have been foraging/visiting rice-fields in Korea. The simple
model involves the number of interspecific individuals and
temperature, and the model parameters are periodic in time
as the biological activities related to the migration,
wintering and reproduction are seasonal. As results, firstly
there was a positive relationship between the variation of

*W A A AHcorresponding author),
Phone: +1-514-299-8963; Fax: +1-514-987-4647;
Email: whoseung@gmail.com

294

seasonal population sizes and temperature change.
Secondly, the reduced lengths of season were negatively
related to the population size. Overall, the effects of the
difference of lengths of season on seasonal population
dynamics were higher than the effects of seasonal
temperature change.

CONCLUSION(S): Climate change can alter population
dynamics of birds in rice-fields and hence the variation may
affect the fitness, such as reproduction, survival and
migration. The unstable balances of population dynamics in
birds using paddy rice field as affected by climate change
can reduce the population growth and species diversity in
rice fields. The results suggest that the agricultural
production is partly affected by the unstable balance of
population in birds using rice-fields.

Key words: Breeding, Climate-change, Foraging,
Migration, Population dynamics, Wintering
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A= ARS8l Ao ® 2AE FRoln, F538t
5 el wt FARAL SAREATE WA o R
UERdTtHFasola and Ruiz 1996). ©|A& Alde] ulet vl
=9 A¥4 54 WA (breeding habitat), 17|12}
Z)(stopover site) 123 Y-5A(wintering habitat)ZA]
Sdfshs ZRsolAl HAe FHA 2 AAE A Al
T A 3k THFujioka et al. 2001; Elphick 2010; Kim et
al. 2013). ¥% 7 279 =54 o]&-&0] WeolE &
T3t (Nam ef al. 2012), H AT =FAE o838k
28] FoHdol w2 olfi7t AHAIE Ul =5A1E #HA
9 AR o) §8 ¢ Q7] wWiERl Feow uFsta Stk
(Nam ef al 2012; Kim ef al 2013). 121} =AejA] A+
oA /e wWlg T3 FHE AAEA sl et
1, ERAE obF =AM R AT FEiel
st A= gk

Zre] DAk 71 5Wskel 22 st o) 4, 1t
AAQ G3s wH=thLack 1968). Hag=solL}; A 27] o]

& 20 A AAAE 7|5y SEFRH0R

Hujo] AeL(d, AT EE o543 E olEour] ¢
g A o] Agat AdElel s dgEtiLack 1968; Roff
2002). webx 71Aske) 22 dS5ETbs e s A
P Fdg el ost HAe ] Ayl AFEE AT
= A%E Y39t Moller ef al 2010; Reed et al
2013). & =°l, w3 719 A5 Bl Parus majon @)
F3lAl7)9F Blol7t H= o] FEkA7]7F YAEkA] ekt
(R FspA7)) Heb W oA aEe] SobR O H(Reed
et al 2013), & Wl g ARI(Larus
argentatus)®] Wo17} ¥ @R ol(Mallotus villosus)®] &
A5 =530l g7 MAEEE WFAtHRodway
and Regehr 1999). 7|53} Ql3j 7 =
How 270 MATY F TR aE S 7 s
ZolthMeller ef al. 2010). kARt 272 Rodes 4
Hokzd AlolA 715 ste] wE HAATZ|Y o] A 714} 7
& AYGALA deEke] A-gWsr) obA] aEE Al QIA] ko
(Clark et al. 2012), o} o]ol] tigt 7|23l AF% wo|
=35t

Ade] 7)ot Ade] Aol W3t H %
(temperature gradient)9} 7o) tFst 7|5Hske] FHj=
ZC] AGAE B ofde} =EA A ARshs AHEellAlE
¥FE = T UtKHorie et al 1995, Lumpkin and
Pearson 2013). YHHA 02 A15.9] Azke] FQ3F Q919 7]
T Al AS AR Agel 2do] FFHu|ofof s,
ol WEATIA 1T A S AHAY ndH R
e = 9ltiMorison and Morecroft 2006). ©]&]3t ©]
T2 7SS AEe) wR= Gl gt dTES TR
715 Rigkel| ME AlE A sfEe] Holo) il T2 T3
1 SJtiReich and Oleksyn 2004; Morison and Morecroft
2006). AR 7|52 m-Ewl] Az Aol digh A= of
2 n)Fshe, 53] 715Hste] e F= P 4D def

> o)

o] Wshrb AEe] AR ojulst FAZE QlEA el tiE
A 2 dEAA] otk tSel 2 #ATE 715t e
=54 AEQ ¥ Y W3t IS WA o
op4 =8 esitt.

AN E 7SI =5AE 0] 88
SHll YT FA AFE B a8 B
o] gste] o F W BAsIIT) AMAZ, Lotka-Volterra W
Aas S48t 712y BdE 2R/ AT = AEE
T4 2ER Yepgith FRAR, o] BES o]§ato] 7]
SRS =5AE ol8she 27 MAITS A718F 3o
ofuet S FEAE ASFUTE 53], & AFelM= Al
Aol Wb 7|23 A Zole] Wskel AE 107H4] 7194
W2 oF o]gato] Z47ke] Alug] e WE 2 JHAIT 5
g WskE Atk AAE, A5 =5AE olgst
= 7 WA FE ARS S, A 7] A
Aeks FHshedlel 715Hse] Jaks oA aE okt
A5 Gy 5t =54 Y] 272 & therd e
AR 57k A 715 ske] ofdkel| ois 1zl
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B AelM= Al wt deAE =54 o8 27 A
A THS Lotka-Volterra W34S 28350 4519
om, 53] 7|¥Hs(7]L Rz}, AlEe Aol ®ishe] wE
wHAllA e 27 AR sEe] BigE clS5sisith Lotka-
Volterra 7212 E 229 2231e] dAlE 27132707 &
el @%(feedback, Mil Hs]= A7} WHEH)S o] &3}
o At AElE 4 EdoltiMurray 2003). A A o
A EAALS}L S AR AR o ® F7IA]] dhss AHA S
E HolFH, 58] ARk} wAAke] Frtekal sk Al
717} 7% wdE RHSEtHHuffaker 1958; Begon et al
1996). HIF FH23 F215 Q8 =5A1E ol8shs =7 7N
ATES A9} 22210 A= oA, Ade] uhet
=H5AE ol&shz AL 2717y Fkstal Hashs A7
7t #1407 wakE 1 ¥HEEY] wliEe] Lotka-Volterra %
Ao S8 2 A7l AFsirHe.g, Nishimura and
Kishida 2001; Wang and Wu 20121; Liu et al 2012).

Szl Zefshes 25, 53] w5AE olgshs 27e
AR AL 9% 27, w4 7HEY ols =7 19
3 olFA MAXRE 72 F JUTHKim er al 2013,
Fig. 1). =5AF o8k 7 it 4127 2 HAA
& olgstal Q7] whiel, =FAE olgske 27 MATY
SAE shitkel| THlshs 2/ MATY A Z7] wigt
o] Bl&Istt(Nam et al 2012). H|F o527 = Euxf
AF7} 7heol =HAE AARAE o] &sHARL 7R W)
A0 Z Qs =5 ol g2l FHAAZE A3sA] &
= Zo]tNam et al 2012). Webs] 2 AoA = 7 ©f
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Fig. 1. Illustration of the changes in bird population
migrating in Korea. Su, Summer; F, Fall ; W, Winter;
Sp, Spring. Thick arrow represents direction of
temperature change: black arrow - decreasing
temperature, grey arrow - increasing temperature.
Solid and dashed thin arrows indicate the winter
migration and the breeding migration, respectively.
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Wl A AAGTE s, ol e Z7iete] A
Ao T (E 50, o5 - Harl2)el A7 Ho
= 8 ¥, oA AR FROR & 52 AN whEA 7
2351t} 259 o)lEA7]= 7|9} vy} e sk Al i

Sholl WzkskAl ukSEl] wE ](Rlchardson 1978), HdK.
o 7)0] Egh=A) i veki=A), T2 AR 717io] 2
QA k=AY Aol 25 AR B3 4o

93 & T 3UrHLemoine and Bohning-Gaese 2003;
Jonzén et al 2007). & AT-olx= Ade] weh wakE=
FNALE] FHol AReA d&FE & 5 vkl 7Hdst

qom, AL EALE FosGltt oF 50, AMEX Al
o] Az g = l~ 257 MT<= /\lﬂ"ﬂ uke} 57t
sk, 715 Wste] wE 2 9 olF Al7]¢] Rlse Ho]
9 FH A FA e st A SR =FAE o] &a)
v AT RS =FAY AR 2718 e
A1 Ao|tiBoth et al. 2006).

olgdgt 7H3telA, ATt s oA 2] =5AE o] Edhe &
7 A x & Aol AR b As TYs Al X,
| &0l w2 257 AAGe Skl uigt 7]e-2F AT
T p(s), 283 o2 A Edeks AT FF e
< &8l vt 2ol 71+ 4 QtKTable 1).

N

X'= Xop(S)X_awhersY (1)

7N, Ay > 0011, ¥ = =5AE 01§31 TUE /)
Ao 2F ANAFE Quight. o] w), 71L& AT 8 p(s)
= AR HZE Ty, 99 71 T(s) Z22al Ae 7]
& o] ool A3l T ol 7]%3 4 Qlth

Ty =T’
205 (2)

p(s)=
2 AN 7t =FAE ol8she 7 JiAl
T2 A7|As}e]| ojudt JYEE FEAof dist LolRe A
| HZ0]7] witel, 94 gnlole} 5o dS 1eist
| okokth wEbA, 1961d5E 201019714 SHbE A2
71275 (Korea Meteorological Administration DB,
http:/ /www.kma.go kr)E o]&sto] Eelle] A3 Ad

o

N

Table 1. Summary of variable and parameter definitions and the range of values used in simulations. Number in
parentheses means the number of categories. Note that the asterisk indicates mean temperatures of wintering, migratory

and breeding populations, respectively

Variables or Parameters Description Range or values
W(s) Number of wintering birds at time § 0 - 100
M(s) Number of migratory birds at time s 0 - 100
B(s) Number of breeding birds at time s 0 - 100
T(s) Temperature at time §
X, Number of birds at initial time 10
Torix Median temperature during each season -15; 15; 36*
K, Variation of bird population during season 30
Ay ors Natural growth rate of wintering bird population 0.65 - 0.95 (30)

in the absence of migratory population

U3 The universal set of bird population
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goll 2 AT 7 UERdt) [-a,,, Y (9)e " ds +c
=02 AR 25 ARl & AR 25 A F

AT Uehith o2 5o, 2-3€0] Hdnct v X]*EJ
W, A% 9% 27 o|SAF 2HAA Hal, =5
e B o)ExHeld] ol 1l M :La 2214 AR

g W, olBEFE

Walg B8 2 AR 25 TS a5 2
Ao e 5 9k

& WY
W =W @)
M = MO¢T6KTp(S) (5)
B =B e ©)

= R AE =5AE ol8dhe 7 MATY

A7 A oRTE AU 27 wiel, AATA 25 A

il

7 Urolet AYS wel, {(4,8.0)|420,820,C>0cU’
2 EEETA), olFET(B), MAEHO) ALE AL
o] A7 Atk

7|2H3 ALz

AT ow sAsg 22 & ]
& oRbsda B9 Sk Ve A S AEs
HSIAIA o dd S T7MAITE dAl fral Akt RIS
H3HH ] A(IPCC) 9t AIAI7 | FATZZ THWCRP) oA A
XHL 71593 AlvE o E Jidetar glom, it AMBIE

& S8l AATHA AEGH A dist A77F FEE L
E]-(Mearns et al. 2001). & A7 =EAE ok &
AT gk Az 7] 5aske] ojgfo] ozt ﬁlml
v glEe] wakel Ayl e 7] Wt 2% 7
Ate] A719F Fxe vAE IS 47 Ade] FHHolrk
uppA], Aol djel ) 7]-2] wste] disl] 10744 7hsgt Al
U2 92 28315 thTable 2). 243 Aue] e 7513}
o] Arof we} A4 1) @ AEe] Wk AU AcA

D), 2) ¥ A2l Mk (Aluel e EdlA H) 221 3) A4
Febd sk AUel L 19} )2 T8I Table 2).

Table 2. Scenarios of seasonal temperature changes
(climate-changes) in relation to dynamics of bird
population on rice field. Symbols represent the variation
in temperature over the specific season: black triangle,
higher than control season; white triangle, a little higher;
black inverted triangle, lower than control season; white
inverted triangle; ‘Longer’, extending period; ‘Shorter’,
reducing period

Temperature
Scenario  Winter Spring ~ Summer Fall
A A A - A
B v Y4 - \Y%
C - A A A
D - Y4 v Y4
E A VAN A AN
F v \Y4 v Y4
G A - v -
H v - A -
1 Longer Shorter Longer Shorter
] Shorter Longer Shorter Longer

WA B AL Waks A Jlec] Bl
%2 APCIIL A9 BILuT R (A
© B) el o}§A 7)0] Bt £E A
2 Q9 B/l %e ASIee D)ol o7
B3} k2] 9l 718 Wske Auele B9} B 4t
A B Alelow A7 g T T
Age) Wehs ALAT o1EA Y1ee] BF Fivleunt
$2 A9 B FBeuTt $E AL
Roleh. 0 A2 /168 BtI2ust Ea o Tl
& Bur % A9 Q)9 AL 712e] Ban
o v olgd 71&01 Bt ¥2 40 B
ST B3 0% e B0 GFel EASA, ALt
29 G lBAL ASTE AR Alnd) BFS AL
otk ThE 379 Gl A, Bow AdY) 3
B4 sk Aol T Hi 7)ol Wat gl dialel,
&3} o150] Lo nEAR oY) Btk HLo] FokAle
ASAILS. DS 783} o1F0] b vl @

ji

JJr 7keo] AojAl= o‘l"(}‘]]’]"j/]—?— Deolth 2 dtelM= 7
2 ds E(3 59), ol5(69-8%), 7Fx(9¥-11%¥) 1¢]
AL AZ(128-28) %2 sl
AlEZ|0|M

o mElS FE AlEoldere dntAow w
gl ARA Aol 7]2e Bape) Al g 01%’5** l, 2
ATelM= 7P I (virtual experiment) < -5-8-5F
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etk TP Rd S 7lgo}~tﬂ AMSE BE B 2 o

o} Alrgke] AWelE 2l 2370, EHIRER WS

gl YOI he FEF AAT AT WHolh Tig. 26 71 W), 5 A10) el vl 25, o
(Lee 2012a;2013). ¥ RdlofA= 107F4] Alube]ef uhe & 283 AAZRRIE AZ OE A =5A4E ol&
71emgle}l Ade] e 25 AT WERdr e AL g HojFal Qlth § %oﬂf\ﬂ Ao wE Xd?%@% 7]
AReh=tl o] WS o] g3tk 71 AFR(1961dFH o] WgkE Fig. 2ax ¥ & wlel, Aol Zefsks €570

2010l 7% Ag, & 283 ofFe Fdvl(d
-15°C, 15°C, 36°C)7} Folf= whs tix o= 4 olaisitt
B Aol ARESE VR T(s) = WA (7)= o8-8 A&
ol 71eAlmE o]83l3ltiLee, Mangel and Peres-Neto,
unpublished data).

7(s) =y, + y, sin(0.01715s — ) @)

71, v 7123 IE A, v A 7] Wl
et Al a8la v

Zar9] 71AtgsE AlEdoldsty] fdl vi=10, v.=25 1%
I ¥i=14%F o] &3Stk AT 10714 Alve] el o
ARz sty MA zk Aue| ke 7129 W=
oA Q) Hit7| 2Rt £20%0 R 718 W7} 5o
REZ spglek gk 7709) Alrel W] H9lE 24} 30
ARl Aecko 2 el EE7ER el o o®
5,000H°] QR1F3hs AElate] d&alal, Avks Batak
£ o] g3tk

o] gk He

B REdE 2579 o5 =g
T TE 39 9T EAeE, 279 0154719
293 APl Y& FE IS WL 2 9FE F

1 7Pg38F3ithRichardson 1978). B3t =5 o|A] 9] o]
F2 G F5 FH Aol w2 T BAY) JE 1)

A eFskek
NS

715138k A oo wiet =5AE oldehs A X
F AT A7) 0014 19 MR Haeieh Weke g
o] 0o]H =FAE o] &5 AT} glvk= Zie v, 1
ol =FAE ol dst= /AT F3PEEIS rlsit)
gtepue}, tizre] S EolA = WEkE gho] 0oH A
o] 2719} €2 ZFAL 1019 Al AR, AAFH -
7]&0] 7}73} = W, AEH - 7o) 7P W whE A

Aom oug ¢ Stk o E 5o, o5 L—.Z:-Tj?t Zo5
of WAAol] TAbstal 7hgo] HI|Hel| EAE vA olF
& Pk wEbM A 2718 Zell= AAl7E 0l Tk
Zolal SIAZI(=E A7) elE 10 77k Aolvh iz
¥} Z¥z7te] 71583k AU Qofl o] AR 7]e3) =54
ok 27 AT AE FAEIth & 2Ee

oldz} A¥e F42 Matlab 2012b(Matheworks
2012)E o]&-sk3irh

A2 1904 68U7HA] 1231 288Ul 4] 365U7HA] =55
A5 0]-838 }"h(Fig. 2b, f), oI5 W4 AT 1092 0lA
2459714] o] 43I tH(Fig. 2d). ol FHsh= olENAIT
& 65991 140U7HA] =5AE o8k ACE 5313
HFig. 2c, e). 53], o] AlE#olde Hi= Nam &
(2013)9] =HFAE o] gdHs FEFO FAMS dAsH=
o, 01%ZE°1 CoEHAFE 429M 5¢, Hdéli%ﬂ L
E2E 4904 1 77}74 LEEF @ H7FE 112

oJlA 3$JW1 %%XE o] &3t
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N
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N
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o
[6)]

Fig. 2. Simulated annual pattern of temperature (a) and
predicted seasonal abundance change of birds in the rice
field: (b, e) wintering birds, (c) migration birds (used as
stopover site in Korea) and (d) breeding birds.

Aol we 7] W3
SHl 9= Flor, 53] 7
M )7t ok 5 5 7H
Oﬂr4—(131gs 3, 4, and 5). % tF AgHo] wpsg 7
FAH L A= =FA4E ol8dhs ofF WAEFI w4
olF 79| /AT TUIAN, Ae ds 252 JiA
T A8t (Fig. 3a). HdET A&ZHo] F9% A5
AHEl e B)= As 2exwe o873 dojAa il
7F WEA Sl ANt, 7P 7)o v Al7]el= Al
Hasigiek 59 ols 2= Alvkee At HSssIgiAI,

= olgshs I /AT
2 %i}ﬂ AR A
T sHe] WsEE Ftet

l"_|_4
OFO o, 2,

o
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o5 WAZF= FdE AAG7E skl th(Fig. 3b). 3
Wrrh o528 7]2o] Fokl AH-(AlU L C)= ofF ¥4
278 AT S7FRIARE, 7]0] w2 A7l =H5A1E
olgah= MMAlTE Aadth o olF T AvE e A
S} FARIIANE, AR EF 272 o] MATE F4asi
HFig. 3c). BdHr} o] 53 7]&o] B (AU D)
= =5AE Ol%o}* oF WMAZF] WA AA A
AR, A EExwe AT S 9 ols
e Alve AsE ARSI

A&} oF BF Fdrn 7)2o] Ho
E)= =5AE ol&

AT e

S A% 9% 2R AN Fasd

th o5 HAZRF JAGE S7ISIARE 7120] &2 A
719) WA TE FHAs ]’oﬂ‘:]' =9 olF ZRE ¥ 43‘:} ZNA
b weA) 2ael, J12e] A%l et st
(Fig. 4a). Xt AL 3} 54 7]2o] wopxl A-HAY
22 P oF ¥4 27 MAIG= 448k ]“{} A& 2%
i Bdng wEA A7 SR 7o) o v

opglel wh FAsioitt 59 olE T "M’ﬂﬁl E¢}
ALeFotHFig. 4b). FdRTE A3 7128 FobA| il W=
o] 53 7]&o] gl AHAHH L G =HAE ol&dt
= A= g 279 AAF M 279 AT BT Aast
GARE, 78] ol X WdRTE ok ‘7}0}0351(1315; 4c).
Frt AL 728 WobA il o5 Fod A9(A
?42 H)= As €% 279 ofF 94 279 7HXﬂ—rt it
2A S7FISGA, Aee] 7]l H gepA i oF9] 7]
o] f wopel wet JAITE BT AsIelth =9 ols
i PRt o RAslch(Fig. 4d).

Aol ke 7120 sk e 574 Ade] o] Wtk =
FAE ol8shs 27 A FHEel d3= —Zr%i‘:]'(Fig
). w3 7heol ZobAal thal At o Fo] Aojxl
A2 1) 9] oF X7 HARe] =HAE 01%0}* 7]
Zrol AA Fokxlth. SHFAE Ae 95 27 M A
=0 2N} Sk A gletas A HAAUNAITTE =5AE
o] gaAIRL, ofF MAIRAIEL 7]20] H34E 7R A9
stale AAlHoZ A4t o] g-38lSith(Fig. Sa). ‘ﬂPEHE A
&3 ofFol ZobAaL tiAl 53 7heol Aol A(Avke
Qe =FAE olgske A% € 278 oF ‘ﬂ” e
= 719 fl8Itk ARt 79 olF R wE xRl 3
AR O W2 AT =5AE o838l e, SuEA
T A AAF7E 1d I =540 wEFE AoE oS
ICKFig. 5b).

AAA oz 54 Ao 71&usrt laL, v 74]’%% ]
Wt zpol7t glE A-folls, g A =7 7HXﬂT’——L
7)ol e P Wk EHFlg 2). 3, A
71EWshs Be AR 25 A sl 9= —zr
(Figs. 3, and 4). t%0] A2 Zo| ¥gh= 7] ¥gturt
o] FElgk WA sEle] WskE freskSithFig. 5).

~ Ul

=
otka-Volterra "Hg4& 243t etnde 74
] fq'a]' igx]” ol g3 2, ] lrﬂﬂ HA 2577)

2 o
&
—

v‘i—JAJHE*Oi °1]~Q‘}iDP %5], Aol w}
2t %}F/PX]% 7% Wsh= %’f% A5 Ol%o}* T AT 5
e siEde] 03% =T , 2 A %
oA = whobd A, %%Z]% Ol%o}t s
%= A —57%}711% stopgity. Bk opel, Al o] o]
W3}, S Aol Hat o] o R oAU s Frolxl B¢
o =F5AE olgshs Z/lAlLe] S7ks G s A

stttk AAA 0w Z12wst QISd Al =545 ol &
She 7Hiﬂ€ SHRE IS WS 0% Kol 7]
st} siRdo] 25 HAlT Bl & Y FE AO0E AR
HtHe.g., Fraser et al 2013; Reed et al 2013).

71FsE 2R A6 Btk E wk

A7l FEE Fol, =HAE oldshs 2R/ A

¥, 5 o)A B(LE EE o5 2R T AN TR
AEE F 5 ATk A Aol dJaid, 2RE AF
Wintering Migratory Breeding
@ 4 (b (c)

Scenario A

o
o
L
.
L
N
\\
\\
\
N
Y
L

=
N

©

=

Scenario B

o
)
.

Frequency of individuals in treatment group
[

0.5 1 Scenario C
0 T

0 -

0.5 '/ 1 Scenario D
0 . L S

0 0.5 10 0.5 10 0.5 1
Frequency of individuals in control group

Fig. 3. Relationship in predicted frequency of individuals
between control group (given mean temperature of each
season) and treatment group (given temperature of
Scenario A (a-c), Scenario B (d-f), Scenario C (g-i), and
Scenario D (j-1)) in the Wintering birds (a, d, g, j), the
migratory birds (b, e, h, k), and the breeding birds (c, f,
i, I). Red line represents relationship between control and
treatment group in each Scenario. Dashed line is that the
correlation coefficient between control and treatment
group is 1.
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between control group (given mean temperature of each
season) and treatment group (given temperature of
Scenario E (a-c), Scenario F (d-f), Scenario G (g-), and
Scenario H (j-1)) in the Wintering birds (a, d, g, j), the
migratory birds (b, e, h, k), and the breeding birds (c, f,
i, 1). Red line represents relationship between control and
treatment group in each Scenario. Dashed line is that the
correlation coefficient between control and treatment
group is 1.
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Fig. 5. Relationship in predicted frequency of individuals
between control group (given mean temperature of each
season) and treatment group (given temperature of
Scenario I (a-c) and Scenario J (d-f)) in the Wintering
birds (a, d), the migratory birds (b, e), and the breeding
birds (c, f). Red line represents relationship between
control and treatment group in each Scenario. Dashed
line is that the correlation coefficient between control and
treatment group is 1.
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