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ABSTRACT: Understanding the metapopulation structure and movement of a species are required for conserving the species. In this
paper, migration patterns and connectivity of patches of a threatened butterfly, Parnassius bremeri Bremer, were postulated using the
mark-release-recapture (MRR) technique in a habitat located in the mid-southern region of the Korean peninsula. A total of 194
individuals were captured (137 males and 57 females) and, of them, 93 individuals (73 males and 20 females) were recaptured during
the MRR experiment. The migration analysis showed 23-150% immigration and 28-53% emigration. There were high correlations
between the migrating individuals and the distance between patches, but there was no correlation between migrating individuals and
patch size or between migrating individuals and the number of host plants. Consequently, the migration of butterflies occurred
frequently between closer patches, while patch size and quantity of the food plant had minor effects on migration behavior. Additionally,
males migrated more frequently than females. Analysis of the migration patterns of P. bremeri showed that the central patch played an
important role on linking patch groups and more frequent migrations were monitored between nearby patches than between the remote
patches. This study suggested that active migrations take place between the neighboring multiple patches and these are accelerated if
there is a stepping-stone patch between them.
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Fig. 1. The life cycle of P. bremer.
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Fig. 2. Landscape of study area with patch environment for the
metapopulation study of P. bremeri in Uiseong, Gyeongbuk,
Korea.
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Table 1. Summary of patch size number of host plants and distance between patches in the study area for P. bremeri in Uiseong,

Gyeongbuk, Korea, in 2010

Patch size No. of Distance between patches (m)
Patch no. )
(m") hostplants 2 4 5 6 7

1 1120 835 78 233 359 554 410 254
2 839 394 155 281 467 332 280
3 608 339 126 321 177 147
4 1252 397 195 58 51
5 1353 245 177 145
6 1776 1082 90
7 918 906
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Table 2. The number of P. bremeri captured/recaptured and the mean wing wear condition during the study period in Uiseong,

Gyeongbuk, Korea in 2010

St Captured Recaptured Mean wing wear condition
Male (&) Female (2) J'+@ Male Female O+@ Male Female S+2
27. May 38 13 51 21 4 25 3.71 3.77 3.74
28. May 27 6 33 18 3 21 3.52 3.83 3.68
29. May 25 11 36 9 3 12 3.58 3.77 3.68
31. May 14 5 19 7 2 9 3.86 4.00 3.93
1. Jun 17 7 24 9 3 12 3.82 3.86 3.84
2. Jun 11 5 16 7 2 9 3.73 3.60 3.66
3. Jun 4 5 2 1 3 3.75 3.50 3.63
4. Jun 4 0 2 2 4.00 3.25 3.63
5. Jun 0 0 3.00 - 1.50
Total 137 57 194 73 20 93 3.66 3.70 3.47
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Fig. 3. Changes in the daily metapopulation size of P. bremeri
(with 95% confidence interval) in the study area with seven
patches in Uiseong, Gyeongbuk, Korea in 2010.
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Table 3. Immigration and emigration rates of 2. bremeriin a patch environment in Uiseong, Gyeongbuk, Korea in 2010

No. of No. of

No. of No. of

Patchno  Patch size (m2) hostplants individuals immigration % emigration %
1 1711 835 26 6 23 14 44
2 839 394 20 15 75 14 40
3 608 339 22 14 64 10 28
4 1252 397 22 25 140 21 45
5 1353 245 25 22 88 25 53
6 1776 1082 57 27 47 36 43
7 918 906 22 33 150 22 40

Emigration rate (%) = [No. of emigrated / (No. of individuals + No. of immigrated)] x 100.

H](recapture probability ratio)= 7] A|wL2] = 7|7} Tadh= A
A AlY) TR 248 Yol Ao Ui 9]
(Fig. 5).
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Fig. 7. Dispersal movements of male (A) and female (B) of P. bremeriamong hostplant patches in a mountainous habitat in Uiseong,

Gyeongbukin 2010.

Table 4. Patch network connectivity of 2. bremeriin Uiseong, Gyeongbuk, Korea

Connectivity

Patch no. Sum
1 2 3 4 5 6 7

1 - 14.72 6.05 2.23 4.07 13.95 8.09 49.13

2 16.71 - 7.81 2.88 5.42 18.01 7.43 58.28

3 10.05 8.88 - 4.79 8.75 29.94 11.49 73.93

4 6.65 5.88 3.92 - 13.23 45.28 15.39 90.34

5 3.50 3.19 2.07 12.77 - 29.94 11.56 63.07

6 5.62 4.97 332 20.48 2591 - 11.56 71.89

7 9.38 5.89 3.66 20.01 28.78 18.38 - 86.10
23-150%, O] & 8-228-53% 0 & UEPd L o] 82 vma 7 Ha}al Qs A0 & UERYTi(Fig. 7-A). 2] 3 HX Y| ES) A
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QITH(F=0.39, P=0.55; F=1.71, P=0.24). Z12]1} 0|3 7} x|2=9}
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Table 5. Estimated patch network connectivity calculated using the method of Hanski (1994)

Connective (S;)

Patch no. Sum
1 2 3 4 5 6 7
1 - 2.87 1.60 0.73 0.69 2.24 1.64 9.76
2 3.22 - 2.07 0.94 0.91 2.89 1.50 11.54
3 0 1.99 - 1.56 1.47 4.81 2.32 12.16
4 1.28 1.32 1.56 - 222 7.27 3.11 16.76
5 0 0.72 0.82 2.10 - 4.81 2.34 10.79
6 0 1.12 1.32 3.37 3.10 - 2.34 11.24
7 1.81 1.32 1.46 3.29 3.44 4.21 - 15.54

Al o) o] X|&5Elo} A3 2 A S 2H|H o] )

Y2 71 © & of|=F tH(Kindvall and Ahlen, 1992; Thomas and
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