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Abstract

This research project aims to stabilize populations of endangered insects and
invertebrates through restoration and habitat conservation research based on ecological
functions and life history. It also seeks to establish sustainable habitats by restoration
based on regional consultation. The outcomes of this research can be summarized

below.

This study presents artificial propagation techniques and habitat management
strategies for the restoration of the endangered dung beetle (Gymmnopleurus mopsus) and
analyzes the impacts of climate change and environmental variations on its survival
and reproduction. The research was conducted through various approaches, including
hibernation management, food source analysis, and monitoring of released individuals.
The analysis of hibernation survival rates revealed that external factors, such as
temperature fluctuations and wildfires in 2025, led to a low survival rate of 54.6% in
hibernating individuals. While indoor hibernation provided relatively stable survival,
outdoor hibernation was highly sensitive to temperature fluctuations, resulting in
physiological stress. The analysis of food sources, including cow dung and horse
dung, showed that cow dung, with its high nutritional density and suitability for
fermentation, served as the primary food source for dung beetles. In contrast, horse
dung, characterized by high fiber content and low nitrogen levels, had limited utility.
Released dung beetles at the Sinduri coastal sand dunes faced difficulties in adapting
to the climate and habitat, particularly due to food resource scarcity and stress from
climate change. The findings confirmed that dung beetles can hibernate in Korea’s
natural climate but are sensitive to changes in climate and food resources. The study
highlights the need for expanded indoor hibernation facilities, careful temperature
regulation, and systematic management of dung resources. Additionally, strengthening
habitat adaptation management and community collaboration are critical for the
sustained success of restoration efforts. This research provides important
recommendations for improving dung beetle restoration projects and lays the

foundation for future studies on climate change-responsive restoration models.

The study on Polyphylla laticollis manchurica was conducted to analyze the occurrence
characteristics, morphological traits, flood tolerance, and flight behavior of the
endangered wild insect, Polyphylla laticollis manchurica, and to evaluate the effectiveness
of citizen science-based monitoring. Surveys were carried out from 2024 to 2025 along
the Miho River near Oksan Bridge in Cheongju City, Chungcheongbuk-do, using a
combination of nighttime light trapping and daytime and nighttime visual inspections.

The occurrence of these beetles was confirmed from late June to early August, with
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the peak emergence observed in early July. Morphological measurements indicated an
average body length of approximately 33.5mm and a body weight ranging from 1.4 to
1.5g, with females tending to be slightly heavier than males. Flood tolerance
experiments revealed that both eggs and first-instar larvae exhibited high survival
rates under short-term submersion of up to 24 hours; however, survival decreased
sharply following prolonged submersion exceeding 48 hours. Mortality occurred more
rapidly under soil-flooding conditions. Analysis of flight behavior showed that males
initiated flight earlier and remained active later into the evening than females. Citizen
science-based monitoring significantly enhanced public awareness and conservation
consciousness regarding the species and demonstrated a strong willingness for
continued participation. In 2025, a population dynamics study was conducted to
examine the occurrence and spatial distribution of P. [. manchurica populations within
their habitats. Surveys were performed at a total of seven sites, including five
previously monitored locations and two newly added sites, using nighttime light
trapping and daytime visual inspections. Large populations were recorded in Sejong
(212 individuals) and Cheongju (202 individuals), indicating stable population
maintenance facilitated by active citizen scientist participation. Only a few individuals
were detected in Nonsan, while no adults were observed in Buyeo and Gongju. At
the new survey site in Yeoncheon, 13 individuals were recorded, suggesting potential
suitability as a new habitat. Across several survey areas, post-flood carcass findings
and declines in population abundance were observed, suggesting that climate change
and alterations in hydrological conditions act as significant threats to population
stability. Rhinoceros beetles were found to be strongly attracted to artificial lighting,
increasing mortality risks associated with bridge illumination and highlighting the
need for light-reduction measures. Additionally, adults were observed on
embankments and adjacent riparian zones following flood events, suggesting possible
habitat shifts in response to environmental disturbances. This study provides essential
baseline data on the regional distribution patterns and population fluctuations of the
rhinoceros beetle in relation to climatic factors and serves as a critical foundation for
future long-term monitoring and the development of comprehensive conservation and

restoration strategies.

This study was conducted to develop rearing techniques and investigate wild
populations for the restoration of Haplotropis brunneriana. For rearing technique
development using F2 generation, we examined the hatching rate differences of egg
pods according to overwintering conditions and conducted rearing management of
hatched individuals. The rearing results showed that the overall hatching rate of egg
pods was 22%, and the mortality rate of first instar nymphs was 68%. For wild
population research, habitat monitoring, wildfire-damaged area surveys, and

post-release monitoring were performed. Habitat monitoring was conducted once a
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month in April and May, resulting in the identification of a total of 13 individuals,
with more individuals confirmed in the April survey. Wildfire-damaged area surveys
revealed no individuals at survey sites other than existing habitats. However,
individuals were observed in nearby undamaged areas, confirming a new habitat.
Post-release monitoring of laboratory-reared individuals showed that individuals were
recaptured until one day after release, confirming the possibility of initial settlement.
The mean dispersal distance (MDD) was estimated to be up to 44 m and Diffusion
coefficient (D) 0.5 - 1.5 m?/hour.

The study on Cicindela anchoralis aimed to enhance the efficiency of artificial
propagation and release programs by developing a non-invasive genetic analysis
method using larval exuviae, identifying optimal overwintering conditions, and
evaluating the developmental and reproductive traits of artificially reared adults. In
the genetic analysis, exuviae recovery reached approximately 83%; direct gDNA extract
method exhibited the highest PCR efficiency when diluted tenfold; and three COI
genotypes (A, B, and C) were identified within the propagation group, with the most
reliable amplification obtained when larval exuviae were collected within five days
after molting. In the overwintering comparison, indoor overwintering condition yielded
significantly higher survival, pupation, and emergence rates than outdoor condition,
and because adults emerged roughly 100 days after overwintering ended, March 10
was recommended as the optimal termination date to align with the natural adult
activity period (mid-June to early July). Artificially reared adults exhibited
morphological traits comparable to wild adults, but their lifespan was more than 60%
shorter, likely due to insufficient darkness during the pre-pupa and pupal stages,
indicating the need for complete darkness during these developmental periods.
Although female ovaries developed normally, non-oviposition suggests that
improvements to oviposition environments and assessments of male reproductive
capacity are necessary. Comparative ecological studies of related tiger beetle species
may further contribute to refining artificial propagation techniques. As a study for
habitat restoration, an evaluation was conducted to identify suitable habitats for
releasing artificially propagated populations and to assess the sustainability of existing
habitats. For this purpose, a habitat status survey was carried out targeting four
beaches in Imjado, Sinan-gun and the single existing habitat beach in Bigeumdo,
Sinan-gun. The survey results of the former habitats showed that Cicindela anchoralis
were not found on any of the beaches. Most were low-lying sandy areas that were
inundated during high tide. Some beaches lacked refuge areas because their
back-shore space was blocked by stone revetments. Overall, Samduri Beach was
judged as a potential release site, but artificial creation of a non-inundated sandy area
was deemed necessary. In the survey of the existing habitat in Bigeumdo, the adult

activity period was delayed by approximately two weeks due to a low-temperature
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phenomenon in the spring/summer of 2025, and the number of individuals
plummeted to about 1/10th of the previous year’s level. This drastic decline was
presumed to be primarily caused by sand loss due to sea-level rise during last winter
and the mortality of larvae due to prolonged inundation. Post-release monitoring at the
Taean release site confirmed early larval activity and the potential for overwintering;
however, activity decreased due to summer dryness, and adult emergence was not
confirmed. Finally, to restore and strengthen the habitat populations, 83 third-instar
larvae were released at the Taean habitat and 39 at the Sinan habitat, aiming to

restore the habitats.

For Satsuma myomphala, two individuals were introduced and reared in 2024,
followed by the acquisition of two additional individuals in 2025 (total n=4). A
habitat-simulated environment was established, and continuous feeding and calcium
supplementation enabled a 100% survival rate. A total of 81 eggs were laid on July

24, 2025; however, all were unfertilized, and F1 offspring were not produced.

Monitoring of Koreanohadra koreana populations on Hongdo and Hataedo showed
generally stable densities across sites (Hongdo: 3.5 - 10.9 individuals/100 m?* Hataedo:
9 - 18 individuals/100 m?). Field observations revealed anthropogenic threats, including
illegal collection and tourism pressure, highlighting the need for continued monitoring

and conservation actions.

Field surveys of Arqyroneta aquatica in Yangsan and Yeoncheon identified population
characteristics and habitat conditions (with relatively higher density in Yangsan),
which were used to design the rearing environment. Initial mortality was caused by
cannibalism, suboptimal pH, and cyanobacterial growth (initial survival 50%). After
improvements —including water replacement, filtration system modification, CO,
injection, and introduction of biological cleaners—survival increased to approximately
80%.

Keyword: Endangered wildlife species, Gymnopleurus mopsus, Polyphylla laticollis
manchurica, Haplotropis brunneriana, Cicindela anchoralis, Satsuma myomphala,
Koreanohadra  koreana, Argyroneta aquatica, Ex-situ conservation method,

Release, Food source, Monitoring, Population survey, Citizen science
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100-T-138 2 (g/100g)-

T B4 (S48 = (%)

3]32(g/100g)-A"¥(g/100g)-(g/100g)) ol T} Al4FE AT

~

- Zﬂ%(Dry Matter, DM) 7] %4

A=

T

A
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-

=
a3
==

[€)

) .

okl A =

=

oFs}

12 AR
g A% /EA FAsHE o] FA =

3} o

F7] it o

(as-fed) 71532 & (dry matter, DM) 7|
[e)

Aol ma

Np
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~

A
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EE
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S 2 AAIEIL ATHNASEM, 2021).
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B ZA
(%) o 2 ZHAL

==
| LN

o] =% ;é]
obel 2ol whe}t Z1E 7]

s
3

o

)

&, Moisture(%)

3}
=

A71AM XS F& 71E

o) g,

Xpm (%) = [Xyet (%) / 100 - Moisture (%)) x 100

o

¥ T FS Van Bemmelen factor (1890)

%3

o))

89
o

(100 - 232 (%)] / 1.8

C (%)

_Z:l

H
=) %)

)

N
P

g Mg

15!
=

=

o

A=

PN
T

b 2k sz, ol

6255 &3

AHA o] I:]'(Mariotti et al., 2008).

ol (%) / 6.25

N

N (%)

712 WSETHBernal er al., 2009).

(%) | AT (%)

o
4
me

E
g

"0

i

A/

7h

81.10%,

T 2.12%, PRt 1.42%%E 90|

Z}
PE T8 1.36%, PHE 0.55%= 2ol A F 2.54)

pas

oN
| Y

80.75%% AN =

= 7.43%, vHE 11.01% = #Eo]

o

M
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H =2 A7 3= EA™E O-1-3). 184 F A5 BEF & %
ol 0% ol T wy] R, 5 J1E AL A Frel )
ol Was WekA BATh SRl AR FES AT, AR
AR Y FA 2 IR SAS ARFoE vusty] fsiAe dE
1% B40] WA oln)
# 11-1-Q). Hold d=(F=, ok=) A ZIHA
a2 | el T e
=1 | T F = o | OFE1 | O22 | OFE3 | ET
% | % | 8022 | 8163 | 8146 | 81.10 | 80.96 | 80./8 | 8051 | 80.75
Eh43t2 | g/100g | 1347 | 1214 | 1268 | 1276 | 1237 | 1545 | 1528 | 14.37
oA | % | 234 | 202 | 200 | 212 | 140 | 138 | 147 | 142
=AY | % | 127 | 159 | 123 | 136 | 075 | 034 | 055 | 055
Zd2 | % | 035 | 035 | 03 | 033 | 016 | 018 | 019 | 018
xsE | % | 286 | 246 | 277 | 270 | 223 | 233 | 248 | 235
=M% | % | 729 | 737 | 763 | 743 | 1091 | 11.38 | 1075 | 11.01
NDF | % | 1153 | 1095 | 1072 | 11.07 | 11.24 | 1172 | 1269 | 11.83
ADF | % | 893 | 957 | 860 | 903 | 914 | 105 | 1082 | 10.15
2% | % | 044 | 029 | 031 | 035 | 005 | 003 | 004 | 004
ol % | 010 | 008 | 009 | 009 | 015 | 009 | 01 | 0.1
2% | % | 017 | 015 | 014 | 015 | 014 | 015 | 017 | 0.5
oladl& | % | 009 | 008 | 009 | 009 | 004 | 003 | 003 | 003
PH - | 865 | 007 | 884 | 885 | 821 | 804 | 808 | 811

W) & 7]<F(Dry Matter Basis) 3% Bl

A& 7l &4 A, ¢ 2 E11.20%), Z2A(7.24%), Z3]5(14.26%)
| PRS2 &S Ueo] dEFLUET FdeE
* NS BEn 5 udE - " AR

AFgE o] Th(Hanski

!

r>~
oo
[-40
-
©
Jo of

(Bemal ef al, 2009). ©]= UHEo] AELEe] AAL 3 = Ho|Y

A dee A
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7l 23 B8 FHANZE F Ave 8A&E HIMETBemal er al, 2009).

ol & o Agek 712 dS YeRd Qe
T 0.48%, "HE 0.59%% & ol flth Wb o=g 9Fo] nAE
A7 gae fed FUlE 74, pHE F AR BT LA S
HYPow, fRojA Fujyoz w2 gZedol TEHIUGT. o= 4
da RAGoNA vAE 43 FrlE Bal7F 423 doju= At

E 11-1-(4). 4=(Dry Matter, DM) 7| &= &t M
g o}
g2 | o
21| = = gt of21 | OI22 | o233 | HH

Et+3t=E | g/100g | 68.10 | 66.09 | 68.39 | 6753 | 64.97 | 80.39 | 78.40 | 74.58
T LA % 11.83 | 11.00 | 10.79 | 11.20 7.35 7.18 7.54 7.36

2t % 6.42 8.66 6.63 7.24 3.94 1.77 2.82 2.84
e % 1.77 1.91 1.62 1.76 0.84 0.94 0.97 0.92
3| & %o 1446 | 1339 | 1494 | 1426 | 11.71 1212 | 1272 | 1219
ERS RS %o 36.86 | 40.12 | 41.15 | 39.38 | 57.30 | 59.21 | 55.16 | 57.22

NDF % 5829 | 59.61 | 57.82 | 5857 | 59.03 | 60.98 | 65.11 | 61.71
ADF %o 4515 | 5210 | 46.39 | 47.88 | 48.00 | 54.63 | 5552 | 52.72
B % 2.22 1.58 1.67 1.83 0.26 0.16 0.21 0.21
2l % 0.51 0.44 0.49 0.48 0.79 0.47 0.51 0.59
= % 0.86 0.82 0.76 0.81 0.74 0.78 0.87 0.80

otau & % 0.46 0.44 0.49 0.46 0.21 0.16 0.15 0.17

2}) g BN ratio) 4

R EAe Aa%Tee HolUow SR njRe] WA WAE

SO
i)
o

= Ao
flo
o
BN
N
AN
o\
=
2.
5



AL onst), HbHE npE-2 H i 41.47(unitless) & A A7} B3 g4 H]
o] AUAoE & 184 J[HY dF¥H EHS BHAT. o9 Fe
< #4¥ s &9 £5 A, T3 A, ndE 24 dae 9
o gom, ot i BE Ago] £ETH oA MELEHY + 9
== YHTdHE T-1-(5)

I 11-1-05). Hol&d =H(F=, otx) d= 7[& BHEH| v

_ 22 ot
o=

21 | 282 | 223 | P | oi21 | of22 | o023 | BE
AR | 4752 | 4812 | 4726 | 4763 | 4905 | 4882 | 4849 | 4879
mag | 189 | 176 | 173 | 179 | 118 | 115 | 121 | 118
EtZld| 25.11 27.34 27.37 26.61 41.71 42.50 40.19 41.47

3) B

AETYE FEvdgedA EE97] oM E Iwo=E ABYH To2, 49
oA JRA ELe HAsletal Abs AY The S Eole Ao
2 QT H UH(Hanski & Cambefort, 1991). ©] &3+ A A EA ujio] =
AToME Holds FAIG sy vk, AA Aejed s thikst
oA FFA ol e 12FY Vs WS EFIE ARES)
dRkA o 2 e = o] ghtkScholtz e al., 2009).

(
]
N

==

ki £J>

mzjﬁni
R

M o2

rlr
oZ
1> o
o

< FHEOMA oL W FEpAlof A AEA A A&

T Adow oE- AL NG 72 T EHY I
T " AFH 75 Lol ARHH TS =
(Holter & Scholtz, 2007). Tl &0 7}1=9] Alg T4

o
A g 545 dAsH, ol BHA 2359 AS A3t AdR

off

= 12
v
2
32
o
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O
il

EF, A2 ATIHE 71 B ) 7
i

o] 2%Tele] Yz}

et al.2024).
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dyd #Eg t4, 50 mL IYZ FE, AFE F
gE)E ZUZ FHo 45 mL o) AFE Ae, FFE sy
+ B o2 JTE uob o] & HrHES R
T2 AR)E UL FH 30 &
1 3 2 9ol &2 10 mL ol ¥ 4% gAE 7hed
ol &= ¥ Utk T8 AaE 8 HoE 2AAHA BN &
o] A71A Ik w2 felle Ei Fo= YTE 2
2 A Aedde] Ed
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b kel 5 WA

TFHAZFTEo]l & HF Aol WmE HE EZS dolRV] fste, O
V2 ART(1~24040 A SR 4

A 21" EF 2 ¢
7HA Zb o 3714 HHESho

m BN

b

N

52

oo
rlo H

ag -2-(1). =



hx=FOAHAAE F 20 EFdA AEE 100% S yﬂ A5 JNA ¢

4353 AT A AP A5, JAF 187
3AIZY, 6AIZIA = F 2 EFolA AEE 100% S vxlé}oq @] R
of g =& WS Bt Id4 A R2AREHe 20 Aozt b
Eint=t, &5 A 2dd A= AA3] 100% s ot EG fol &

S T A E BEEC] 333%E A3 FASATE HF 24X AE
ExF A& 2704 100% AEC] FAHIJY, EF ZHAAE 66.7%%E
O 3 EHE F4s By 9 5 8A3F oj$HHE F 21 BF
ANA AEEo] FIREA FAsEATh 4843 60AIRE A Al BT A&
ZM = 66.7%2 AEES BHYo, BEF 2HdAM= b2 333%9F 0%
2 g g 120413 o] Folls AEE] U dotd, v 7‘<H—°r
Z70 = 12047kl 33.3% E'_Po A EBFR L, 16841 2404 3ol A= B
< MAZY #AEt AEE 0%E e EG ZHdAE FYaA 120
A7t o] Fol = A EC] 7H @%JHZ] eFokal, 168413 ol A= 33.3% 9]
AEES B F, 24043A = A AAZE A AsEA T
B A Ay, FdTdo] &2 @] ezt ool dialA = Hle =
< WAS 7HAE Zlem Ao, 1243 o A7) He Aele =
Ao Ml 2Ll F43] adte AFS BAT 53 EG fo &S
T AHdA FAed A9 AEE Asty o wEA Yed, EG W A4
Tu AT vAdE S F7F o FFol ATl FAAA IdFE X
Ao 2 FHHET. EZF 4843 ol e & AT WA FFE
A, 12043 o] Fol= & HARSkE Aoz FAFHATH(E I-2-(1))
EOI-2-(1). SHEGo0| 2ol AZihd E$ LA ZA}
As z 2 MES(%) (O ME 3
28 | msAzn | ae DL EE X BRSO 88 X A
o = 0 3 100 B gls 100 =T gla
1 3 100 O, O, O 100 O, O, O
3 3 100 O, O, O 100 O, O, O
6 3 100 O, O, O 100 O, O, O
12 3 100 O, O, O 33.3 X, X, O
e 24 3 100 O, O, O 66.7 X, O, O
== 48 3 66.7 O, O, X 33.3 X, O, X
60 3 66.7 O, X, O 0 X, X, X
120 3 33.3 X, O, X 0 X, X, X
168 3 0 X, X, X 33.3 X, X, O
240 3 0 X, X, X 0 X, X, X
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120717 Aol s F 23 BEFolA AEL0] 333%=2 F43592.H, 168
ARl M= & ZdolARt 33.3%7F &St E }_Zioﬂ M= A JRAZE
HAFSFATE 24041%F H ol e 7 20 BFollA AEE 0%=E YE, A7
SE.O
o =

A5E 18 f30 AE WA GEe MAE Aoz AN

dFole &3 18 5 EF 2443 ool @] Heole HluH
70‘5} Wde 7 Aoz gAY 22y 4843 o HeHHe
FEEO] FA3] A, B3 EY xAdA ¢ WE A Y=

E 11-2-2). #4340l 18 752 AlZtig = Uy =A
AP =7l U MEB%) (O BE, X AN
a8 | JsAzE ()| A= -
RE + 2 75 + B+ 2
B 0 3 100 4 els 100 24 sls
1 3 100 0,0, 0 100 0,0, 0
3 3 100 0,0, 0 100 0,0, 0
6 3 100 0,0, 0 100 0,0, 0
12 3 100 0,0, 0 100 0,0,0
Naz 24 3 100 0, 0,0 100 0,0, 0
48 3 66.7 0, O, X 33.3 X, O, X
60 3 66.7 0, O, X 33.3 0, X, X
120 3 33.3 0, X, X 33.3 0, X, X
168 3 33.3 X, O, X 0 X, X, X
240 3 0 X, X, X 0 X, X, X

wat, 43 18 fF BF 120% ool A7) AselAE Aol 3
7 L A AT AAST ol 4ol

|5 Aol ulS 2eFRe A, A W
N

0 Z
":'i‘ = i
OM @%z‘z 2 Q3 A7 EY HAge AT FA XA FF
o o o
A 1 =
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g vl A% B4
D ATWHE 2 8
DICERE:S

HE9)71% SaEdolo v W% WAL sotsie] B
A4 FAAY. FHFLolE okt FEAo

A o, AA AA AAANA oF Ag, BF Az, vk
NAA ABE 5 7124 Auo} s 253 Agolt

o
[
>

>
N,
o

AAANN FEEDel WY FTE Lois] Aot ATA 3w 2

=
ol BHH T QL FAo = of7t E3lo| SOlEE oF.2Z=o] H|FPA|Zt
2 PF e A

= B4 Hd s AFets dE Y OAYEH &7t
A

TETAolE A% 6~79 o F Gt AFOE It AFS FEGH
ol =AZE Ao, AHIAAS Tl Tes FHSEA, oo d& HRE
2 A g3 do]l AFol A&t st duHdE oS 9
Hko)| Z5-Z](Protaetia brevitarsis seulensis)= =l @8] X3t ALS7]<0|
AYEo o] tiF FrI} &oletH, A F -AFo] FdFHole} FARE T
N THolFE flightmille] 5 ol A} To=2 Ad=o] A3t
ATt S-ubo] FZFR] AF (93 F 7Y o, AARoE A5F A, 283 o3 ¢l

L knl SFFo A T okt F3loll FAFuolrt FeE HF AL
ZAFSEA T 202430 AL 204080 GAH L 21:08F 0.2 FFH o] HA
Zd3sta gFo] YT 2dslgth olF HFE 2dANLRE FHo] =& A



A7MA 23R A AL FAEY FA vt oo Hit =3 Al
7t e F7 0] 20:50487, A2 21:0087 ot} 2025 o] 32 20:38F-0] 1L
AR 2110 07, 20243 W@ F eI ol F HF IANAE
Zlo] 23478, A0l 2220802 FH o] =2 AA7IA EHIATLE ol
Hi E2AANGE F70] 205687, GAL 214787 otk

A= AlZFo] 194 402~204] Aol &2 37} AL of 79 x] 7] A2t A
o] &stA Hldstr] AAStY B W ZHo 2 {lHTh ok E FA
o] A R 2 e, o]% 37 A il

N
do
31_11
=
o
ol
S
rlr
>,
r‘.}l_,
)
P
o

o

FHAH FAE A X3 ¢3lo] HdlS AFstE o=
AA ZEsta gFlo] UFo] &Este Zo=E
. OoFZE S3lol flEo vt AdlE FH el =A7MA B g
3t 20:30~24:00 o] Aol Blsho] ERth S 21:00~23:30 HFof HP S
mhE T sEAIRE, A4 st EE VMR Tl dv AF, AE 2~3A1F
e MEE AFo] FdEe AHE Hof E&EA AHd = Hl st A
7 QS Ao E AZHEY.

B =9 AGUE vlas] 29, A2 Blksina = ¢ oy, o9
& 2024\l 20:56%, 202510 21:47R O F AIZPFO R AA Ao
st dote= A Apololar, T Alo] oo, EH

2
A7ZEA mgstr] W&ol FAHe =3 A4 #HA7E A4 vErd A

mel &
°2 HATHE M-2-3)).
E 11-2-(3) 20242025 +HEHo| ME0 Sst RAAZ v|D
2024 2025
E5AlZt
3 o3t 3 o3t

| 2+ 20:40 21:08 20:38 21:10
| 2+ 23:42 23:11 23:47 22:20
| 2t 20:50 21:00 20:56 21:47
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o & XOo2 olFsty A Xk, EHtE v AR VRS =Y
O2 olFsts dF AL AAHUE olFd MASS A3l A&
HEA i, q71A7] A vElon, A Az s T2 T
Ak A, e vy VFREFOE foE AFS do] Holx dAXAR
FZop7bAl Fshar, @vte] mrR I ol g foAM o]

A fEadd

AHstAY, E2Z 08 7ojritrl 2edEE Al &
= =°]7] % o] Hasit

1}) Flight-mill A28 2% 2 oju2s

lj

o] ZEAE YHORZ flightmille &3 AnAIS 53 HH
A, Hd gAY, B HPEE T ARE =524 st o,
2025 = St *‘6401 01 AA A ettt olo wEt B AH-E 2026
doll A7 o g o, Fdol A% A7 6
Zles vte e E Ay OM] —’F@@@ o 7g o .
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7hH dFuE
20241 F1 AHZRE LH(egg pod) 2271E AHegh worow =2 7%
MEE 3 €5 2do mE F3& Aol9k F2 Ao ArSsdg o B
ATE FAstuA A LS AUks) et Aok Ag)E Yo
A2 g8 9% 2108 45

weletda, 3k AAE2 A A2

Aol Z sletmA shiTh

d3e 20249 6EHE 7E7MA Y BH(LE: 25~30C, FE: 40~50%) N A]
#e]td om, s$EFEH AU (AH$4, MLR-352H-pk) 9} A 2] (oke] AH$A) R L0
At s ATHTE O-3-(1). ¢ 22 AF58(SPL, Insect Breeding Dish,
#310122)°ll A (A EAA=11)E 2= F IR NE dEsta. AWAS
o B¢ A2 Ad F 3= el oA 147 =255 £3std, 2¢ T
8 349 Abolel {37l o] FAAEE FESATHE O-3-(1). F3H3F F2

A 2 AFFEAA &, D71e 5 FFS ASsHac

S | SR 67y | 8% | o2 | 10¥ 112 12¢l 1< o
-,—|I| 7|‘|‘|‘
. | 17> 13> 9 . ] 7>9
Al |11 25C | 25°C | 21C ; 3C |3>5C :
25730°C >7>6C > 13C
Alo| | 11 27C | 23C | 16T 7710C 0C 2T | 1T
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20241 FAF) 7TAATE AAEF L 2405 zhz 1148 A9t A=
Lol A AR A3 A Y FileS AT 18%, A9EE 27% =
verom A Hahge £ 1-3-2). #3 23,
54 FANoS THE A9 BAHA 2F R on, T A
No10)®] &Re A9 L5 AolA s ATh 53] Nol0 &R
A9 4ol A 20243 129 2/0A 7}t & xE AA B2EE EAo] YAtk
(ZE 1-3-(2)).

E I-3-2. $2FE0F7| 27 s

ey | @m | @@ | ¥R a4 s a4 -

de | AR | MR | e o T o [ gy | TOE
No.4 5 2 0 3 0

No.5 2 1 0 1 0

No.6 4 2 2 2 2

No.7 4 3.14 8.3 2 0 2 0 22%
No.8 2 1 0 1 0

No.10 2 1 0 1 1

No.11 3 2 0 1 0

28 11-3-2). SEFS0F7| Mo 25 247 2 2024 128 Pt A

neistx e UrA dPe AUE 94 £%Hene) 3
wEAE YA s egrom, AAse FAF Ay threl @
A4 FHHE, ax 57 FAFAG AAG F FFHA Fe AR
Beleg o, drE AT, Y3 4w e Aol dAe 2
0 el A5E el A B 83709 Lol Aol AATHLY 1-3-(3).
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F 270A7F Bl AEstgion, of & 6/MA7E 457 AESIT 1%
A71e) AFES 68% 2 YERRI, IR A= 73 A5 AfS DA A
dyjsta] xal HARskl o, 1RARE 235 Al7lel wAbsksih ds 2l
e AR Adds Aoy Fagk AATE ARla, duleh Aol
ok jAe BEE 3 BaE 2AZ A AES oozt 138 AV
MAE AHGEAM NEE ARSSIA(TE T1-3-4), 348 AVIFEE A
AR HA WL FNM ASSST Hole VR2AOR Ha AR
AolA Folstom, AAH, 472, 7dx 5& Ex Holdor Ay
skl ARSSEATE A AM ANAE ARG Ao ANl A= F1 Al
ok FrARHAl YEbg T 2E NAI7F 68 &

PR AT By F7IR A"l e HOlER &

SR O E =l
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©] DNeasy Blood & Tissue kitE AH&-3te] &3 W gDNAE FE31512H, 2
H F= 892 DAP F=8H(20mM sodium hydroxide 5%, polyethylene
glycol 200, 5% dimethyl sulfoxide)= AFE3IATE 48 gDNA F=WH-2 A
8 Wi WeH sLsl gDNA FE31aL, 2FFE WS Ut 2o

% 97 UIE 2000l DAP F=890] ¥4 S+ 1.5mL FEO ¥ &
SThAE AR 2L & Aol 1083F ¥heA7]aL, Edlee] s e

=
59 5uLE PCR 71A & AME3ITh

—_—

- 27 54)e

Sl S07H) A 514 BSOS PCRste] 2 48 Hmsisich

< #3ll COl(cytochrome ¢ oxidase 1) F9 F SHFHAAF o] 47
& TRY 5 dE Ado] TeEo] ZTHES ZajolnF 3

o}gir:}(}; M-4-(1), 1% M-4-(2)). COI Od7wod Ay =2ZS 93

O

2] AccuPower PCR premix 17} FH.O "401 PCR SZ& 6}951‘3} PCR o%—%

Ho
£
rfo
b
s
o
rlo
74|
=
+
S
o
m o
o
rﬂZ:
o
QL
e
lo

IN

[
i,
BN
ofN
-
N
=
>
il
rlo

7 g =ztoln| 3 %7

Hutek =2to|H AnCOl-st-F 5-GTTTGGGAATTGACTTGTTCC-3
ofdker Za2to|H AnCOl-st-R 5-GTTGATATAGAATAGGGTCCC-3

k

Wil

H: S oA A7IMg 2 2y 2 HEol cytochrome ¢ oxidase |
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R E S AR o FEHEC
A0 coa ¥ & i 1 BN E B

EUEN AN o FHE A
ot S W om FHE D
et Ey WP o FHEC

-3 h e

bR Y
MH o FHED
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B3 hINR] 1 i 1=

LB Y D oo FHE A
i Tl A K]

S BY MEZ ool FEED
ok Ea e oo FUEC
ETa| r1m
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0 R4 AT o FEHE A
g Ey T o FUE B
s By T c BFHEC

HimE| om

Lot B4 T oor 2N A
Het e AT ool 1Y E
Llgt B4 HE col 2 HE C

Belg F5ER

B ra op
B M o FEHE A 241
et AW con FHE D w1
e s AWE o FHEC g4l
5#"' (| T T )

F 11-4-(2). 2RH 20| COl ¥7IMY =2 PCR 25 43
S M op A 22 Al =4
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LA ZF 3= 0= 30= 40= 3z
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5 2o 3F8e ol JAkE oAl HA 76%04 HI 95%
Eltorn Hi 83%9 I FE&S UEATHIH 1T-4-4)).
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83%% e B3 5?4—*.—%% S WA W 85%2] JHAlel disll fHES &
AT 5 A AT, AXR AL A fAFo] TdEAl TEE AT
sk & QoS Yehinh =3, 2RHALR0lE AAR ¢ 387 £3 FH)
2 BAshs A9 % 29037 -2%7), 297 —s37)e] Bt 58 £ glo
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SNEE IR

5 2924 Ul gDNAE AF F= WS ol&sty F=5& 45 F=
HE 108 HEHAE wl /M =2 PCR SF 587 $F MIEE B4
= AAL F ARH(AHE T4-6). F= N A= PCR TF°] HE
Uz ggrom, s Ee PCR $F &8 2d] 3|4EEH 108 FH7HA=
T3 A&°] FUtettrE 208 B4 o] FRH = FF a&o] Faste AN
= AT F AT ole FAujEo] Eotfel wet F=A U ELE 0
Zo]E0o] PCR 5% &80 #x =718ttt 3

gDNA F=7} T1o] wet fHaste SF
oh &3 109 3A =S ©o]&3% PCR F
Tissue kit Al-§ gDNA F%)¥ Hw3stH S W 553 PCR

Qe st

EHE HY 2H B|5 sHf &

108} &4 2008 Y SoH #y
Mk I 11 1T | =

g 11-4-0). eMuf 20 g 75 232 PCR &% =28 Hl1
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UAATHLE O-4-(7)).

4 ox

i
ar
-

4 L & T ]

.  edEne w0 5 200 3
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a4 AT FH:(LF, 324+ 007mm; F3, 296 £ 0.10mm)L °FA 452
FZ (37, 323 +0.09mm; FH, 2.92 + 0.05mm) T F2] w3 2Fo]7b A TH(t-test; &
A, p=05; FA, p=033). A Z AFF2A AF & Bol(¢A, 1236+

A)
036mm; F#, 1132+ 044mm) = OFAY A Fol & Zo|(¢A, 1245+ 041mm; 57,

11.33 £ 0.18mm) 2} 2] 7| gF 2ol 7F Gl A Th(t-test; &, p=054; +A, p=0.93). °©]<
AFS2 Al wold Holzk Hol F/7F 75 A7l Ee FRAEQA <
Fol QUtkE AL AAGTH AL oY AFe] WEVIZHS T A RE
HAAA7MA S AE7IF0 2 1P Soe B8t dFs4d 459
AZE717HRA, 1721 +6159; FH, 18.64745¥U)2 R A F9o AE7|7HgA,

51.71 +11.98Y; %, 66.60 *3.21%) of Hl3] 60% ©]d Zolz Z(wilcoxon signed
rank test; %A, p=2.9x10" FH, p=22x10°%= &AL F JAHIH T-4-(13)).
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I1-5-(1). 2024-254 HHMAl £F 7|

ro
o

(24.2.-'25.1.)

o Ha712(7C) |07]2 Z| XM 7[2(TC) 55 (%)
241, 43 86 04 64
242, 68 106 33 73
043, 9.2 138 46 63
044, 152 206 10.8 73
045, 182 238 132 68
246, 202 269 182 75
047, 258 28.4 239 88
048, 282 304 248 78
240, 258 30 227 79
2410, 187 228 152 77
2411, 123 72 84 166
2412, 51 55 12 92
251, 28 58 14 75
252, 24 50 16 72
253, 9.2 63 49 138
254, 136 66 88 186
255, 16.9 76 12.9 215
256, 25 77 188 265
(‘214%__‘5‘3;5?1 ) 15.86 20.22 12,08 7158
E 11-5-(2). 2024-25t4 A 2 ZSH 0| A Al of 2.4
o Ha7|2(TC) D712( Z|™7|2(TC) 55T (%)
242, 7.34 19.33 257 91.00
243, 8.69 18.04 329 78.02
244, 1410 2054 94 88.91
245, 16.09 218 10.59 80.28
246, 20.00 244 157 9377
247, 2436 2783 20.87 97,67
248, 26,69 2075 2416 94.36
249, 2501 315 18.14 9164
2410, 18.42 2479 1168 93.14
2411, 1322 2147 512 96.32
2412, 6.8 17.26 027 100
251, 459 1522 ~6.45 100
252, 2,96 1523 524 100
253, 875 232 04 100
054, 12.79 2436 557 100
255, 1518 20 9.87 98.84
256, 19.35 2325 12,63 96.03
1 g 15.44 2285 9.02 9238
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AotAad. 2849 MAE AFSE(120 mm x 80 mm, SPL)o| ElFE

&}
Z3 s A F, A Ed@ER, AF A, 4e)S SASAT A%
I A= ]

Z o 1Yo 2] 3 2 (Mitutoyo 500-196-300, 150mm, Japan)S A}-& 3}

on, BAE HAAL(CAS CKW-11WT, Japan) 2 AH&3le] =439
AL FHaFPole tEole Rgew HA TEsAT Al wE A,
AE, FAE zol= ttestE o83t P<0.05 FEoAA BA B4

AR AN 8 AY T FoRgE 2L AAE £YskA d3 K

2) A4

FHEFdole 5/ 2 tEolet I o] RARYOE BHXNE EAL
7T A9 HSole 7uit), 4FE 5~evTE WA AW, ZE-Ho| F7}o)
TR vk 7EFS BHAdIoE F& AZANS gH, o B3
Fe A s P4 dS5FH7E o] glo] EAA e vEht
(NIE, 2022). 7]&¢] AFollA FdZFdole] Fejzel A7) 3t =74
7152 jlen, # A= Ago® #4930l Hd 4 RS
A A 2

He AL 202439 o He A F 13 ZAR6.20.~21)00 A ozt
532 x3F 10utg] FolA 9ntg], 33 FAH7.17.~19)00 4 ©oF7F 532
ol 10mtg et FrtE 2849 2vty], F 21HAIE dideE M EHA.

q | ZAH6.19~20) N A 1278 A 9} 22+ ZAF7.2~3) A 671 F
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olel AZE, MZE, AS

X du| B

T ARAL 7| H & H = Hozs My (e
) T 3247+134ax 16.47+1.30a 1.28+0.05a
6 1197%21 ) A 33.50+1.70a 16.30£0.57a 1.32+0.06a
=& 32.70+1.38 16.43+£1.15 1.29+0.05 78 122
= 33.59+1.64a 15.73%20.84a 1.40+0.26a
3%t o
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=35t
6. 13_%_9_) A 34.16+1.83a 15.88+0.72a 1.72+0.41b
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1% o
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DA EEX - - - -
(72.7.3.) 10 :0
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e 33.77+1.65 15.16%£1.10 1.54+0.32 8.18 : 1.82
AT ol 2xF Al7|ofl= RHOZ Ssl2 AAISHA 2%t
2025 @ =0 = F 187419 B AF, AE, FA= 47 33.77+1.66mm,
15.16+1.10mm, 1.54+0.32g0 2 ZAE O™, 2024 d =9} FAS A

HAT FAR dA AulE 818 1.82F YElgEd 23 A
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40~50th (79%), 10tH(17%) =oAL, 20243 oll= 40~50tH (66.1
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3. %.‘i %m]'r7]

7t AQA W AT ZUEY

h AFNE
od AT A3, AAA W) AAT DEE gasts AFL ngon], @)
2o AAT BEAAE A4A U AW =4S FYSCSGE AR
WA TRsAe A %S 20 teith FRFFUFIY A4AE i
Mg Q1T opike] FAMRE ol RS, Fwom WA, W, Hrd ol
CEEREEREE 3 A4 %ﬁsmo] CESCERIRE

ANA AT D=7 A
ol AAA W AAAT 3

W) A

A4 W AAE 2R fel, o)d AT AAZE

D 37 Ao HAR oA A B G| we Ao 7} 154
2AHE FYFATHE M3-(1). ZUEFS 7123 2o P9l Mzl
e Besle AAE YEES lzs-}sasz, 2712 Qe YuAE 24
stel AAE FAtnA FATHLY M-3-(1)).

o4t Al 7] = ALK Ao

1 2025.4.2. e

2 2025.4.3. o/ M N o
3 2025.5.13. o A Ink=REJVEE-TRESTIE N
4 2025.5.14, o/ M

a7 N-3-(1). SEFSu 57| ok i 2 U2 ZSAW
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4 5704,
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o /\]-:'IOﬂ /\1 ey
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T N-3-Q2). SE2FE0 57| HHF 2HEZ Hn
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Al7] (A /F) EVEEST) (ZA/ZF ) =
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& 5 5 3 13
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AbE HE) A 2AME F 53] FEYI(E M-3-3)), AsA 571 AH, v
oA 1] NS ZASFAT

I -3-@). &h= "X Z=AAZ] 2R
No. A= Al 7] ZARK| |22
1 1AL 2025.4.3. Hufa| 431 HMFW3| 2K
2 ) 2025.4.15. Hufa| 4431 HFWs| 2K
3 2 2025.4.15. ZMa] Ah37-2 o] | oH X|
4 2025.5.14. Huta| 4k8-1 dF W3 2]
5 _ 2025.5.14. Zde| L437-2 O] xf s x|
6 3 2025.5.14. A EFE| 1034 otE el Lith X
7 2025.5.14. S22 44541 SHEX el
8 i 2025.5.30. Huba| 4481 HFu s 2X|
9 A 2025.5.30. SHa| &6 otg ol Lh X
10 i 2025.6.12. Huta| Ak38-1 HFEuws| 2K
11 o 2025.6.12. A E2Z 110-3 otg el Lh X

A 578 A 24 A 71 AAAE AL ) AFAME TR
FUF/E ST & AT 71E AAA Y A bR Fa) o]F A4
& Flsty] 98l € 1~23] 2AME £, F 1070A S FelskAnt
. IM1-3-(4)).
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—~

E I-3-(4). &= mohx| e Z 2O )

11 WA mme | mmel | sEEl | osmal | osmez | EEE
i 3 - - - - -

2 6 - - - - 2ol

3 0 0 0 - - =ol

4 1 - - 0 - -

5 0 - - - -
==l 10 0 0 0 0 -
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sare x4 A7

! i
14 2ATE AT APe Ak
1

a7 -3-(5). &2 Tl MAX 2 el M

5do &dd MAl= A @z)ollen, ofd B A HdA 50m ozl
Ao BAEHAAL, 6doll= Hxﬂﬂ A=A FAUT

Hepe] 2AAS] B AR FE A7t BAT A0 Bojn, npg

99 JoAe z2Asgo AAE SAEA GRtHad M-3-6). e
awg ofue FHoE Yuix7}t WA A4l o), FF 7 247
Bas Aoz BuHn.

el 2AAE 4T AR ZA FHow HAY Tg 2AHe 247
Aol glon, Mt HARA YUY M3-7). 42 sl A%
278 JEE sobdth
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a7 -3-(10). olxlsi x| ZAX T A A{X])

49 AL Al 6A o] AAo] RIS, 59 ZAIAE A3 2714,
k% 4MAZE TEE AAA W ANAT A7V e A2 A HlE 2
Ao w ATHET. AXA FHolE BA7E Jdow, YAzt §A d4H 0]
AATE Tk FHe] AL 5 P acle]l EAStA AR #ErF 2o
Ao w e}
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JESA MAE WAste] A2x A3 &2l g A EYUEH S )
T Y-AQxg PSS AHESt 2AME TR WA JAEFSA NAE
F2 & gAtste] o Al RS, AEEY Al P wA FlS
3 MAE &lstATH(E M-3-5)).

A OHH | AR | MM | S | EA WA | BALR | A £x

ST

A 2% g | - D elz | g FA

(2

ST,

otz | B | 2% | 4 % | E elz | g A
(RE=Z)

==

7t

C | 2% | H¥EM | - F | 2822 | g4 HEA

(21%)

f

)=]

L
=
T

A 2] (Mean dispersal distance, MDD)%} &4FA| 4= (Diffusion coefficient, D)E
Stk A AR NEoR AmE AT AT SAs] WA

Aol td FRE HESA
2) A4

3 o5 HUS 95| ATY AL /1S3 PA AR B
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OH'I o F-.>L
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o] dA Azt HACE ANEZIYS AEF A 0~19 ZA7EA AL
gl o, o] x4 JhAlE TAEA FUI ok MMAE 7€ Z7HA
AL AT (E I-3-(6)).

EZ I-1-(6). SEFS0S7| LA HA 2uEZ Zo}
| MEE A7 ol AT |

1 EEDN . - 3 - 670 & 2hAt

2 1A12F At 2 = 2 = MERER
3 OA|ZF A1} = —-r = -1 570 A A &kl
4 AA[ZE Z4 o} - = - = 57H & &Y &l
5 23A12F Ao 3 = 3 " EEER
6 28AIZH A3t : = 3 " EEEER
7 9 - - ObM JHx| ol
8 16 - - obM WA ol

AEE =HAGD A7 YA HEE &8st FHHEAAZE FHS A,
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E-1-(7). SEFS0SE7] WAF JHA BR 2abq2|
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A Al7] 2AAE| S%
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6 28A1 72 A1t 440 m 270 (A, B &tel)
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