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Taxonomic Characteristics of Chironomids Larvae from the Hangang River at the Genus Level. Jae-Won
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Kong® (0000-0001-8438-1417) and Ihn-Sil Kwak"** (0000-0002-1010-3965) ('Department of Environment Oceanography,
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Yeosu 59626, Republic of Korea; *Department of Life Science, Kyonggi University, Suwon 16227, Republic of Korea)

Abstract The Hangang River* is necessary to manage the water environment of severe pollution due to the
high density of residential areas, parks, and agriculture and the large population concentrated there. Benthic
macroinvertebrates, such as chironomids larvae, are bioindicator species that reflect environmental changes
and are crucial for water quality monitoring. In this study, we investigated morphological characteristics and
molecular analysis of the chironomids larvae inhabiting the Hangang River area for water environment surveys.
For this research, 20 rivers, lakes, and urban area in the Hangang River basin were selected. Chironomids
larvae were collected from July to September 2022, and their appearance and characteristics were identified
through morphological identification. In addition, phylogenetic analysis was performed based on the mtCOI
gene sequences of the collected chironomids larvae, and identification at the genus level was confirmed. As a
result, 32 species and 18 genera of 3 subfamilies of Chironomidae larvae were identified, and Stictochironomus
sp. dominated most sites (6 sites). The morphological characteristics of the identified chironomids larvae, such
as the mentum, ventromental plate, and antenna, were organized into table and pictorial keys, and a Bayesian
inference molecular phylogeny was presented. These results provide basic morphological information for
genus-level identification and can be used as fundamental information for water quality management.

*The public nomenclature following by NGII 2015
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Al et A EARE Z3YSHAL ATk (Park ef al., 2021).

AP R A2 FTES DA} s, = 73338
NS s, Fuge] YAl S4T $8E
EZEHRCR A0 Y AEE BT 5 itk (Lee et al.,
2010; Hong et al., 2019; Jung et al., 2022). 1% 2153 &
2 AAA &7 4 Yol Fofl ¥Hste] Al 2 F ot
o] FFE W BHEAEF0|L, B St wEh e
2 B4 FHA E4o] ¥3Z =T (Carr and Hiltunen,
1965; Kwak, 2015). & &4, 314 5 thafst Ao A4
she, oF 1299 =5 A% Bt &, 1% 1~437], ¥id)7]
O HEAE AA HFLr 933 F Y 5% SA AL
3t} (Kwak, 2015; Reyes et al., 2021). 0123t o] f-2 Zubt
7§35 32 5403 AR Bol o] $53 3tk Mon-
taflo-Campaz et al., 2019; Kim et al., 2020; Park and Kwak,
2020). LU oA SRSt whE Zut AT FESHA
gom, 53] {5 &5l et A4t v nu|sih

A AARL=R °F 10,00059 Zut77E BAEoH
(Armitage et al., 2012), Yo A= 19941 4359 Zul+
F7F A& BRI (ESA and KSAE, 1994), A 4004
o] THEAYY =] BETYFY FHLE 5F
ol ok (BA 719). ZuF 759 FEle Skt ve
fARRE 5435 7HA, Q72 &, off 082 BuA7L 2
AE, SR A @ AL A7 P oA T
5 2Fe 5 I T4 o]FofRaL Qirk

ZUTF 59 Bt F 84S A% Alee dARH
A&Ho g AP Jloyt e EFJo 2= & 37t
A 7Fs8}th(Failla et al., 2016; Cranston, 2019). & 43
o 54 57] $i9) e 54 THo| 2 AgEE v
o meE A &Jet UM A| F5 o]-8-5to] DNA §7]14 4 &4
< 58 954L 3 ARE7E JATHKim er al., 2012; Failla
et al., 2016; Yoon et al., 2019; Kang et al., 2022a, b). U|E
ZEgof G7IAEL ¥Fo] ¥4 dojur] gjZe] 2 A
3h Aot ) FAst F Al g o] 8H e fAAolt
(Carew et al., 2007; Pfenninger et al., 2007). ©|¢} Zo] Z&
WE EFE DNA 7149 #42 EdE 54 o
A Fe 4L st glen, JeAo] Erh & AF oA
2020, 20219 ol BHE 2ot { 52 S48
31 (Kwak et al., 2020, 2021), & 1949 2012 §52 4
2]3} 4t} (National Institute of Biological Resources, 2022).
2 AollA= 3 E9 W ohdRt @0 AAshe Zukt
5 FEA E4S 2ARSH] fdl, 74olA 0¥ F4t3
Aol AR 7 Y 203004 A=E s, 2R
59 58S AASHAtE A4S & 27 SHAAL, 4

& Uhd ZTTR §39) F4 242 517]8 (Mentum),

0T 85

D AX [=] S
& +E 2R 2 141

Z7Z}(Antenna), B-57]8 % (Ventromental plates) 5 FEH
548 ReSIT, B AE B4 22E ABeALE ol
25 22870 A5 ZUTTH 439 B4 1% 48
= 984 Aol

1. 2R /S MEE ¥ A EH

FAF 71702 20221 7HONA 99 < € 13] F 39 AA
st AR AR o T A Al 5hd, T4, =4
AY & F 2035 AT (Fig. D). 27 5 A&
AL ol &2 A-ANME 2o AHY7] (Core sampler)
£ AR8stEen, 2 A Yo M= I3 (Ponar grab)& ©1&
SHATH HAE< 20 em ZHo7HA| e, ATt &
HE2 EEYA (Size: 02 mm)E ARESH] YA} 27171 &
EHES AA $ dFA 95% oehE=E 1753t AF
A2 F7 F S

Mo

2. ZuR 7S JEH ST

AUTH $EE Rio] AA FEE APUAA A
A &gk Fehd F(Sorting) EHEE ThA] BEFH] F
A5t FH $AL ¥ AR E Zuptat
7H&” (Kwak, 2015)Z} “The Chironomidae” (Armitage et

al., 2012) 281 Z=t 2577 &3 (Cranston, 2019)& 3+

nasict. Ao BAL AA) Al (Leica, SSAPO)E o4
o & 420 $RE siglor], AHER 5 & oA 3
A BRo} 52 2AS Bslel BARAY, Fa B

%4 Wb RS Aol ZAS FRE ausiel S0l
E 9 ok E A% (CMC-10) &Y & AW Ie2z g
o JTER Sefo|=E ATt AR SeholEE 1
vj-&%8+8 1|7 (Olympus BX51)2 82 #stgon, &

H (Head capsule)®] £7Z}(Antenna), 3F<=7]2 (Mentum),

E X272 % (Ventromental plates), 4 (Ligula), F&4
(Paraligula)Z} (Body)<] 32 75 (Anal setae), ZH AT
(Ventral tubules), ZA|3(Lateral tubules) 18|11 = ZX|
(Posterior parapods)®] ¥-& (Claw) 5 &35}t

tlo g
o

3. DNA &7|MY 24

SR A7IHY BAS P8 BRol T2 22 s
slal -2 Fe2 o]835t9th DNA $&2 Genomic DNA
extraction kit (Bioneer, Korea) T2 EFof w2} =335}
t}. 323 DNAL Table 1] COI primer® £3a 4 G4
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Fig. 1. Sampling sites of Chironomidae larvae using core-sampler in the Hangang river in 2022.

Table 1. PCR primers and lengths of aligned sequence for mitochondrial DNA.

Markers Primer sequences (5’ to 3') Reference
LCO1490 GGTCAACAAATCATAAAGATATTGG (25mer)
Folmer et al. (1994)
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA (26mer)

Table 2. PCR conditions for COI primer amplicons.

Temperature Duration Cycles
Hot start 95°C 7 min 1
Denaturation 72°C 40 sec 10
Annealing 50°C 40 sec 40
Extension 72°C 50 sec
Final extension 72°C 7 min 1
Hold 4°C 00 -

HE-S- (Polymerase chain reaction)& 233}t (Folmer et
al., 1994; Kwak et al., 2020). PCR cycle Table 2 A2
2 AYPstH o, 1.5% oF7FRAZ (agarose ge) 2 A7) 9%
sto] SZH e FES A3t £ PCR gel purification Kit

(Solgent, Korea)& |83l AAI8It}.
4. 2Xt AIS 2M

DNA 47|14 ¥€2 MEGA X (Tamura ef al., 2021) X271

HollA 712 wiHFS ARE-Ste] FEHGITH (Clustal W)
(Thompson et al., 1994). & $59 54 57| Yl
NCBI g#o| Ao Fej= EAT &3t 22 42 F7]A
d HHE o} A EA8AL, ok AF2E2= Yy
2%, ER7)F 3% AAst 24 AlE 2A = =3
S} (Table 3). G714 EE9] FEt g mdS 317] §
3] IModelTest 2.1. 10 (Darriba et al., 2012) T2 133}
Akaike 7|& ARE A5} (Hurvich and Tsai, 1989),
ZuTF §59 nEZ=or G714 E A=l it F
Z 22 “HKY +G+1"7} A= Atk (Hasegawa et al.,
1985). Bayesian inference= BEAST v1.10.4 (Suchard et
al., 2018) T2IAE Ag3tel nlERE ol G714 7
29 AFLYIE BAZ FEhGon], ARIA 474 7
ol RS T8} Clock rates L34 YREE o= A}
|5 Utk 99 nEZE=Lor H7IAE o] vl
1.4%2} 2.6%2) B 3¢l 0.022 445+t (Knowlton et
al., 1993). Yule process (Gernhard, 2008)+= BEAST 271
of AAE 71E e AREsHEen, 10,000,000/ 247
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Table 3. List of Chironomidae taxa identified using the DNA barcode (NCBI) library in this research.
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Accession number

Subfamily Genus Species (NCBI)

1 Chironominae Chironomus Chironomus circumdatus (Kieffer, 1916) OP381679.1*

2 Chironomus flaviplumus (Tokunaga, 1940) KP902731.1

3 Chironomus nipponensis (Tokunaga, 1940) OP381719.1*

4 Chironomus ramosus (Chaudhuri et al., 1992) MN934236.1

5 Cryptochironomus Cryptochironomus sp. MZ656641.1

6 Demicryptochironomus Demicryptochironomus sp. JN265113.1

7 Dicrotendipes Dicrotendipes pelochloris (Kieffer, 1912) JF412112.1

8 Glyptotendipes Glyptotendipes tokunagai (Sasa, 1979) OP381673.1*

9 Lipiniella Lipiniella moderata (Kalugina, 1970) OP381707.1*
10 Microchironomus Microchironomus tener (Kieffer, 1918) KP902784.1
11 Microtendipes Microtendipes britteni (Edwards, 1929) LC329125.1
12 Paratendipes Paratendipes albimanus (Meigen, 1818) LC329162.1
13 Polypedilum Polypedilum cultellatum (Goetghebuer, 1931) LC495009.1
14 Polypedilum masudai (Tokunaga, 1938) JF412140.1
15 Polypedilum nubifer (Skuse, 1889) JF412147.1
16 Polypedilum yongsanense (Ree and Kim, 1981) JF412158.1
17 Stictochironomus Stictochironomus sinsauensis (Ree and Jeong, 2010) JF412163.1
18 Tanytarsus Tanytarsus formosanus (Kieffer, 1912) KU720133.1
19 Tanytarsus sp. KT613377.1
20 Cricotopus Cricotopus bimaculatus (Tokunaga, 1936) JN887060.1
21 Cricotopus sylvestris (Fabricius, 1794) LC495046.1
22 Cricotopus triannulatus (Macquart, 1826) OM974439.1
23 Tanypodinae Ablabesmyia Ablabesmyia monilis (Linnaeus, 1758) JN887045.1
24 Hayesomyia Hayesomyia tripunctata (Goetghebuer, 1992) LC329114.1
25 Procladius Procladius choreus (Meigen, 1804) OP381670.1*
26 Tanypus Tanypus punctipennis (Meigen, 1818) OM974447.1
27 Ceratopogonidae spp. KT278229.1
28 Leptoconopinae Leptoconops Leptoconops irritans OM672398.1
29  Forcipomyiinae Atrichopogon Atrichopogon sp. ON342482.1
20 Simuliinae Austrosimulium Austrosimulium ungulatum MF141975.1
31 Simuliinae Greniera Greniera ivanovae JF872734.1

*The accession number of chironomids larvae from Korea.
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==
Z+3t2 28317] Y3l FigTree v1.4.4. (Rambaut, 2018) T2

Hozl % 520 BAo| oj2l &
(Table 4). 20X €S = 2

t}(Zwtotd} (Chironominae) 215, AZwoli} (Ortho-
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Table 4. List of the chironomids larvae from the Hangang river in 2022.

Subfamily Genus Species Dominated stations
1 Chironominae Chironomus Chironomus sp. 1 -
2 Chironomus sp. 2 H3, H12
3 Chironomus sp. 3 H9
4 Chironomus sp. 4 H10
5 Cryptochironomus Cryptochironomus sp. 1 -
6 Demicryptochironomus Demicryptochironomus sp. 1 -
7 Dicrotendipes Dicrotendipes sp. 1 -
8 Dicrotendipes sp. 2 -
9 Glyptotendipes Glyptotendipes sp. 1 -
10 Lipiniella Lipiniella sp. 1 -
11 Microchironomus Microchironomus sp. 1 -
12 Microtendipes Microtendipes sp. 1. -
13 Paratendipes Paratendipes sp. 1 HI
14 Polypedilum Polypedilum sp. 1 HI1
15 Polypedilum sp. 2 H5, H19
16 Polypedilum sp. 3 -
17 Polypedilum sp. 4 H13, H20
18 Polypedilum sp. 5 -
19 Stictochironomus Stictochironomus sp. 1 H7, H8, H14-H17
20 Tanytarsus Tanytarsus sp. 1 H4
21 Tanytarsus sp. 2 H6
22 Orthocladiinae Corynoneura Corynoneura sp. 1 -
23 Cricotopus Cricotopus sp. 1 H1
24 Cricotopus sp. 2 -
25 Cricotopus sp. 3 -
26 Cricotopus sp. 4 HI18
27 Tanypodinae Ablabesmyia Ablabesmyia sp. 1 -
28 Ablabesmyia sp. 2 -
29 Hayesomyia Hayesomyia sp. 1 -
30 Procladius Procladius sp. 1 H20
31 Procladius sp. 2 -
32 Tanypus Tanypus sp. 1
=4 Z o4 AT Epler, 2001). ofThe £ #] o] 44, ARTolE $HOE BE
TR 950 Y BAS 0T BRIl FRel s she 2 sttt shevlae Au Fyel o 59
714, &4, ER7ATE, el 54 59 S8, 35 5 9 Sle olBE & FEA 0 nlg AstEo qlof oEe
, = 72 2E H e uet 2utR 15 FE 8 o 7'

2014).

3 Aol ANE 2UTR 93 1859 Fa Je
2 B2 Tables 5, 6] Helstech. Zus 439 £5
2 BEFGL O SAwTolks Unix] ofntSRc} £8
o Zo7h Av), £E 14O PRI ATt} 4
Zuppolibs FH7b 3 F2w, ol 2ol A, ZukT

o] "tk (Fig. 2A) (Antczak-Orlewska et al., 2021). 37|
o] ojur meFHE &5 U 6(L)-3(M)-6(L) 3%
(Chironomus, Microchironomus, Microtendipes), 6 (L) -
1 (M) - 6 (L) 445 (Cryptochironomus, Dicrotendipes, Glyp-
totendipes, Cricotopus), 6 (L) - 4 (M) - 6 (L) 425 (Lipiniella,
Paratendipes, Polypedilum, Stictochironomus), 5 (L)-1 (M) -
5 (L) 2% (Cryptochironomus, Tanytarsus), 7(L)- 1 (M)-7 (L)
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Table 5. Morphological characteristics of Chironominae, Orthocladiinae in Hangang river in 2022.

Mentum
Subfamily Genus L (Lateral teeth) Antenna Distribution features
M (Median teeth)
Chironominae Chironomus 6(L)-3(M)-6(L) 5 segmented 2 pairs of ventral tubules, lateral tubules
Cryptochironomus 6(L)-1(M)-6(L), 5segmented Median teeth pale
5L)-1M)-5(L)
Demicryptochironomus ~ 7(L)-1(M)-7(L) 5 segmented  Median teeth pale
Dicrotendipes 6(L)-1M)-6(L) 5 segmented  End of Ventromental plates with crenulated
Glyptotendipes 6(L)-1M)-6(L) 5 segmented 1 pair of ventral tubules
Lipiniella 6(L)-4M)-6(L) 5 segmented 1 pair of ventral tubules
Microchironomus 6(L)-3(M)-6(L) 5 segmented  Outer 3 lateral teeth fused form
Microtendipes 6(L)-3(M)-6(L) 6 segmented  Antenna with 1~2 lauterborn organ
Paratendipes 6(L)-4M)-6(L) 6 segmented  Antenna with 1~2 lauterborn organ, median teeth pale
Polypedilum 6(L)-4M)-6(L) 5segmented  Antenna with 1~2 lauterborn organ
Stictochironomus 6(L)-4M)-6(L) 6 segmented  Antenna with 1~2 lauterborn organ
Tanytarsus S5L)-1M)-5(L) 5 segmented  Antenna with long pedical of lauterborn organ
Orthocladiinae ~ Corynoneura 5(L)-3(M)-5(L), 4segmented Length of Antenna longer than head
5M)-2M)-5(L)
Cricotopus 6(L)-1M)-6(L) 5 segmented  Eyes horizontally ditributed

Table 6. Morphological characteristics of Tanypodinae larvae in Hangang river in 2022.

Subfamily Genus Ligula Paraligula Antenna Distribution features
Tanypodiane Ablabesmyia 5 teeth Bifid 4 segmented Head elongated, with 3 claws of dark brown
Hayesomyia 5 teeth Bifid 4 segmented Head elongated
Procladius 5 teeth Several teeth 4 segmented Paraligula with multiple teeth
Tanypus 5 teeth Several teeth 4 segmented Paraligula with long multiple teeth
(A) I.aterhal Median teeth (B) (C) Blade Lauterborn organ
teet A Ventromental ) /
plates N /
Paraligula A et M// Flagellum
akl / —

Ring organ

< Basal segment

Antenna

Ligula

Fig. 2. Morphological characteristics (A) Mentum, (B) Ligula, (C) Antenna.

145 (Demicryptochironomus), 5 (L) -3 (M)-5(L), 5 (L) -2 (M)
-5(L) 1% (Corynoneura) B¥0.2 JFE0| HH, Crypto-
chironomus®} Corynoneuraw 274X 29k9] sle7|d o]

o] EIE T}, Cryptochironomus, Demicrypyochironomus,
Paratendipes, Tanytarsus&-2 59 o|@o] ThE &50f H]
8 H=rt ofgt Ao2 WAERL 42 o ofet &
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— Tamytarsus sp. 2

L— KT613377.1_ Tanytarsus sp.

[~ Pobypedilion sp. 3
[ 12158 LR yongzanensic
[— Poiypedilum sp. 5

Polypediium sp. 3.1
L Poiypeditum sp. 5.1
[—— Poibpedilum sp. 4.1

U= Polypediium sp. 4
JF412140.1_P. masudar
Microtendipes sp.

LC320125.1_M britteni
Stictochironomus sp. 1
Stictochironomus sp. 1.1
JF412163.1_S. simsauensis

Poiypedilum sp. 1
LC495009.1_P cultellatom
Polypedinon sp. 1.1

= Polypedilum sp. 2.1

[ Podpediun 5p.2
TF412147.1_P. nubifer

0.9

0.86

041

— Tamytarsus sp. 1
KU720133.1_T. formosanus
— LC329162.1_P albimanus
r[ Chironomus sp.
0P381719.1 c nlppav‘m
Chironomus sp. 4
I_[ Chironomus sp. 4.1
KP90273.1_C. flaviplumus
I8 oo p.3
—— MN934236.1_C. ramosus
L— Chironomus sp. 2
MZ656641.1_C. rostranis
Demicryp sp.1

[ Toviaraz sp. 1.
— Paratendipes sp
Chironomus sp. 1.1
L or381679.1_C. circuomdarus
L Chironomus sp. 3.1
r cn .1
L n6si3LD fegeni
A

L Microchironomus 5p. 1
—— OP381673.1_G. tokunagai
L Gpyprotendipes sp. 1
[~ JF412112.1_D. peiochioris
L Dicrosendipes sp. 1
— Lipinieilasp. 1

— OP381707.1_L. moderata
—— Hayezomyia sp. 1

. ,—,—(:[’_

—— LC320114.1_H oripunctara
Prociadius sp. 1
OP381670.1_P. choreus
Procladius sp. 1

Tappus sp. 1

0.99

L OM§74447.1_T puncripennis
[ — Abiabesmyia'sp. 1
L JN887045.1_4. monilis

LC495046.1_C. syivesaris
|{ Cricotopus sp. 1

COricotopus sp. 2.1
Cricotopus sp. 2
—— OM974439.1_C. miammulatus
L— Cricotopus sp. 3.1
i Cricotopus sp. 4.1
Cricotopus sp. 4
L 7N887060._C. dimaculanus

KT278229.1_Ceratopogonidae sp.

ON342482.1 (m:hopogon ».
OM672398.1_L irvitans

r JF872734.1_Greniera fvamona

L MF141975, 1 4

Fig. 4. Bayesian inference cladogram of the Chironomidae from Hangang river based on mtCOI sequences. Numbers above branches repre-
sent posterior probability (Blue: Chironominae, Purple: Tanypodinae, Yellow: Orthocladiinae).

gl sZuFotate] £ ko EAste REA 2 sl
Ay} FAsHA oj®o g W B wEt 717 2
th(Fig. 2B). 9] oW meke 47 & Ablabesmyia,
Hayesomyia, Procladius, Tanypus©|A 5712 #ZE ]
o #Rs AR sl del ol glev, B, HAet
o] Adof| wet FE Ao 2ok ZupotnE 23
% e ofzjol ] We] mopol WulFoz Wl 7}
oo, Aupoltel $EE BRA AT A Byl
B2 ofng FHIL o Yol F2 F&AolT. B2
Folle Byslguo] EASK gon, Rade B
A ool Jfgof wet FF7]= Atk (Larocque-Tobler,
2014). 222 3 FE0] A3 Yoo, o) £, 2

- T T
©], Lauterborn organ® &3 {5 5°] 5AH7|E ol&

3 ok (Fig. 2C). $¥EE 5utt 104 (Chironomus,
Cryptochironomus, Demicryptochironomus, Dicrotendipes,
Glyptotendipes, Lipiniella, Microchironomus, Polypedilum,
Tanytarsus, Cricotopus), 69+t] 34 (Microtendipes, Paraten-
dipes, Stictochironomus), 4°tt] 52; (Corynoneura, Ablabe-
smyia, Hayesomyia, Procladius, Tanypus)2-2 3= 3],
Tanytarsus$} Corynoneuras &ZFo] FH 2] A Zo|Hch
A e™, Microtendipes, Paratendipes, Polypedilum, Sticto-
chironomus, Tanytarsus= ZZ} U]-E] o] Lauterborn organ®]
TR 32 225 #ASHS Wl Chironomus, Glyp-
totendipes, Lipiniella’= BRAT0] 14 o)Ak BgoH, 1=
28] BERATY SATo] TEEI Ao ol ¥
= £ ££9 5A7|th(Yoon and Chun, 1992; Cranston,



148 HEXHS -

2019; Kang et al., 2022b). ZE)7} o F-AFSE Ablabesmyia2}
Hayesomyia® % ZA)o| WE& A9 Wl Ablabe-
smyia=3719] Hi5o] A& ZAE wo] FRET

2022 FHolA Fe ERE F 559 58S A=T A
#7F A2 (Kang et al., 2022b) & AT} up7A 2 3
7N okt T2 Al FH O ot BE FEHE AN eH, U
WA F +2Y A= F= ske71EY FE7F AREESL
o} AR ske7] -] A9 WFo] Asha, o|e] R
= 357t 27 giol F 29 $400 AHES| ook
SRR, SAT F2A0) P U A B
EA40] ez, F& FEste 7|2 SRSt ud
Stich SR £zto 2 LB 29 Tanyrarsus kiseogi, T,
ahyoni= O AtollA SESHA] 710l F A AR
@ 4= Ylsich

ZuE 5239 she7|dE T2 & &3k 4R TE
T oE 2 7H 4 e, Hol, 8, AR W 5
w2} HEgo] A& 4= Stk Chironomus columbiensis®] S}
<7142 AAF, FY, A 7Y o $HY kEof o
gt ¥y, 39, nfi 50| Uojdrh(Montafio-Campaz et al.,
2019). ol= AF7F 2] 54, 4, TY T 9
gk A AAshs ZutR f5oll FEE Ho 7k T
sto] 2 58S 4o 4= Qlk

nEZEgol {AR EA4o AREE A= F 4170019,
BEAST =230 2 B3t A3 E 7|4 (posterior,
likelihood, priors, tree likelihood, tree height, Yule model,
birth rate 5)7F BHEE el 2002 ol A% BE 33
Fto] aatdolata & 4= 9lIgltt. Bayesian 2 £A| = A}
= 20224 124709 m|EZEg]o} §AA}; B4 Aik(Kang er
al., 20222)9} gt} ZZ4Ttote}t g wtolt = skt
o] £A & Foli Zutolniols thEA Fol= Aes 2
A7 Yo (Fig. 4), 24| QtollA ZzZvottet 2wt
TFoHtE =2 SEE FRHUT E3 FHIE o|8sto] &
TR T 2R 752 Bayesian 38 24 %= 2
ol A = PesHA F2 = ATh(Fig. 4).

ZutR 459 FHS 7IEeE F 59 4= 6t
£ AL obF] E40] wju|ste, gHAof] FH3]3L Q= A o]
o FAR G714 B ZFolE Holuh FEF zfo|7} m|ARt
L Cryptic species® FTEE =Y o|& NA3t7] Yaf o
£ EFolA ARgshe 71skeHe FE 4% 3 AlElE 9
ot (Durdevic et al., 2023). ot S wo] AMKS 2
%3} Centroid pointE 7|22 Landmarks EA|SH Th&
dobe delum FEslo] Al LRI AFOR £ F
Hops Agelolck. Agol A8 7 ool kel 3%
2 ofg} 4ol 22 SSTALE ojio = BelalA T2

¢

o

A F A= F=TL BojAe AL At v
FTh AL SO HFEVF ASO2 F& FHse Aol o
g Mz A= ot ob AL A 454S she A
of v} FEo] WolA= AL & & AUtk

FFE F 72 T4 A 2 AFelA 24T Pictorial
key &jofl £77] 24 A7 JAF Fofl $lev], DNA 97
A& AL 243t #4F AsARS 23 Aotk
EZ A AAE ARES A +2 B2 9 2AR] F
85H 282 Aol

¥ 2

Zr LR 82 (Chironomidae larvae)2 A AN 72 =
FEE A U e AE HUEH T8 ARY=E
ot} B Ao A 2022 7€A 9¥ ot 3o ook
g AN AASE Z2uTR 5= sk FEA &
3 2 AR AE 245 AT 2070 AFoA F 3
obn} 184 32F 9] ZwF 50l s en, vixzZu}
Tl &3sh= 171 ol 671 AN S-St Zat&7
52 BFohes b ol&sh= &5, 7 ke, £4 5
£ &5t EAS Pictorial key 2 A|AISIH L, 42 AlF
24 23 370 ofprt WEsH FRENLH, & oA
T FEo] "l olgdt 2nE2 AR §5 58N &
2o| & Zo|a, 4 A E B 7124 ARE &&
g Aoz 7|hEt
AR 1L e Sl datel 29, HlY
CRTheh Beerela T, T (ARl &
Asjoretat ek, f A% (AETShL S AITSh T4
uhap, B4 (A7 Ik ARt 1)

HMEIOIE AN a7: T4, e B & TES &
s, B Tl & S & T, ARAT: 2
& B9, ApEe]: IRl & v, L 2QERHY: v
9 2 IR & FES5, 9 WY 2 HE: Il
& FA%, AR FRAA, A a3 IRIA & F55
HE ARl =29 A FYstda, &9 T2 4
Eshu Sosgah

O[sHEHA| & =&oll= olsieA 359 A7} flsyrh
H3H| 2 Z2AEL =AY AL (NRF-2018-
R1A6A1A-03024314) ol AZEAFYTH 2 d7=
3R (MOE) A E A 24 AtAdd) s34kl
¥ (KEIRD 9] R Y dho} A7 554 TH2021003050001
and 2022003050006).
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