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Mark and recapture census of Shijimiaeoides divinus barine (Leech) (Lepidoptera : Lycaenidae) adults in Azumino,
Nagano Prefecture. Keiko Koda and Hiroshi Nakamura. Education and Research Center of Alpine Field Science,
Faculty of Agriculture, Shinshu University, 8304 Minamiminowa, Nagano 399-4598, Japan.

Abstract

The number of Shijimiaeoides divinus barine adults and their migration behavior were inveéstigated. by a mark—and—

recapture method in the preservation area of Azumino. Pupae (n=400 each titne) of this butterfly had been reieased , o
in this area in 2008 and 2009. Sampling for marking was carried out 10 times during May and June in 2008 and 7 .

times in 2009. Male and female butterflies appeared in late May and early in June, respectively. Inm: 2@@ 3
butterflies were marked and 57 (27.0%) recaptured. In 2009, 137 butterflies were marked: and '24‘(
recaptured. There were no significant differences in the percentages of those recapture by sex. or yea
percentage of marked butterflies among those captured was 44% in 2008 and 50% in 2009. I‘emales mar
early stage of their development were recaptured more frequently than those in-a late stage. The maxn’n

from first capture to last recapture was 17 days in 2008 and 15 in 2009. Butterflies recaptured o‘u‘cs1de the

preservation area were 1 female in 2003 and 2 females in 2009. One of these was observed sucking mectar and 1ay1ng B
eggs in an area 560m away from the release point. Therefore, it is suggested that Sophora flavescens be planted at 500-
600m intervals to recover the population of S. divinus barine. Estimated total number of butterflies in ythe preservation
area was 110.0~273.6 in 2008 and 95.3~289.3 in 2009. The total number of butterflies estimated to have emerged in
the population was 284 in 2008 and 184 in 2009. These values were underestimated because the number of adults

that emerged before the mark-and-recapture census could not be estimated.

Keywords : Shijimiaeoides divinus barine adult, Azumino, Mark and recapture, Jolly-Seber method, Estimates of
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L7z, Jolly-Seber W& VHERE L /2R EXPIOEEBOFHIE 2008 £ T 1100~2736 1, 2009 4T 953~289.3
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BU7zES: PULR L DB L3 b8 (352 ) X d 4%, =3V FMEDRICPL L BEEENETE
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F AN TV I Shijimiaeoides divinus (Fixsen) I3,
B E Y25 3B (Lepidoptera : Lycaenidae) (2
BYAMBESI~4m OFavThHbH. WTHELL,
BmiZs BTa»5 6 BICHBETAE 1O TH
H., JHEBLZEREROT AR DI 55 Sophora
flavescens Aiton NDEELEOAXBFBRTLIHAENTH 5.
PO TEHRB SRR R % rhl & 3 5 PEEIC RN E
TE S. divinus barine (Leech) 2YL < HEBLTWwWA2Y (&
H&, 1984), BETEEFEOREET & HETH O H
THEEIHERINTWBIZTELR Y (HT S, 1999 ; H
T -, 2007). —7, AUMORESEEREEILICL
MUEFE S. divinus asonis (Matsumura) 294 LTw5
P, BEBEREIRSLTETWE (FHES, 1998).
FANY Y IFREE (20000 DLy FF—=FT v
TIkAMEEIR THIC, RYFE BREENZRT (2004) 2
IAVy RF—4 7y 7 TIEHMEAEERT BHEIZ, RERE
(2009) W &ALy F¥F—% 7y 7 TEMEMAIERTEIC
BEIhTWA,

FERF T 1990 FEIZIIMHBE L EEZ SR TW
B, bEPICEER S TV A EREEEIERE I,
1994 BB HELZFLELT [F4 M) TV IR
] (DTRESR Ry h, 28T 7
FLUNOREYOBE, REETEHTL D0 O —
W EOREERETo TWa. FORCEEREHET
Be LT, BARGHOEEY HIFL CALHT L-E
%, HETNVTADHOTAORRBMA (REFEREET)
WAV Y IoRERE LTHEZESNTY S 100
mx20 m OXE (UTFREX) TGS THhT
wh,o LarL, 1999 FLUSE, WERLTWAIZL 2R
HboFFANY vV IREEF LT (&, 2007).
RIEZFOERE LT, FEOWHRENfThbhi{ k) A
T A Y IINF Trichogramma chilonis Ishii 12 & % 504
HEOBBRREL o722 LS 2 o 72 CEHRD,
2009 ; YLH &, 2009 ; VLH - 4, 2010).

TR ALY PV IMEELRIBESES2 9 AT,
EWTEFE (FHS, 2009) RPEMHEEE - BREFESI
(A 5, 2008 ; Koda & Nakamura, 2010) 7 & 027
WRICMA T, BETHH7 5 TO0HFREHP T &
DEETHL., #0700 LZE» ST L /2R
BT AR - SROMAPLETHS. LirL, I
WYY YT LTERRERS (1982) HHEEH %,

F7-TER (2005) S —F UL AREEHRE LT
BITTER W,

FETHRESFETIWHE R L REX TR E OB EH
EET->CTELA, 500 @A &/ 2006 FClda R
A% 20 B4R, 350 WEASH S iz 2007 £ T 21 R LB
B RAEE, £HEK), FoBHOIERS
e Lo Eic e & o T AEERCHMAARHTD
o7z,

FOROABETII@EER LRI EEF TS
FTANY Y VIORBPRRE - THOERLETHS
T A, BEFORERIIBWTIRHOY—F ¥
FRETERL-DOTH A, B, AR, EFE
FHOFEBRRELGNC L AA A V) VY I FHEEE
FHELLTRESN (20 BRE 86 5), FoBWMHALHE
B 12 LIZHETCHY (TRARE 17 5) 2% TE
HBL-2bDTHA,

M E T

1. 3% .

BREOT—F Vv FH#HEETo RER—FITILEICH
AEMESEOWHET, o TRAHE LTHBENRT
WAt BIE, SMEEfTbhCnivy., YHRORETH
575 FIZTERBMNC 246 Kk, TFoOT CEMANS
HHABE RN ER SN0 EFRETL—FHFITd
LTV, REXZEOHOAONREANITARE
HEZIT L o TEBMICENIITLN, VYT V3
B DOFEAEREENZIE S 0y X 7% Trifolium repens 72 &
DWERY L 25w E ) REEF L2 INTWAS.

kD~ —F > 271 2008, 2009 FEICERL, MAT
BEROBE - SECRREPEL T B0, 75 IH%
PRI TS, BEHOAOARMER & T #HIX,
KXz T~ — 7 lEDORELIT 72, Fig. 1 IZH
FHROWEEZR LA, 4NV 2V IBEDDIZ
PEMEPBETELIRETSIER L. BRERH,S TH
XOMIZAKEDEDY, 72550 ETT o hnE
BThi, KMXILZEH TH—BREEENE > T
LHETHAH. ZOREFIRER TO~—F VLR,
FEATo 72, 72 2010 4 BICREBTFICOML T 5D
75 S EEDHEE GPS (GPSMAP60CSx, GARMIN)
THZE L, Google earth (ver5.1.3534.0411) % ffio CHE
EAER YO it =N B AR
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Alps Azumino
National Government Park

R 3

Fig. 1 Map of Hogoku, Alps Azumino National
Government Park, I area and K area at Azumino City.

Fig. 2 Marked adults of Shijimiaeoides divinus barine in Azumino, Nagano.

A : Mark number 155, female (June 8, 2008)

B : Mark number 55, female on egg-laying (May 27, 2009)
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PREEXITIE 1999 FELIRE, 45 HICRESRRICLY
ANIHEZ LW EhTwb, 2008 4E1x5 A 11 H
12, 2009 i35 H 6 HICZENZEN 400 BAEDEATH X
n, RFRTREZI2OFL LR 2 v —F v 75
& L7z, RAGESERELL Hv, 2008 FITIZBR
AHBTA5H 27 H~6 A 20 HICIZIZ 3 HHBTE
10 [, 2009 4F£ix 5 H 23 H~6 A 23 HIZI3T5 AMME
TEH 7 BT 7.

BHUEE A ICIZW - K VR LIHEL R T V20, §
FRFRIPIATo 72, Re—2KIZOVWTIE, Ry b
THEL, BOBMOAECHEMREZEEL %, HBE
e~ —%— (ZEBRA ik~ v & —l) T4
FE WAL (Fig. 2). 20, WHELLEHTIK
BL7z, FANV) Y VIBRBEI ~4m &/NET,
SHIU EDOFEF ZBIEATAORRETH L7220, 1
~99 FIZBAOMMES—H —FH, 100 FElIHKaE,
200 FRWIFRLL, ThEN0~99 OFFETLAL
7o, w—r7MKIZoVwTIE, BRRLLOEGESTL~—
H—DfERG L.
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3. TEAE L AR DHEse i

EHREHERECHEONLT—% %3 LT, Jolly-
Seber EIC & ) FREH OMEBEE, ~— 27 HkEK, BF
R EOBEEEENT A=y Z#HE LS (Jolly, 1965 ;
Seber, 1965). Jolly-Seber #:CHRH S LA IMAK B; I,
i 5 it 1 OMITIA L7k i+ 1 TEFLTWS
BrH#EETHDOT, ZOHBEMNITIA LEAEEDIE
ERHEMETIE RV, Z0720, &) IEMRINAEZEK
D EZDIUTORTEHN SNLMIEMAL B 2w
7z (Iwao, 1971).
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INEIYVMERBZT LD B # AT IFAES Mo
BREOBIMARE A, FFNV) VY I FRAMREXLL
APEMALTL B Lidhvizo, DWTORTRTE
MAEL Br X, ARATRARERICH L2 5 MEN
B L B OMEEE L AL T EATE S,

Br=3%B (i=23----T-2)
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1. < — 7 A5 & Bl

T—F V SRERICHES N F V) VY I B
Gk~ — 7 ke~ - fikoash O Fig. 3 12
RLU7z. 2008 SEOF A OTHEMEEEIIRELBIBL
5H 27 A®RbLEL, FORBZEA L. —F, A2
258 30 HIZRBIZCHIAL, 20B—ERL T
OO, 68 11 BIZBUHEMLL. HEshafv—
JRED S HHLHDHWBE L83, #2158 30 H
(52%), A A6 A5 H (49%) &7h, AAEFFRE
Db 6 HERo 2009 FEDF AR BT 2008 F &
FRUCHRERBEDS B 23 BRI EL, FOBILH
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(56%) &b, 2008 FEFEICAZAEFALID D5
ENTHIAL .

50 r

2
© 40 g
o 5
oo &
£ i
a
S 20§ 5
o 3
fos 2
> =3
] 2%
o 10 r@
] B 5
18 3 o
o o s
— R E: L
e o LBV BYA . B i
S & 8 § 2 g 5 g2 g
= N N © © © N ~ ~N
Z n I} o “© «w

Fig. 3

Table 1 CARETY -7 LAFF V)YV IRED
BEEE, REXNCHHESL-BEHEERL .
2008 i3 211 BiEE~—2 L, T0H)bF AL 96 A
&, A 23 115 BRTH o 72, B S EEE 57
Bk (27.0%) T, BRI L R 260%, AR 27.8%
Thorz. 2009 Fi3 137 ke ~<—2 L, €05 HF
203 59 Ak, * 23 78 R THo7. BiEEINL
ERIE 24 B (175%) T, BEERIL X 11.9%,
AX 218%THo7z.

F4E & DICHIHERIZAZADIE)NE D725, AE
BETIE B o7 (20084 P = 0893, 20094 : P =
0.198). ¥ 7:2009%F OB IF20084F L D KW ETH
o7, ERESUDTHELREIRD SN o7z (F
A TP =0056, A :P=0438, A% P=0055).

2. -7 EB%EOHE
WEBRRDO) b~x— 2 BEO LD LHEOHE %
Fig. 4 1Z/R L7z, 2008 ED A AD<— 7 WAL, A
EREH >S4 CmML, 68 13 BT 4%IE L7
#®, BA Lz —F, #2136 H 13 HETiF 20~43%
THolH, FRURIEY » IVEDL hd ol 7-DIC
EEHFKEL o7z, 2009 £ TldF 2D~ — 27 fHEK
X6 R 6 HIC 4% A&y, 68 11 HUMIZ 0%
Elaole. XATIRFEAITHEML 6B 16 HO 50%0%
Re&zoie.
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Table2 IZ~v— 27 sh7zHANC Y — 7 lEEE Fn b
DEEHYZ OB MBS N EEEE R L. A AT
2008, 2009 & DI, 5 AENL 6 AWOORAMM
v — 7 SNEFREBERESIIEEGIE L, BER
BTEERERNRL L, =— 27 LTb T o/ B
ENBL ol —7F, FRAIWEL D BHEEOLES)
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Number of captured butterflies (total of marked and unmarked ones) at sampling date.

B unmarked male, B: marked male, : unmarked female, [J: marked female
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Table1 Number of marked and recaptured butterflies in the preservation area

Marked Recaptured
Year Sex
Number % Number % of recapture
Male 96 455 25 26.0
2008 Female 115 54.5 32 278
Total 211 100 57 270
Male 59 431 7 11.9
2009 Female 78 56.9 17 21.8
Total 137 100 24 175
100% -
100% = o 2009
o 2008 n :
2 gox 80% 1
& I ;
9 ;
L. ' 60% -
g 60% |
3 40%
X 40% | ,
g ,
. 20% :
‘*6 20% , {
0% 0% {F 42k .
r~ < o~ [Tl © — o © > o @ by Ry L = e g ;
S 8 5 5 5§ 3 g g g 8 5 5 ¢ ®°§5 5 5
Fig. 4 Percentage of marked butterflies at sampling date.
-+[J-+: male, —@®@—: female
Table 2 Percentage of recapture butterflies and duration (day) from first capture to last recaptere
Male Female
Y Dat ) Maximum Mean days till , Maximum Mean days till
ear A€ Number Number % of days till  recapture= Number  Number % of daystill  recapture
marked recapture recapture recapture SD. marked  recapture recapture recapture SD.
o 5/27 41 12 29.3 17 1.66 £ 3.50 12 6 50.0 12 35x476
5/30 16 6 375 17 219+436 24 9 375 14 249+409
6/2 20 2 10.0 11 085+274 17 6 35.3 17 382596
6/5 3 0 0.0 0 0x0 10 3 30.0 11 220402
2008 6/8 8 4 50.0 12 3.75+526 10 3 30.0 8 190335
6/11 4 0 0.0 0 0£0 16 3 188 5 075+ 1.73
6/13 4 0 0.0 0 0x0 10 1 100 3 0.30£0.95
6/16 0 - - - - 13 0 0.0 0 0x0
6/19 0 - - - - 3 0 0.0 0 0£0
5/23 24 3 125 14 092+301 12 3 25.0 9 1.83+354
5/27 10 0 0.0 0 0x0 15 4 26.7 15 200+414
6/1 13 3 231 5 115219 20 5 25.0 15 2.00%+4.10
2009 6/6 6 0 0.0 0 0+0 21 5 238 10 214405
6/11 4 0 0.0 0 0x0 4 0 0.0 0 0x0
6/16 2 0 0.0 0 0x0 5 0 0.0 0 00
6/23 0 - - - 1 0 0.0 [4] 0x0
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BWREDPoTH, AALFULSBERP TR FHE
ENpdrot.

RIZT =7 SNTHOEHMARICHERES LD
B, v—27 3NHITROT Table2 IR L7:. &2
T =7 SN RBI—ESFRES L2 Do EED
AWM 0H, SEERHORIEZORMET TOH
BMELTRBELA. Z20E, 2008 FDOX AT,
E = — 27 ShEEOBREE TOTYHEI R
{, BREBMTRIE ko, Thv—28hThbR
BRICEREIND O RS Ero/2DiE, 2008
ETEF R, AL BT 17 H, 2009 F£TiEFF AN 14

H, AZXW 15 HTHo7-.

4. REXYSMNCHERES N~ 7 ik
RERPSNTHBR SN — 2 EED 7 — % % Table
3R L7z, 2008 4F1C 1 EIMK, 2009 £EIC 2 ERLRRE
RATHBEI R THEY, 3EKEDAZTHo 7.
2008 £ 6 A 8 Hizv— 2 S EHEE S Nolss i3,
67 13 HIZI#HRXDZSS5SDEETHESH, v—F
VL6 EBRLT W, 200045 A 23 Blow—7
ENEEES No26 &, 6 A7 HIZIHIXRTHE -
ERLTHhL0PMRINS. <—F 7 2fFo7200

Table 3 Marked butterflies recaptured outside the preservation area

Year 2008 2009
Mark Mumber No.158 —)ﬂ*N—O.EG No.37 -
Sex Female Female Female
Date of marking 6/8 5/23 5/27
Date of recapture 6/13 6/7 5/28
Pleace of recapture Areal Area l Adjacent area
Distance from release point 560m 560m 50m

Table 4 Estimation of population parameters for Shinjimiaeoides divinus barine adults by Jolly-Seber method

Year Sggg?gg ni mi Mi Ni =y V(Ni) ei £+ V(gi) Bi = V(Bi) Bi’
5/27(1) 53 0 . . 0.629 + 0.158 - .
5/30(2) 51 11 333 1544 + 515 0.859 * 0.290 109.6 = 71.1 1182
6/2(3) 50 13 630 2423 + 926 0.592 + 0.266 440 * 722 57.2
2008 6/5(4) 19 6 59.2 1875 % 96.3 0947 + 0511 96.0 * 1167 986
6/8(5) 24 6 68.4 2736 + 149.0 0424 = 0191 61 %488 94
6/11(6) 30 10 367 110 % 406 1.076 *+ 0.620 202 + 418 195
6/13(7) 25 11 610 1386 = 805
6/16(8) 21 8
5/23(1) 36 0 - . 0.861 * 0509 - -
5/27(2) 28 3 310 289.3 = 2275 0.262 + 0.136 196 + 547 382
2009 6/1(3) 39 6 147 95.3 + 474 0608 = 0.307 689 % 53.2 88.3
6/6(4) 35 8 29.0 1269 + 70.6 0.545 = 0.396 427 + 650 57.9
6/11(5) 11 3 305 1118 % 925
6/16(6) 12 5 ; .

ni - Number of captured butterflies in the ith sample
mi . Number of marked butterflies in the ith sample

Mi : Estimate of number of marked butterflies in the population at time i

Ni : Estimate of total number of butterflies in the population at time i

@i . Estimate of probability that a butterfly survive in the interval between ith and i +1th sample
Bi © Estimate of number of new butterflies joining the population in the interval between the ith and i + 1th sample

Bi'=Bi/J§i

VV(RNi) 4/ V(@i) and y V(Bi), : Standard deviation of Ni, ¢i and Bi, respectively
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5 16 HEBLTWA, 58 27 Hioy— 27 Sh7-fKk
HFE No37 BARDRICHRBER 2 50 m HEN-ZExH
DEDLTEIEL T 200 R I,

5. HEEMAR L HEEMAR

Jolly-Seber #:IZ & » THE Lz BB E o
HEINT A~ 5 DE% Table 4 (2R L7-. BB AAEKD
HeEfE (N) 2ABE, 2008 4Ei1x6 A 2H (2423 18
f£) L6 A 8H (2736 MF) %<, 68 11 ALK
WA LTwA, 2000 £135 A 27 B oHEEMEAT 2893
HEEREDE L, DRI R ko7, Thv—sRE
i, 2008 £ Tl 33~68 fE{E, 2009 E£TiE 15~31 1@
HEHEE SN,

Table 4 12t Jolly-Seber BIZ X A MA#FOHEME
(B) b LIt LMIEMAR (B ) &RL%-
INEY B REFTLTHEIMLEE KDL L 2008 F
T 284 f81K, 2009 FCid 184 Ik TH o 7=,

£ =

1. WEBEMAROH:EEO R Y

FR S (2008) EATHBICBTAFI VYT VIO
TMEERADT 88% & WiE LT b, 2008 £ & 2009 i3 &
SIZHREX AT 400 DFHENTVAEDT, ZDP
EEPOWEL D 352 HEEOKRSREXATIEL
TmEHEMSINDE, EIAPRKY—F U ITREDT— 70
5 Iwao (1971) OHIEMAZ (Tabled) # o TK
W7 HEEPEIE, 2008 £ T 284 M, 2009 SETIE
184 IR TH o7, ZHETMLE L D EH L7 352 ik
IV L&, B2 2009 ETIEY 1/2 DIEEETH o 72,

ZOBERELT, v—% Y IEEUIICIME L 2AE
BOPHEETEY, ZOMABREMETE L o/zDIC
BAFEMIC o2 O5N5. BEHRLTWAREX
Dy — 2T, IMCEEBIE =08 =m + =18 &
LTRDLZENTESL, LAL, Jolly-Seber =TI
HEROUE L, #1EFEHD & & B GEHT 2
ZEPTER ., LIz TERRETHE, £ 1 BMER
1% OFEEIHESNTBY (Fig. 3), €L E Tz
HAHBEORBAPYL L Tz b, SHRITEHITH
By LEMOS ARErOREZMBL, £ 1ERALEL
BHRFEAD T L MIIZATY, ERE TICHE TE WY
(LGB OBEE P THLEND .

Jolly-Seber HETRDLRHERX TOR BEEBEOHEE
i, 2008 Tt 110~273.6 MK, F7z 2009 i
95.3~289.3 KO T (Tabled), Vb PLE
T OEHLS 352 ML T Tho7z. Tz 2008 FE&
2009 o~ — 7 EEHOHE®E (M) (Tabled) @

R, ERIC—2 LEBEEOL (211 137)
(Table1) (IBIZFRLTH o7z, LizAF-T, REM

KBTEFANY Y VIRHOT—F » FRHEILOWT

B T 7o — 2 LR R 2> Tzl d
b oY, RHOMEEMERE, 2HFMEBITEFRT
HHRNOETH ) RELLHEEETHLEELZLND.

2. FFNVYTVIORE - HEEED

FTANY TV IFEHOTEIZET AHELITEA LA
BV, B AR (1937) AV YV IR
RIS DOMED X OWMY, BEEHILELA
RUELBVERELTWAS, KEHRS (1982) IEF
BoABHTHI VY Y YVI0OBEEHYREL, Ty
HEBHY—213 9:20~11:00 OMT, b Y3 F 3
DI LR o T - HREE LG & ORISR WE LT
Wh, S I & o TN SR B L3R
HLTWEH, KETIEFRIFICY—F v FRER 1T
o720, MEMEOREL (Tablel) HERER L) o
7z (20084 : P = 0.191, 20094E : P = 0.105).

TR (2005) iF, RFBEEHHICBVWTEAVYTY
SPHROT—F VY FREETV, TAOFRAZALYE
CEETLHELTWA, KL WT D AR X
ALDFADIIIN 5 ~6 BREL 2FEME D ICRB AR
Rezol: (Fig. 3). —F, WS &k~v—2M
DS HREMATHE L2 HIZ, 2008 4EX D H 2009 4F
DT MEREE DI BRE P o7 (Fig. 3). ThiE®
BHICBIT A5 AOFHREAT 2008 4 (158T) &1
b 2009 4 (163C) DIFI BB ollbrELbR
5 (BHT).

R (BB o~—F U I7R/EICLBE, TENVY Y
VIDOPWFRBEH L R, S EBRERET 15 m @
7S HETHEREEINTVWS, LL, X ADERGE

R F AOBRMBEREFITHE 500 m DHNO Y 5 SHET
BbEoiz LTwh, K9S TIIRER DAL CHERR
SN — KT 2 EMEHLYETIFEEKT, RLEE
HER B2 L7 8MIE 560 m BOBR CRE SN D
TdH o7 (Fig. 1, Tabled). THERXLUNDZ 55 HHE
13, 13 kn R A-EHET VT AHSHOAEMER &
32 km BEN/-KHXTH B2 (Fig. 1), 2EMT—ED
REX Ty —7 LBEREBR I N2 o7z SEOH
RREHBTCOHREDS, BEBRBOF I VYTV
A ARG, SEMPLHHLTH%R LB AEE 500~
600 m MDD 27 772 RRATHEEZTEINT LT
HrioTwhreEzbhsb, 6T, AP TIE
Y= IR AZARBIETEREINLEHENEL, BE
BHTIHEWI EH5 (Table?), FBEMPEDO X R
REERXICEE L TEINT 225, BEBIICR S & EEX
PEFHL T DTREVWAEZELOND.

2EMOPEICB W CRERATHBH Y S W E@ED
EHE1E, BT 278%TH -7 (Tablel). FHIFHEX
NdolBEIZOVWTIE, UTOZEREZLNG.
(1) BLwE, 2 RERAANEH, Q) RERAICY
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LB EMECERES ALV, RIZ 2) OF—
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