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Abstract

Life cycles of Sweltsa illiesi and S. lepnevae were determined from a headwater stream in Mt.

Jumbong. Identification of nymphs was done by using DNA barcoding. Nymphs begin to have species specific
color pattern on their head several months prior to adult emergence and differ in the form of the third antennal
segment. Two species appear to have similar semivoltine life cycles in this stream, beginning to hatch from
June and finishing adult emergence about 701 days later. The combined annual mean biomass in ash free dry
mass (AFDM) was estimated as 96 mg AFDM m ™. The combined annual secondary production were 373 mg
and 297 mg AFDM m™ yr™', calculated by using size frequency method and increment summation method

respectively.
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= RO (Herbert et al., 2003), 7L FaA 0| JEE
A uk(q]: Elias er al., 2007), BejH g2 Lo o]z
< SANAY, B3] TS ¢ 5 e TS Ae o
AAZIE H 83 Aoz dHA U (Gill er al., 2014;
Jackson et al.,2014).
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HAEh= Aot o] AR oA AFH HeAte g
12p5Hd of] A A ste A= 5o 2 &lste] 1
9 Ages vola 2 & A5kt gt

Mz U 4t

13

ZAHAE FUE AT Aol A At HAE
& 52& L 1281 (38°03'N, 128°25'E)oltt. o] 314
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m A3 9] wpA9} 109 me= AR v g3t} 199749 5
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2 Perlidae®} Perlodidae (Plecoptera) 2F%, Rhyacophilidae
(Trichoptera) % & - 7} 2710 #AF ol 25 AAH
T, stRAo|o Zm, EX o] 5 S =Y 5o
o|7} & whet Jo] A2 A LF 159 HolQl Y
s 2k f71E @A BA 7)== oF 16°CY] 3
T stApolA Ao 2 £33 g7hR] B E A A
€ =2 SR 3~4dnitt ngE o 3R A5
80% EtOH, —20°Ce] E4= it

A2 shdz gt A AFHANA &
33t S (S. illiesi 470A), S. lepnevae 37WA, S. nikkoensis
37§A)I} 80% EtOH, —20°Co| 2@ Fo|d Fo] 2 oF
Z (EAFEE 1374, JEEshd 370D o2 & 7 ®
= F WA, Fo] &2 FF A oF 3mm, 2AFSHH o A
4WANE & AAZF 1.5 mL tube S04 &3] AxE F,
Protenase K ©]-8-3} insect lysis buffer (Ivanova et al., 2006)
50 pL7b F7FE| o] 55°Cof|lA] 24~36A1%F 5<F -3l = Tt
(Shelly et al., 2005). & DNA+X GF/F filter (Whatman®), 0.5
mL tube, =740] A AE 2mL tubed] XFOZE o]|F oA
home-made spin column (http://microbes.tistory.com/20)=
o] &3sto] FZEH T 0.5mL tube®] & EE 7FHRH 0.5
mm FALE LS g AT WAL, tube Sboll= A 47
mm filter®] 1/8& 228 Y2 oA Yot o]&9
232 Wang and Rossman (1994)9] Fig. 19| 4] Sephadex
G-10 beads7} A2l A3} Lot FhEALAHRHS (PCR)
2 20 uL reaction AccuPower” PCR Premix (Bioneer)& ©]
L3} 3, mtDNA COI9] barcoding X ¥ 2] G714 F=
517] 9J8f Aol Zatolm, LCO1490 (5'-GGT CAA CAA
ATC ATA AAG ATA TTG G-3")Z} HCO2198 (5'-TAA ACT
TCA GGG TGA CCA AAA AAT CA-3') (Folmer et al.,
1994), = LepF1 (5'-ATT CAA CCA ATC ATA AAG ATA
T-3)3 LepR1 (5-TAA ACT TCT GGA TGT CCA AAA
A-3") (Hebert et al., 2004), dgLCO1490 (5'-GGT CAA CAA
ATC ATA AAG AYA TYG G-3")3} dgHCO2198 (5'-TAA
ACT TCA GGG TGA CCA AAR AAY CA-3') (Meyer,
2003)°] AH&H At

PCR-Z 94°Col| A 17 13], 94°Col| A 583} 45°C 1.5&,
72°C 1.52% 53] WHE3F ok, 94°Coll Al 123 50°C 14,
72°C 18-& 353 WHE3}T, upx|g o2 72°Co) A 589
ZANA £ =tk (Shelly er al., 2005). ZE PCRAMHES
1% oF7} 2223} methylene blueE ©]8-3}4] band7} &<l
%32, Macrogen (A& 58 A 4104 & BFG —
3N E AgusE =t A714 92 Clustal Omega
(Sievers et al., 2011)2 A E3}1L, Mega6 (Tamura et al.,

2013)9] pairwise distance, between group mean distance 2
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ment summation¥] (Benke and Huryn, 2007)2.2 A=
ok ZF F4o] Agol digt As (3R A2BETF: mg
AFDM) 343t 3] A4 A% =exp(—5.99516)x (B2
°]) 2.97105’ (Chung, 2008)2 Fa| . Eo]A 2H o] 3|
NS P dol Swelisad] S8 AT (S, iliesish
S. lepnevae, S. nikkoensis)2] o] AHEE ATt
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Sweltsa 2F% 2] mtDNA COIZ 93t PCR-2 primer LepF1
7} LepR1 1} dgl.CO14901} dgHCO2198 Ao =2
AHE Hoh o] F primer oA e BE A=A of7f
227 oA band7t FAAERSH W A5 AHEEAH
LCO14901} HCO2198 o A= T2 A= (>603])9=
Estal AE 2719 & 14914 % band7t P4 = ot

PCR 4H2-2 3 W3Fo 2 7|8 ¢dlenz d7|M4E
o] gHRE URT} AQE o Ty THed A4 633~
64871 (& 7HA= 608 A 71)°l ATt Al F2 mtDNA COI &
7GR T3t HE ST A 47041} o5 10704
ol S.illiesi®] G714 € B+ SYHOI= 0.6% (0.0~1.9%),
3% 37NAIk ok TAAZ o] TR S. lepnevae®] B7)A
g FHd FUYHOl= 0.7% (0.0~3.1%)0| 4T}, S. lepnevae
oA B skl APE g AATE 55 o2 AN
A=} 2.6~3.1%9] AolE BH o YA 97A= A2
00~1.0%2] Zpol& H AT 52 oF5ol 2k 37041 S.
nikkoensis= B4t 1.3% (0.0~1.9%)2] SUHo|E R}
HbH F7F A7) E Ho ] Bk S. illiesi-S. lepnevae
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Fig. 1. The color pattern on the head of Sweltsa nymphs. (a) S. illiesi, (b) S. lepnevae, (c) S. nikkoensis. The 3" antennal segment of S. illiesi
is much longer than the second, and have irregular transverse pattern.

= 114%, S. illiesi-S. nikkoensis= 16.9%, S. lepnevae-S.
nikkoensiso| Xl= 16.3%°] %t}

DNA barcoding 23 A¥std s Bgrf2|stdol=
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A2V & ul, S. illiesi®} S. lepnevae= 15X & A%
S}l S. nikkoensis= o] €8 Y= PAFHS ASS)
© o= A7 ok, o] 2’k 322 1997~1998 2A}
7F AAA AEE B BH0E 3 Ao] oplER
Hoh Aot waS Qe 580 dEE dAE &

d77F B8t

Sweltsa ¥ & THAE ¢33 HE HAEH 159
&3+ 9] A%9] Y (Ham, 2008)7} UelUA| T, 1 o] A
o= olet M o ST FHE 21 I3t DNA
barcoding® & Fo| FIH oFFL Fof wat w7 F
o tj5ol9 EARS AR vt o] 9 1 FejoA 2 A}
ol& HFth(Fig. 1). S. illiesi®} S. lepnevae©l| 43t <33t
kol Mo ¢ T F dozt AZY YA ool
T2 uEEEY AN} FYskA T F2 g 27t 9l
=8 W= £33 Ao =7k (109)FE UERr] Al
ZJct. o] FY& S illiesio| A= o] FiL BAZ7L
21, Zo| FL2 nE2Eo|}th(Fig. 1a). S. lepnevae A
& A tha daHA L FHELR Fo| Y 47t
$oFo] Itk (Fig. 1b). A S. illiesi®] TEo] Al#u}t]
(Fig. 1a2] —3F)= 4 utt] Zo|<] 1.54] o] 4o & Z1,
oit] o] YrRxZ o] EFEFS 7IEUWE WHE7] Wi
o7 7he] ZFEHEF 230] e AAY Holn Auj&=
#EE o= 7% vt sy T Sle AA™ Hol|e
Ak, 2 S. lepnevael] A ©E°| uttE &4 oty
oF vt dojojw (< x 1.5) utr] WFof| 712 ==
o] Sle A7t o EEUT. S. nikkoensis®] °FFZ ©]
uhg-3HAl (frontal suture) 02 A & Abolo] =7
g oh2 o7k HE Aol RY7}E glon ojubgatA viE
FlZols ol M7t A gl A (Fig. 1o)o] &9 + F
I g5ith o]k o™ % "ol weEo FE7t gt

ol

3. ZAGHMO| SMZEal 7Y
3 2025714 FollA Fol A2 A= M FH7E (Y
ong Zo] Z2(EZo] 5mm oA MAES AL E 1

2] Byjot PEol SR AA vt Y B TEos
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Fig. 2. Combined seasonal growth pattern of Sweltsa illiesi and S. lepnevae in a headwater stream in Mt. Jumbong, November 1997~
October 1998. Width of histogram represents the proportion of sampled population in each size class. Cohort line 1 and 2 separate 3
year-classes of two Sweltsa species. Body length was measured as the distance between the anterior margin of the head and the tip
of abdomen. Head width is the distance between the largest distance between outer margins of two eyes.

T BAE A=Y Fo] & MMAEY €F = 22E o
o ¥ AASEA SRl formalinol 7R kol
HPAG(797] FollA 271 vials), ¥F+= formalin F=7}
Zwote] HAAQ 22 BRI H = ¥ Foy tEol
7F AL E W] BY7F AR Aol Wikt 1
A 54 7V 22370 F S. illiesiv= 13270A], U
A 917§ A= S. lepnevaeZ 1= Th Bo| 2 S. illiesi®}:
S. lepnevae®] k52 Ao wet g Lol AA|s=
Hl&o] tha zpole ey 4 FAlo] Edskl &
shA o] npAEl YLl 19989 4¥ol| & F F w7} 5
& = oloh oA Ashdol AAlste & Y S8 E

= 73kt A%, 93 AR 717 A2 2A tEA] o
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Sweltsa & F T FF2 Ao 2do] A+ semi-
voltine &S ZH= A (Fig. 2)2 2 UgHT FAE4

o E2) A (Cohort split line) 1-& 328} 22} k27
<, B4 28 2u8Aket 1WA FEHTES Yo 9
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US, EE SR FFoz 0918 £& YA,
FE ARE IE5°] 293 45dS s 4

o] 59 EZol+ 10 mm7HA], F&2 1.72 mm7HA] A%
Aok A2 F2 BHE 7S Alolo] A o|FoF e
o o] B2 ALz Fole FE HEO JAFo] A
o] Ak (Fig. 2). 1998 oll= A5 937} 497 AU
d Aoz A=A o= 5~690l ZA HFo] A=
AW 2004~2005d ] BSte] i 19 A= o]E AORE,
1998 9] =24 o] T2 sfof Hste 17HE WsE A
(Chung, 2005b)< ¥tgFst= AR Bt of ZHF A7)
oioh g FAEA-T &3 HAES FHole FEL
Hol7h & AL R Uehyltt o] @49 Yoz A
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oz AN 4% B ANE s A dHes £
%9 4R %Y FEL e 17~18mmol AT, £3
430 REL 1 3~14mm Y= LA gkt

1996~1998 o] E3}351 A ZAISAYRA D] WA 2
A 2R ok 7HYEHAE, F F 2R 68 2~F (11
A7)l B35 AlZbsto] 2d 9] 549 F(13Y) -3+
2 2R3 7014719 A8V E AU Aoz 2AHEHI
th. S. nikkoensis %2 74 EZ0|7} 4~5mm (PF &
Ak, 24 AW edaEhl AeR & uf S. nikkoensis®

2 F T4 v 2 2d 9 AEsks 2= Jer A
Z+E T,

5. 2} M

K4 o) FTRL P HAT 25} 0|59 %718
e F7do] BrhsHone Ang ALRI AN
o % Zo] Sz Fof 2HHYY. F £ 5% AW
AEZFLS 96 mg AFDM m™2, 5 ﬂ JAFE 2 size frequency
HoZE= oF 373mg AFDM m~ yr ~!, increment summation
HOZL 297mg AFDM m™ yr ' 02 2RIt} Sweltsa
oS BE Foe= EAYo|Y Chironomidae 52 47|
o E& AAZ Qs A0R ot Bo| A3 9487
SHeH, ME ATFAL AL 4 G oF ERD
o] Sweltsa &2 FQ Ho|7} opdr} A= Z AR}
NP FHFEEY Uutste 2PAE S (gross production
efficiency)& 0352t 7H4% o) (53188, 0.7; A4
£, 0.5) (Benke and Huryn, 2007), Sweltsa & £9] F&2
149 2A7|7F 59t &F 0.85~1.1 g AFDM m™ yr '] |
ol &g Aog F2E 5 gt o] T BU)of wat
A e 22 FY = AT, o]50] ATt ol
MAFE SAFSHE Swelrsa FF0] AA] g HolBES
aHETE e & 5 Uk F2017F 40~5.0 mmel H]
E A4 Chironomidae 170A]&] A|5-¢] 0.1066 mg AFDM
(Chung, 2008)S 73t 5 F9 Sweltsa 52 ©]™
=719] HolZ ujd <F 8000~ 100007F] m~ S Aa]fs}u}
£ A2o| Jerh 2548 HolApgolA $15] A
e o Ao Az

b | o

b | iy

LA o 2ot ANsHe SAFEY Swelrsa
illiesi®} S. lepnevae2] &30 FA =

barcodeE2 A E QL) o|59] =2
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7] 2 g ARH mlo] F 5ol FH7F yEhgen, o
ol A whr] o mepo] M= DT F F2 A Y
gt semivoltine TS 7k, AFtE &2 68 #3}
sko] oF 70149 AK7|I7HE Elle A= YEyth &
T THE d¥H BEFS JEYEZF(AFDM)LE 96
mg AFDM m72.2 ZHE it B3 22842 size
frequency o 2=
297mg AFDM m™2 yr !¢l Aoz

373 mg, increment summation'H & 2=

S ErCy

Al Al

& A7 20149 %= FAdist o

= AFRAGH 2 A+
39S (IAHNE-C1010758-01-01).
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