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Metapopulation Dynamics of the Oriental Long-tailed Swallow Sericinus
montela (Lepidoptera: Papilionidae) in Korea

Do Sung Kim and Yong Jung Kwon
School of Applied Biosciences, Kyungpook National University Daegu, Korea

ABSTRACT: The loss of natural habitats and their fragmentation caused by human activities pose a great threat
to biodiversity worldwide, reducing animal population to small, fragmented patches of natural habitat. In this
paper, a metapopulation dynamics of Sericinus montela koreanus, a species of butterfly, was studied for two
years by mark-release-recapture (MRR) techiques in the Musimcheon, Cheongju Korea. 2,749 individuals (males: 2,295,
females: 454) were marked and released, with 343 individuals (12.5%) recaptured during the MRR experiment.
Capture sex ratio and recapture sex ratios was both consistently male-biased. The Jolly-Seber model was used to
estimate daily metapopulation size, survival rates, addition rate, and accidental deaths. We urge conservation
biologists to consider the local population dynamics of species for the management of metapopulations in
fragmented landscapes. In the case of the S montela koreanus, continuing site protection is essential.
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Fig. 1. Landscapes of survey area on Mark-Release-Recapture study for Sericinus montela koreanus around Musimcheon,

Cheongju, Korea.
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Table 1. Summary of characteristics of semi-natural habitat for Sericinus montela koreanus in Musimcheon, Cheongju from

2007 to 2008

Patch no. Habitat Patch size (m%)
1 reeds and sedges, farmland, hedgerows, scrub 841
2 reeds and sedges, hedgerows, scrub 837
3 scrub, reeds 545
4 reeds and sedges 742
5 reeds and sedges, scrub 353
6 reeds and sedges 401
7 reeds and sedges, hedgerows 1048
8 reeds and sedges 1333
9 farmland, reeds and sedges, possible use of herbicides 98
10 sedges, scrub 507
11 reeds and sedges, farmland, possible use of herbicides 1589
12 reeds and sedges, farmland, possible use of herbicides 1539
Distances between each patch (m)
Patch no. 1 2 3 4 5 6 7 8 9 10 11 12
1 -
2 563 -
3 1029 522 -
4 1318 735 233 -
5 1704 1103 642 311 -
6 1905 1317 807 544 208 -
7 1397 825 259 121 351 564 -
8 912 357 247 439 782 1042 456 -
9 728 164 500 747 1140 1392 840 296 -
10 168 648 1148 1430 1772 2034 1450 930 750 -
11 10299 10862 11384 11617 11928 12136 10279 11029 11325 11781 - 241

Fig. 2. Marking the number with oil marker on discal cell ventrally of the hind wing of Sericinus montela koreanus.
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Table 2. The number of butterflies captured and recaptured on patches for Sericinus montela koveanus in Musimcheon,

Cheongju from 2007 to 2008

Patch no. Total New captured (M:F) Recaptured (M:F) Recapturing ratio (%)
1 421 332 (268:64) 89 (81:8) 211
2 282 262 (236:26) 20 (20:0) 7.1
3 83 64 (59:5) 19 (19:0) 22.9
4 300 258 (216:42) 42 (42:0) 14.0
5 238 197 (169:28) 41 (41:0) 17.2
6 82 79 (64:15) 3 (3:0) 3.7
7 160 138 (112:26) 22 (19:3) 13.8
8 197 165 (135:30) 32 (32:0) 16.2
9 32 29 (26:3) 3 (1:2) 9.4
10 230 195 (156:39) 35 (34:0) 15.2
11 384 312 (230:82) 56 (49:7) 14.6
12 340 292 (223:69) 48 (45:3) 14.1
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Fig. 3. Population density fluctuation in each generation per patch of butterflies captured for Sericinus montela koreanus in

Musimcheon, Cheongju from 2007 to 2008.
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Fig. 4. Changes in the daily metapopulation size (with 95% confidence interval) of Sericinus montela koreanus in

Musimcheon, Cheongju from Jun. 2007 to Apr. 2008.
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Fig. 5. Daily change in parameters for Sericinus montela koreanus in Musimcheon, Cheongju from 2007 to 2008.

Table 3. Simple logistic regression analysis of variance for Sericinus montela koreanus in Musimcheon, Cheongju from 2007
to 2008

Regression-simple Sample no R-square F Value Prov > F

MPS SP 61 .009 550 4612

AD 61 .003 .168 6834

. AR 57 340 28.367 0001 ***

Daily

Sp AD 638 .003 231 6326

AR 60 .028 1.697 1979

AD AR 60 .015 872 3542

) Sp AD 16 075 1.139 303

Polled daily of AR 16 016 225 642
each brood

AD AR 16 .014 2.459 139

MPS: Metapopulation size, SP: Survival probability, AD: Accidental deaths, AR: Addition rate

Table 4. Brood parameter estimates and their 95% confidence intervals for Sericinus montela koreanus in Musimcheon,
Cheongju from 2007 to 2008

Brood & (probability of survival) X (accidental deaths) B (addition rate)
. 0.73 0.32 4.03 1.72 22.16 -0.50
1.15 6.36 43.82
) 3.02 1.33 0.73 0.44 -541.30 -1034.60
436 1.17 -1575.90
3 2.74 0.88 0.49 0.14 -83.09 -173.37
4.62 0.84 7.19
4 -8.34 -20.31 0.53 -0.24 -76.57 -197.68
3.62 1.31 44.53
s 0.36 0.15 2.82 0.74 170.55 -14.44
0.58 4.87 355.56
6 0.86 0.04 1.55 0.51 51.50 6.17

1.69 2.59 96.84
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Table 5. Survival perieds per generation of butterflies captured in all patches for Sericinus montela koreanus in Musimcheon,

Cheongju from 2007 to 2008

Generation Days elapsed Total Average survival
2 3 4 3 6 7 8 number period (day)
. n 175 32 16 15 1 2 1 1 243 1.56
% 72.0 13.2 6.6 6.2 0.4 0.8 0.4 0.4
) n 836 79 25 17 7 964 1.21
% 87.6 8.2 2.6 1.8 0.7
3 n 438 25 8 3 1 475 1.11
% 922 5.3 1.7 0.6 02
4 n 225 18 2 1 3 249 1.16
% 91.6 72 0.8 04 0.6
5 n 465 37 15 7 3 1 1 529 1.21
Y 37.9 7.0 2.8 1.3 0.6 0.2 0.2
6 n 236 10 12 1 6 1 6 1 273 1.40
% 86.4 3.7 4.4 04 22 0.4 22 0.4
1R[] 403, 6] 1.55 &0 =3 44T 05302 7% o =

WOl 7R 4SS AEZIZM) 21 1, 5, 6Tl
T B B0 A5l ST 2~ 4ol e 29
P= BEoh

HE MEUp

TgEiiu|e] PEYU4(Table 5)= H 1.11-1.56Y
2 UETh AAITZE 71 28] AR Ao Vel
oo A7 7P BA Uebdh ol 453 183}
717k A o 7170 viste] B2 S 31 U=
AoE AR, dEH XY Jtr ZojSo] A
B Unle) &S B sk 89es gl e
A& Y S Sk 3 %) Hu) e, YR ek
ot A tiREY] AAHEB6%)E 2 olAhE AE}A|
HIIALL 5Y o] %] AHLEHEL 1%u|He 2 ehtn
Aot wEbA mejgs s 2halo] 2A4et HiXIE Yot
TE ANFRZE olFsiAY A2F & 7o) gitka
e

Al Al 2719 w2 EASE BE AT
AXAE 6-8¥ol| 2717} Hoi]l 241 9] A% 9647A S
o 038 AEdet A2 Y 548 X
F3Act whof 7137} 7F QA= T uvh A 493
64 o TAsl= AldlellMe AT A7 Zoy
o) 87} &S AR L] A7)9F BAYle] 1%
Hs7t A& o o AEshe A= vehyth

HAZ =8

AFAl dYolA U)o vebiAl #4443
AR it & AR Uegen, ol v ¢
BN e AE7IHEL 3R gk AR wugd: &
359 B AEIR AR MI=E &4 31 23
2 dePiAE 584 oAl sk 8Qles ARg3t Zloltt
A5 5o Wi fu|T} Preclossiana eunomia 79| Bt
HL 2 6U(Baguette ef al., 2003)0]|1, 0|t Eryanis
tagas®] BrEL TA 3.33Y, A 2369, HAHAE7
7He 7 104, ¢ 8U R Vel oni(Gutierrez et al.,
1999), Zeh a1} Parides anchises nephalionts 4%
8.2-14.1¢, ¢ 9-30Y(Freitas and Ramos, 2001)& YERt
Zel vjis) & o & AolA ojxl meETuty]
A3 BFYEYS 1297 JRBEATE 83U 2 F2

Az HE2!

v} e stetslr] fiside A7) 23
ATE Hag 5, 1 Feke] W7 2ARR WEPARE
2719 AEE FEsRs AL AV AT, AR
HFA] FAR ] HolAE M3l Ao, shdde|et
FH 53R 01 88F So= U £ o ZEFUH|
7AAEe e HEagoss Sl ThE HoliE



296 At mEgFue| e dEfAT S

o] ARl Aoz wET) AE S0 BENIF v
2l Lycaeides melissa samuelise FUF% 1s°] WAL
2440 290102 XBEYom(Grundea ef al., 1998),
= HLa Ao WA EEske U EERHUM
(Proclossiana eunomia)= 15 At = 2007 o]A+2]
A7} QIshort, BRI S R A AR
) o= A4R|e] Tzt Wsbh dofut 109 5ot 23.5%
9] MA7E Zasigict 1 A} AYA Ao =319
Ul Aoz e 4 g HNAZE 258 Hol
vieksl F2jAAAS Holi QtiFowles and Simth,
2006).

EARL A 7| MRt

TFFL] JAEe] Yol Todske 22l 9
SRl HA R difAl= o ZAIA AR 2AL
o|Ro|X|A] giskort ZAPIZY F o7 FFL HHo] B
itk 2 F AulR) FIANephila clavata), A
u)(Argipe amoena), JGA Y (Neoscona nautica)?] YW=}
E=Uth 53] 3FA Y= AAR AQofA megFu|
A3 7F Bol Z8eleln, i) ZABHOE U
2)(Orthetrum albistylum), TF2|vl(Promachus yesonicus),
Gt H(Tenodera aridifolia)7} o Bk T3 X
A2 257 Folle AM(Passer montanus) @t F-2H 2| 2
B:0|(Paradoxornis webbiana)7} -3 2.2 EE3l= A
o2 yeppton, 53] H2ug w0l 32 ) 100
A olol MRS olFHEA melBFL 43S
EYah Ao Ueleh. ol AL ulS 718 B
77 HREAE Ggko} LB 2350 8347 AR
Eol ¥2 A& AsHA vsd L Y Aok

1%

PS94 Aode) HETREIE BANT, A
& 37]9] W3} (McLaughlin ef al.,, 2002)E do7|= S
A7 evsie] e gl Buss RuET 9o
(Parmesan, 2003). 54| EAHAE wjal BEs}T Y
T 9] AR A9 At EAIE) e}
B 1L FAROR 5 430 AE/I7E TEA
e aoz Agsi Aow wlrh

2
mejgFLEe] Se) BEE Selo] F5, ok, g

9} QRo] REATHKim, 2002). HFA] FAARS wet
BEea g mPRUEe HARE B0 B3
e 7ha 240 e, @A) =4 AN ofe T
olAlg ZEo] ZAISIL glort tule] WAE 7HEAo
2 YERIE ek 2o Aok Zo] B4zt lgstel
we mRe) mamE] AL i BAZHEX) g
B2 ANSA AN FAEHE AT et
A R0 Sgo] AR Stk Ule) A&
e Aafels 2o 90 7719 AT S
uAK) el oV m2e) A ofd WA Solus
37 A7) Yol Uiz BAS ek Aalxe ke
o hegt 2A\AA e s2ge] ARe Fo, e
E2jdon} RTA, $5717 Mx 5 A "at
oIk 3t SRS b 2452 oESsEbALE Sfutel
malzLle) HolEg 3 ARsE A=e HAIA]
ZAE 7153 Aoz B

Literatures Cited

Baguette, M.G., M.S. Petit, and N. Schtickzelle. 2003. Effect
of habitat fragmentation on dispersal in the butterfly Priclissiana
eunomia. Compptes Rendus Biologies. 326: 200-209.

Caughley, G. 1994. Directions in conservation biology. J. Anim.
Ecol. 63: 215-244.

Chris, A M., van Swaay and M.S. Warren. 2006. Prime butterfly
areas of Europe: an initial selection of priority sites for
conservation. Journal of Insect Conservation. 10: 5-11.

Cormack, R.M. 1968. Estimates of survival from the sighting
of marked animals. Biometrika. 51: 429-438.

Ehrlich P.R. and P.H. Raven. 1964. Butterflies and plants: A
study in coevolution. Evolution. 18: 586-608.

Erhardt, A. and J.A. Thomas. 1991 Lepidoptera as indicators
of changes in the semi-natural grasslands of lowland and
upland Burope. In: Collins, N.M. and J. A. Thomas (eds). The
Conservation of Insects and their Habitats. Academic Press.
London. pp. 213-237.

Fahrig, L. 2003. Effects of habitat fragmentation on biodiversity.
Annual Reviews of Ecology and Systematics. 34: 487-515.

Fahrig, L. and G. Merriam. 1994. Conservation of fragmented
population. Cons. Biol. 8: 50-59.

Fischer, K., B. Beinlich and H. Plachter. 1999. Population
structure, mobility and habitat preferences of the violet copper
Lycaena helle (Lepidiptera: Lycaeindac) in Western Germany:
implication for conservation.

Fowles, A.P. and R.G. Simth. 2006. Mapping the gabitat quality
of patch networks for the march fritillary Euphydryas aurinia
(Rottemburg, 1775) (Lepidiptera, Nymphalidae) in Wales.
Journal of Insect Conservation. 10: 161-177.

Fred, M.S. and J.E. Brommer 2003. Influence of habitat quality



=4 -

and patch size on occupancy and persistence in two population
of the Apollo butterfly (Parnassius apollo). Journal of insect
Conservation. 7: 85-98.

Freitas, A.V.L. and R.R. Ramos. 2001. Population biology of
Parides anchises nephalion(Papilionidae) in a coastal site in
Southeast Brazal. Braz. J. Biol. 61: 623-630.

Grundea, R., N.B. Pavlovic and C.L. Sulzman. 1998. Habit use
by the endangered Karner blue butterfly in oak woodlands:
the influence of colnony cover. Biological Conservation. 85:
47-53.

Gutierrez, D., C.D. Thomas and J. Leon-Cortes. 1999. Dispersal,
distribution, patch network and metapopulation dynamics of
the dingy skipper butterfly(Erynnis tages). Oecologia. 121:
506-517.

Hanski, 1. 1999. Metapopulation ecology. Oxford University
Press. New York.

Hanski, 1. and M. E. Gilpin. 1997. Case studies. Pages 353-357.
in Hanski, I. and M.E. Gilpin. editors. Metapopulation biology:
ecology, Genetics, and evolution. Academic Press. San Diego,
California.

Hanski, 1. and E. Meyke. 2005. Large-scale dynamics of the
Glanville fritillary butterfly: landscape structure, population
processes, and weather. Ann. Zoll. Fennici. 42: 379-395.

Hanski, 1, A. Moilanen and M. Gylienberg 1996 Minimum
viable metapopulation size. American Naturalist. 147: 527-541.

Hunter, M.L. 2001. Fundamentals of conservation Biology.
Blackwell Science, Inc. Cambridag, MA.

Jolly, G.M. 1965. Explicit estimates from capture-recapture data
with both death and immigration-stochastic model. Biometrika.
52: 225-247.

Kim, Y.S. 2002. Hlustrated book of Korean butterflies in color.
Kyohaksa.

84 297

McLaughlin, J.F., J.J. Hellmann, C.L. Boggs and P.R. Ehrlich.
2002. The route to extinction: population dynamics of a
threatened butterfly. Oecologia. 132: 538-548.

Meffe, G.K. and C.R. Carrol. 1997. Principles of conservation
biclogy. Sinauer Assiciartes, Ins., Sundrerland Massachusetts.

New, T.R. 1997. Butterfly conservation. Oxford University
Press.

Parmesan, C. 2003, Butterflies as bioindicators for climate
change effects. pp. 541-559. In eds. Boggs, S. L., Watt W.
B. and Ehrlich P. R. Butterflies: Ecology and evolution taking
flight. The University of Chicago.

Parmesan, C., N. Ryrholm, C. Stefanescu, J.K. Hill, C.D.
Thomas, H. Descimon, B. Huntley, L. Kaila, J. Kullberg, T.
Tammaur, W.J. Tennent, J.A. Thomas and M. warren. 1999,
Poleward shifts in geographical ranges of butterfly species
associated with regional warming. Nature. 399: 579-583.

Sawchik, J., M. Dufrene and P. Lebrun. 2003. Estimation of
habitat quality based on plant community, and eddects of
isolation in a network of butterfly habitat patches. Acta
Oecologica 24: 25-33

Simone K.H. and E. Strand. 2006. Adaptive patch searching
strategies in fragmented landscapes. Evolutionary Ecology.
20: 113-130.

Taylor, P.D., FX. Henein and G. Merriam. 1993. Connectivity
is a vital element of landscape structure. Oikos. 68: 571-573.

Van Swaay, C.AM. and M.S. Warren. 1999. Rad data book
of European butterflies. Council of Europe publishing, Nature
and Environment. No. 99. Strasbourg.

Wilcox, B.A. and D.D. Murphy. 1985, Conservation strategy:
the effects of fragmentation on extinction. Am. Nat. 125:
897-887.



