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Abstract The Japanese crested ibis (Nipponia nippon)
used to be widespread in Japan, but the species was
extinct in the wild in 1981. In order to re-establish a wild
population, a reintroduction programme has been imple-
mented on Sado Island since 2005. This programme aims
to reintroduce 60 ibises to Japan by 2015. To date 10 ibises
were hard-released in 2008, and 68 were soft-released
between 2009 and 2011. In order to evaluate whether re-
introduced population will persist for 50 years on Sado
Island, population viability analysis (PVA) was conducted
by using population parameters of wild population in
China and captive one in Japan. Re-introduced population
will persist for 50 years if it has the same population
parameters as Chinese ones exposed to less than 25%
environmental fluctuation. After 2016, continuous releases
of a minimum number of individuals will be necessary to
maintain more than 60 ibises on Sado Island, if breeding
success will not reach to Chinese level. To establish re-
introduced population of the ibis, it is necessary to
improve the breeding success and survival rate at first
year.
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Table 1. Fates of released individuals and estimates of survival rates.

Number of surviving birds after

Annual

Release order

Survival rate”

0 month  half yr 1yr 2 yrs 3 yrs
Ist 2008 Sep. 10 3 7 5 4 0.74
2nd 2009 Sep. 19 14 12 10 - 0.73
3rd 2010 Nov. 9Y 5 4 - - 0.44
4th 2011 Mar. 18 12 - - - 0.54
Mean” 0.70 0.61 0.79 0.80 0.61

Y Yearlings were excluded from analysis.
' Annual survival rates were estimated by geometric mean.
% Mean was calculated from binomial distribution except for annual survival rates.

B AR120.44~0.54T 4 A% F3¥ 5 £0.61£0.07
(N=4) %% (Table 1). = I TIEEMFRHH S A I
VSRR AER D 4 TR BT LT b, B RO
D 1VAEDEFRIE, 0.44~0.781X50 %, F350.58+
0.06 (N=4) L7425, MEHE2FEZFHELLZIR 2K
Bk o 2 4 B DB O 4EAEAEE130.79£0.06 (N=
19, ZIHGARIC & HEAERRE) LD,

HE O AMEGTE YT X — 5 25 O

BEEHA Y Y a 2D S BAMEREE O HARE AR
A X% 60MEfA & L, 2012451248 2 36T L,  HEHE
RH60)] % 2 72 21320154 £ THE 1 MIST & S5 %
YFUA L, 20134E LAEIAE 1 MR RIS 2 S L TH

EEAE ST LY F AR REL TS, WTFRo
N a) p=0

100 -

50

150

Y6 C b 20164F AR B % FPIRT L C B AR RBEDS &
DEHEAT B TFHEIL T

T, AR O FREE A G A E O B AR AT & W
CEAE /N9 X =% §=0.49, S,=0.71, f=0.67,
c=2.T3 %2 FOREEE2CAhD. WEELEUDOYE
(p=0), FEAEAREEIGE LAY THREEKUT, Mk
B OZIIEE 212w, (Fig. la). L2 L, FEA
BAREED P E OB AEMAEREEF /ST A= 28> Tw»
72 LTh, BOWMEED L) RGO A7 BERD
2% EEEEITHRD LT E, RHFETHIET 5. IAE
0. 10356, FE AMEAREE L5040 DL R T RECd 2 7%,
6043 X |ZHi A H2 = 5 (Fig. 1b). F72, #WHAEE (p)
H30.2512 7% 5 & FRE BRI E344E 212, WALE0.5 T
1Z20E 12 I2AE S % (Fig. e, d).
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Fig. 1. Projections of population dynamics of released ibis with Chinese parameters under different predation
pressure p (Where, S, =0.49,S,=0.71,¢c=2.73, f=0.67).
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Fig. 2. Projection of population dynamics of released ibis with
some Japanese parameters (Where, S; = 0.49, S, = 0.79, ¢ = 2.73,
= 0.40, bold parameters are ones from Chinese population).

NieE2bN57:0, R p=0.25%H\5. %
72, WL LD TR DD TR VO THIL BE
() WAL= (h) XD /INEL B0, T2 TS
0.40 LIREST A, 22T, ZOMEKEET V%Mo T
MHFE =04, 0.2, 0.10 338 ) TEAEEA60T %k 2
TRET H12ODREEEHE L7z, B HRPRRO
0. 4056, AR P HUS LT 5 2 & T, HizbHEp
0.20%4, WAEIECHEZBET 5 LT, EIHEHEH0.1
L7 WIREC S ARAE 18 & LS Ll 5 2 & T603I L I
OIEIEZ MRS 2 2 LA C& % (Fig. 3a, b, ¢).

R O

T AAEARRE S BB TS OEARE /N T X — ¥ 585
TEEAEED T LTV IS (Fig la), BHEOWS X0k
23%10%, 25%, 50%D 3 DODYEEEZTHAL. B
BREBHD L56TH, BN MERITERE B 25 7%
B e REIIEDLS T, BOBEAREEIMIE 2055 i E
el A, BWEOW S TD10% LT 084, 504E#F T
PR AR (A6 L e (Fig. 4a). LA L, 25% 08
EOW S EH D B G, S0ME 4O FHE AMERE DT
#1399.5+0.2% TH Y (Fig. 4b), BEEiOW & XA50%
DWE, 50412 D T8 AMEARRE D fEHTE=1379.8+1.3% &
&L A (Fig. 4e).
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Fig. 3. Projections of population dynamics of released ibis with Japanese parameters under different fledging

success (f=0.4,0.2,0.1), when the release will last after 2016 to compensate for reduced breeding success
(Where, §;=0.49, S, =0.79, ¢ = 2.73, p = 0.25, bold parameters are ones from Chinese population).
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Fig. 4. Projections of population dynamics of released ibis with Chinese parameters under different environmen-
tal fluctuations (Where, S; =0.49, S, =0.71, ¢ = 2.73, f= 0.67). Vertical lines show standard errors (SE) for

estimated populations.

1 : O
a) \

5 08
3
= 0.6
O
4 N
o 04
n
-
T 0.2
o
c
© -0.2 0 0.2 0.4 0.6 0.8
S Enviromental Fluctuation (E)
R ) T —e— 1500
S c 1300
& 0|7 AT E
o / _.’ - 1100
S 06 900
2 E=0.5 & 1 700
= 04 -
) P - 500
g > g
3 0.2 e 1 300
e Sl 1100

048 05 052 054 056 058 0.6

S1

1 . ° —— 100
b) E=0.1 fﬂ ]
0.8 80
/ ¢ |
06 A 60
0.4 / 140 o
: ¢ 3
1 =1
0.2 20 )
2 1 5
0 . P - . ) 0 S
045 05 055 06 065 07 ‘ﬁ
fledging success (f) o
[
1 oo 110° o
T T T T — g 3]
d) E=0.5,/* Z S
0.8 3 8000 'S
' P
0.6 6000
[}
4 =
0.4 b 4 4000
0.2 . 2000
.o 4
(o) MR WP S L, St . el 0
068 07 072 074 076 078 08
Sa

Fig. 5. Sensitivity analysis for originally self-sustained population condition (S; = 0.49, S, =0.71, ¢ = 2.73,

f=0.67). Closed circles and solid lines show the response of population viability in 50 years, and closed dia-

monds and broken lines show those of population size by changing given single parameters.
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PVA EFI)VIC & 2 KB HT
AT D & DB EB LM OB AT D X
HNZBUGT B % W S I B 72 D I BB A ] Bk

GHTET I & FHCTIREST 21T o 72, BRAEH
Wi (E=0) GRS RET DMEE/ ST 2 —5 & LT
§,=0.49, S,=0.71, ¢=2.7, f=0.65 x MET 5. Ik
B1320154FE F TIT7 0\, 20164 DURRIZAT e b v L AGE
T3, 2Ok, REEHF LTI, B A X
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BRI, 75.620.68 I THEFFS LD, Lol
25% DBEEEE BN H 54, BOFEH O AREIX81.1+
2,06 CHERRERIL97.620.5% & 72 1), 50% DERHE%
Bsd b9 G, SO DMEARREL0.3+6. 60 TH-Hhk
FIL70.0£1.4% L %%, OF ), BEEEHIREL 2D
2D THOME LI EEE D e L TV BRI/ S < 7
% (Fig. 5a).

WIS, TOMEBEICB W CREEBFEI0% (E=
0.1) DI, S0MFEED AT DFERTHERE HIHEAL B B3
(f) OELIZE D o TED & IZEALT B0 %2 MDD
7o, WAL BTN .65 50.5512% B 5 2 & TREIREEO L
TREMEIZEMIC 0 ICEBAATL EV, FEARY L
2wy (Fig. 5b). & 512, 50% DBRIELEE D 5 5604
T, AL (S) LBUSERE (S,) DMEREEO S
EHEICRIFTHES Y I AL -3 a L ThE 2O
ST T, WIIAEAEEDS0.55, BUSAEFEMN0.73%
2 B ES0ME R D AERE O FERIZB%E Z 2 5. &
72, WEBEAEE (S,) OUEEDDBERDEERT 1 X125
ZBHEEIREVWZ ELbAD (Fig. be, d).
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BRBEA1X20154F F TILEIERBIZ60TI O M F 2 EH S
HIEERHBELLTHEBFELT o TD (BRIEA
2003). {EIEBTHE S b IXEE - BN
TS, B BITF RSN TRy, FREA A
WS PR TG 44 0 B A AR HE & 6] CAEfR I X9 2 — 5 %
oL ET S &, BAEBEIHERET, KETELL%E
ZHND. FEE, PEPRPGEERTIE, 19814FIC5R &
Nz TEH SRR HE L, 750 %82 % L
Twa (T 2004; 2 AE). LAaL, HBMEAEEEAER
LA UAREINT A =5 2o TOTLIEEN D5
&, FREAMEAREE LTI 2 TSNS (Fig 1).
72751, 5% DOREFHESINTH, BHEOEFE (S,) »°
0.76F TLHESNAE Z LT, FLIDOMIARE % HEkET X
. W & HAT B ESBIER IR A PET 5 BN &
57290, HEOMFIIETLEEMUTT LI L LS
%%, ZEOETFVCIIEOWERE (p) & LTEHELT
WBA, EHp B AHET2H505 ) A7 EHO
WKL ZEZDZELMRETH Y, EEBICBWTHEA
ERI S DL 72OIITEICET 5 ) A7 BN E /N E L
THLUENHALEEZOLNS, 1 RNEB LU 2 KME
TS A L 7B 2 45 H DL 0> A A7 53R L 0674 24 (A (A T
I EWboo, fE TEAEREOMREINEY7: ) O
B0 ALT & P EOFF AR D60% LT Lz a7z

B (N FEREER > 4 — 2010, 2011), 1 SRR
DFf o TV LR TR L MEFF T E 2\ (Fig. 2).
72721, Fig. 2EMUSMTTH, 20164F LIRS 1545 6 31
RS LT 5 2 & TOLFIOEAAE 2 504 £ THEFRF T
&b, TO7zH, 2012481248 210, 36O EIT) &
PR AR Z60TNET 2 A%, FEAMERRE % 607 DL
FATERDIZIZ20164F DLBE b 1S % #5 T B LWED B 5.
20154F % CHEAE 2 0], K36 DB % il 5 & A AEL
A0 < F CTENT % 720, EEREFEOTFFAERILE <
%5705, MR E TORBEEH AT 2123 2.
AT R BT REMEASHT (PVA) W52 &, b
D &) B EROBEHERIC BT, MERARON
kICEE R 52 2 EROEEN AT 5 2 LA TE S
(Caughley and Gunn 1996; Li and Li 1998; Akcakaya et
al. 1999). Liand Li (1998) X, =77 =7 (VORTEX)
THWTPVA 21774\, A5 A b0 7, BRiZes) & B
WA TIHIBRIGE D+ F OB AMERBEAERL K & BB %
GR2BEHELTA. SHEMWZZPVAET VIS S
A MO T IEMAAF T RS, FRE AR O MR
W, AR (S, BUBATEER (S,), BALBE (f),
EREAER (E) OMREEZ G OREMRTLzE S
%, BREEER RIS RIME RO 5
250, BEEHORRIZIIRESSFT L., —, &
FFEROYEEL, EARREO R O L L RO R
WCRECFHFT L, BAFRDPH 2 BN LT 5 2 & TH0ER
DOMWEAEEIIF 2 fED R+ % (Fig. 5d). 4 #i121
BRI LR (&t p=0.25) Tho/zt LT
b, BPEAMEETE ST X =5 09 BRIHIAETFEN 3 %k
#FL (5=0.52), BBEFRD4%LHET T (S,=
0.75), MEEEHIZLE LAERFCTZ 5. FRIC, BUSO4fESE
(S,) ZUET 22 e, ERFEORERIZRE (FEHT
BH, 1K, 2 RIS ER O BB AEAFEER120.79~0.80 &
FEEMATED0.T1L D KRE WO UGRIE# L v b L
v 20164F PARE AR, BUST AR, EAREE ORI
B Z 5 2WDS, EEBICBWTTREADKY T 5720
(13, BRI ER SR A R AT &[SI % 5 2 LML
EThsb WHEEZRKIIZZI12E, FESEBIZBW
TT v OBEPLEEE ), WRRTIPNEE 5.
PPN o 7o, MR E BTS2 L
THUREGREE 2 R CHERFL, B4R EZmO 52 LT
EOEATEREDITREL 25, 1R, 2KIREBIZHERT
MEALFNFREHI I D4 33K, 4 RIS TIXAIHIEAEZED )
DR 2> T\ 2% (Table 1). BUBEMREEAG0TII &
L7z, Sl THOE8IST A2 LT
TEERIHEFFCE 5 (Fig 3¢). 3, 4 KBUSMEEDLE
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FTX2139Tho.

AT L2ERREE 7OV, BRIRINAE T & Rk
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