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ABSTRACT

The objective of this study was to predict future phenological changes of Hydrochara affinis and Sternolophus rufipes in
agro-ecosystem under climate change scenarios. Environmental shifts driven by climate change are affecting the phenology
of species inhabiting agricultural ecosystems. A quantitative analysis of phenological change is necessary because these
phenological changes can impact agricultural productivity. In this study, we monitored the adult flight phenology of
Hydrochara affinis and Sternolophus rufipes, which were selected as climate change indicator species of agricultural ecosystem
in South Korea, and simulated future phenological changes using SSP scenarios. The results indicate that the first flight of
Hydrochara affinis and Sternolophus rufipes are expected to occur earlier in the future compared to past by 4-49 days and
4-50 days, respectively, under the SSP5-8.5 scenario. Phenological shifts were found to be more pronounced in SSP5-8.5
compared to SSP2-4.5. The analysis showed that, compared to the results of the RCP 8.5 scenario from previous studies, the
flight timing of Hydrochara affinis and Sternolophus rufipes has been further advanced under the SSP5-8.5 scenario.
Long-term monitoring is essential to analyze the impacts of climate change on agricultural ecosystems. The prediction methods
and results of phenological changes in agricultural ecosystems presented in this study are expected to contribute to the

development of climate adaptation strategies in agriculture.
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IPCC (Intergovernmental Panel on Climate Change, IPCC)
M= A6zt B7HLAA(ARG)E F3f AAIACNA 24
7}A7F<E % (Nationally Determined Contribution, NDC)
£ YA oW AR FFLES 2100874 285
Fed Ao® AYSIATIPCC, 2023). 7|29 52

u) 2w, 7] S Hsto] it S &
Ao Higt 7% JdFS AFHer BAT ot A
o}, Fa AL (growing degree days, GDD)+= L o+7
204 ZIALEASAALEYE W FE A% o=
AEAE Aol d8 &8EI glon, o= 7]5H
slo] & PEAE W3} At tefsiA F&E= et
(Bonhomme, 2000; Hodgson et al., 2011; Jun et al., 2023;
Kim and Lee, 2019; Kim et al., 2021; Nufio et al., 2010).

238 FHsgHsAoA = 71U, 594
A A, SRAE &old, TEF oI, H58 5=
T Esto] SAYEHA 71FHE A #F 305 A5kt
(Kim et al., 2021). AFEFYEZ AE, FAFESFEE, HH]
7, AR, B9, SYYPEYR 5 o) 1FeE FEot
of At om, olF FAFAFTER A=EYYol%t
=9 wol, Hydrochara affinis), N=do](Sternolophus
rufipes) 5 75°| AZE At B Yol I Hydrophilidae)
£ = AHAE t#chs o4 THEYE, e 2
ZO0Z A H$HE wEoA 238K Choi et al., 2016;
Yoon et al., 2020). ASS FAAJo=2 A o, §
T2 PR HI|RS, EE9Yo] 5& Heth &9
AEEEEolY {52 IR WA AUt Hold
Aoz A Qlth(Baek et al.,, 2014; Choi et al., 2016).
Al=Egdol(tEddo)e E¥WolzE Ago] 15~
18mm Y2 EFWoln} FojA Z77F AiFow =
o X7 FEol] ity Syt A= =olAl HA
= ofrte] "o ofs) HA fRlE= §40] U
offEdHol= A= o]t FARHAIRE AFde] 10 ~ 12 mm
2 F717F 27 At SYUAE SEFAY =olA
A BEEY AA=EYYoelet s R o] Hloj
o8l Al FRlE= E40] AUtk AF=EE Yol =S
gol= sUYHA Aol A&EHoE SgEof grom,
715 HS}of| 9ISt £ 7HAAL Q1o 2 A EA
7|53t JF Aol F8 HFFTOE SEEHI Ut
(Choi et al., 2016; Eo et al., 2023; Yoon et al., 2020).
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Fig. 1. The locations of four monitoring sites:
Cheorwon, Dangjin, Buan, Haenam
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Fig. 2. Complete view of phenology monitoring
system for insects in agricultural ecosystem
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221, 01 71dxtE 1=

o] 7|AA= &2 CIMP6 (Coupled Model Intercomparison
Project Phase 6) SSP AU L ARE AREsFATH
(https://esgf-mode.llnl.gov/search/cimp6/). 7]ZH3S} AL}
2 Q 43(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) & 7|
W3} AFo] F2 FEEE SSP2-4.59} SSP5-8.55 A
g5to] 67 7]9Rs =T 21008 7HA] BE EA ok
117§9] Global circulation model (GCM)S A5t A7
£ 359 THGFDL-ESM4, MRI-ESM2-0, CNRM-CM6-1,
CNRM-ESM2-1, IPSL-CM6A-LR, MPI-ESM1-2-HR, UKESMI1-
0-LL, ACCESS-CM2, CanESMS, INM-CM4-8, INM-CM5-0).
GCM Atme= ARF B o] AikEg 7t AHo A&
sh7] fIsiA= HOEAS ssfor gttt & AFoA=
3km ZAZt9] Ho|HAH nf Z|ZHE(EmH: 2011 ~
2040, &7+ 2041 ~2070, HO]El: 2071 ~2100) A=
£ &85t e YEAE HIE AS5FATHun et al.,
2023; Oh et al., 2021).
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4tsto] BASHITE £42 R 37| A] “nlstimedist™E AF
golo] +=PolGti(Jun et al., 2023; Steer et al., 2019).
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£ MY % ek nisimediso] 4 LI Cumilative
distribution function, CDF)2} -5 = 3~(Probability density
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oA7|A z&= GR e FRALLZE, 1, ¢, t= H]
AP F2]9] w7fEsoltt. re T2 A AT RS
) B S 9 CDF/L Skt SEg 245
o, ct= ro] Hdgtol Hote £ (T Y: time)E 7}
Z1E4E BRAE 1YY A7 BAYL FaAT
o t= BEAE 71te Bkt AAFQL AZE XA
(S9]: timeyS ehm, B 7ol B4 Ao
2 T 24 st T 9 Azkol AUA A
AL EOJ3tth(Franco, 2018; Steer et al., 2019; Wu
et al., 2015).
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8 o] 37 Qlth(Salazar-Gutierreza et al., 2013; Slafer
and Rawson, 1995; Steinmaus et al., 2000; Yang et
al., 1995).
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9 LR AASHL, 7 2dLo] g FRAARLEE
Astart. 713Hst Al e Aug 48ste] v o
¥ Az, ), vhe 2999 faANLEd E
Sh= @R Adtsto] AEAE LS 275k 1]
A 71A R 3 km AAE S AhmolA RUEE AIAH
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Al7]1= 16939 ~191.8Y & 202.5YU ~211.5YE AI=E 2o R3] Jol2 /A THE TED 1 mj2of, ZYE
g

guolo] Xz EAA7|7} 3 ol HHE FoE EAE oA A7t AlgEY & ZoE HwoH
At AT AL=EWWole} ol E o] npxut &3 A9 Arg F9ote] %fi’iﬂ*&%EOﬂ T2 AMEE
Al71& 230.8Y ~262.3Y H 240.5Y ~253.74 =2 & A}o] gugolo]l A HEAEE R4 7142 (Tbase)
£ Ho|A] go} Al=EdWol|o &3 7|7to] ofEd ol £ 0~15C 7oA 1T A2 WA 7|HA 2 A
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APATFNA AFaEZ] MSHA7]19] - Bat7]2 o9l 2d HEAEZ M A 'ETP‘ 7|ALE+= 13T
o) Gl sk 2 Al A9 e Bl A (R-0ssz Mebdd: AEESEOl GoDICIAL
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B ‘E—a—‘}l‘:}. % 239 E8L 7|2 ol9ok tE 1,216.2 dgree dayol| 4] WiA|eF 82 Sk 202 Uit
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o
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9 5 GE BALLO QBAE AT Ase ofeggolel F8 ARG 7P B s
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Table 1. Phenological Characteristics of Hydrochara affinis by regions and years. The first, maximum, and last
flight dates correspond to the dates when 10%, 50%, and 90% of the total emerged adult individuals
have appeared, respectively. The flight duration refers to the time span between the first and last
emergence dates

) Flight date (days after Jan 1st) Flight
Site Year
First (10%) Maximum (50%) Last (90%) duration (days)

2018 183.5 222.7 256.0 72.5

Cheorwon 2019 196.1 214.9 2447 48.5
Mean 189.8 218.8 250.4 60.5

2014 192.7 229.1 255.4 62.6

2016 163.0 197.3 3313 168.3

2017 185.7 211.7 242.4 56.7

Dangjin 2018 129.1 204.0 257.0 127.8
2019 172.8 211.1 236.6 63.9

2020 172.4 216.3 251.1 78.7

Mean 169.3 211.6 262.3 93.0

2014 192.1 218.0 2432 51.1

2016 189.5 209.7 231.7 422

2018 194.8 228.3 250.7 55.9

Buan

2019 192.9 221.0 245.0 52.1

2020 144.5 200.6 239.1 94.6

Mean 182.8 215.5 2419 59.2

2015 199.4 2143 224.8 25.4

2018 167.4 199.7 226.0 58.7

Haenam 2019 206.8 220.1 229.2 22.4
2020 193.5 223.3 2432 49.7

Mean 191.8 214.4 230.8 39.1

http://www.jccr.re.kr
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A aiRd 28@E Sh= 20 & YERIT Table 13} Table 2
= A 2 AdeE AHEEYYole ofEWdele FHx,
Zd, oAt 28A7] " S@717s YERAL 914, Fig. 3
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po

B2 - Y7

- 0|8

£dY+2] CDF ¥ PDFE WEIHIL Sltt.

3.2. O H=SAR Hel =

AtEEguolet olE®wdelel GDD g #85tHo]

SSP AL 2ol wE m 7Rtz 7]

Hhet A=AE

Table 2. Phenological characteristics of Sternolophus rufjpes by regions and years. The first, maximum, and
last flight dates correspond to the dates when 10%, 50%, and 90% of the total emerged adult
individuals have appeared, respectively. The flight duration refers to the time span between the first

and last flight dates

. Flight date (days after Jan 1st) . .
Site Year - - Flight duration (days)
First (10%) Maximum (50%) Last (90%)
2014 192.5 227.8 253.3 60.8
2016 196.5 238.2 266.1 69.6
2017 213.6 234.0 247.5 33.9
Dangjin 2018 231.7 2335 245.6 13.9
2019 208.5 229.0 242.7 34.1
2020 226.4 240.3 266.9 40.5
Mean 211.5 233.8 253.7 42.1
2014 202.6 221.6 243.1 40.5
2016 190.3 206.6 2243 34.0
2017 210.8 2323 252.0 41.3
Buan 2018 199.6 227.5 247.5 47.9
2019 215.5 230.3 242.6 27.1
2020 195.9 221.8 250.4 54.5
Mean 202.5 223.4 2433 40.9
2014 203.1 218.7 229.0 25.9
2016 206.9 226.5 2435 36.6
2018 202.2 215.1 242.6 40.4
Haenam
2019 208.8 2229 236.5 27.6
2020 213.8 2349 250.8 37.0
Mean 207.0 223.6 240.5 335
g 1.00 0.00125
g £20.00100
$0.75 2
‘g 5 0.00075
£ 0.50 2
E- ‘g 0.00050
20.25 3
£ 9 0.00025
5 [
§ 0.00 0.00000
v 0 500 1,000 1,500 500 1,000 1,500

GDD13 after Jan 1st (degree-day)

(a) Cumulative density function

GDD13 after Jan 1st (degree-day)

(b) Probability density function

Fig. 3. Cumulative density function (CDF, a) and probability density function (PDF, b) of GDD13 (Growing
degree days when the base temperature is 13°C) for Hydrochara affinis
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€ 050 000060
!
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GDD6 after Jan 1st (degree-day)

(a) Cumulative density function

GDD6 after Jan 1st (degree-day)

(b) Probability density function

Fig. 4. Cumulative density function (CDF, a) and probability density function (PDF, b) of GDD6 (Growing degree
days when the base temperature is 6°C) for Sternolophus rufipes

Table 3. Changes in future phenological characteristics of Hydrochara affinis under SSP scenarios

Dates and duration SSP historical SSP2-4.5 (2011 ~ 2040) SSP2-4.5 (2041 ~2070) | SSP2-4.5 (2071 ~2100)
Sit
e (days after Jan lst) (1981 ~2010) SSP5-8.5 (2011 ~2040) SSP5-8.5 (2041 ~2070) | SSP5-8.5 (2071 ~2100)
170 162 156
First (10%) 178
169 157 141
204 195 189
Maximum (50%) 214
203 190 174
Buan
230 220 213
Last (90%) 242
229 213 197
60 58 57
Duration (days) 64
59 57 56
169 161 154
First (10%) 178
169 155 138
203 194 187
Maximum (50%) 214
202 188 171
Haenam
229 219 211
Last (90%) 243
228 212 194
60 58 57
Duration (days) 65
60 57 56
WSHE BBt ZE A Autel o)A A}E%uﬂ ArEEgEole] ve) gEAE 24 A3t Az A
gole} ofZwgolo] mif 7|7t % A7l et 9 oAt EAA7]= 712 EE(1981 ~2010)0] Fba)
02 U Al=EEWol H9 dYat FxlofA UP sigollA 22k 178, 214, 2429 4 64U} 178Y,
Adk ZA@A7]°] 223 GDDI3E Y& AU o)A & 214%, 2439 % 65U & Z}o|E HolA] oL, mlf
%31 £oie Ao Uent, wdy Ade Hok) 5] EFA7)E ddo] Rebo] g 19 ~39 o WAE A
ol tisf A9t A A5} Tt Table 33} Table 4= AF=Ew o7 yehgtt ol 7|ZHslg Q3] vl e B
o] & o Eggolo] v FEAE ©Of AaE e 7|20] FetEth 5 AA A5 WEeE werEh

3 glou, Fig. 59} Fig. 62 HQlol4 AHEEGgol] 4
274 W @ AUl of2wgelo] 4EA Y Wt 1
g ez gk,

£d 7|7k Hotal FgoA & zolE Holx] 49kth
SSP2-4.5 Alu}E] Q0] H|F] SSP5-8.5 AU 204 &d
A7 19 ~179 § K= 2o Yo, o=
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Table 4. Changes in future phenological characteristics of Sternolophus rufijpes under SSP scenarios

Sit Dates and duration SSP historical SSP2-4.5 (2011 ~2040) | SSP2-4.5 (2041 ~2070) | SSP2-4.5 (2071 ~2100)
ite
(days after Jan 1st) (1981 ~2010) SSP5-8.5 (2011 ~2040) | SSP5-8.5 (2041 ~2070) | SSP5-8.5 (2071 ~2100)
203 196 190
First (10%) 210
202 191 177
229 221 215
Maximum (50%) 238
228 215 200
Cheorwon
254 242 235
Last (90%) 267
252 235 219
. 51 47 44
Duration (days) 58
51 45 42
) 197 189 183
First (10%) 206
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