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Abstract: [Objectives] Reintroduction programs have emerged as an important tool for saving and restoring
rare and endangered species. Studies on individual survival and reproductive success after release can better
optimize release strategies and guide post-release management in different release sites. [M ethods] Analysis
of variance (ANOVA) was used to test the average age of individuals first released in different release sites of
reintroduced Crested Ibis (Nipponia nippon) in Shaanxi Province, and to compare the survival rate and
reproductive success after release combined with the monitoring data after release. Generalized linear mixed
model was used to analyze the effects of age, gender, individual source and duration of rewilding training on
post-release survival probability at 6 months after release. [Results] The average age of first released
individuals in the three release sites was significantly different (F'=40.35, df=2, P <0.001). The average age
of first released individuals in Ningshan was the largest, which was 6.1 & 1.9 years old (Table 1). Post-release
survival probability of individual in Tongchuan was the highest (65.6%), and post-release survival probability
of individual in Qianyang was the second (61.5%). There were significant differences in reproductive success
in the first 3 years after release in different release sites (ANOVA, df = 2, P < 0.05), and the highest
reproductive success was 57.7% + 34.3% (n = 14, two, six and six nests were bred in 2014, 2015 and 2016,
respectively) in Tongchuan, followed by 52.3% + 43.3% (n = 14) in Ningshan (Table 3). Individual age was
significantly negatively correlated with post-release survival probability (f = - 0.21, 95% confidence interval,
CI: -0.45 to-0.04, P < 0.05, Table 2). However, gender, individual source and duration of rewilding
training had no significant effect on survival rate after release. [Conclusions] Based on the differences in
survival and reproductive success among the three release sites, we suggest that the release group can be
selected according to the age structure of the source population and the genetic composition of the individuals
in the specific environment of the release sites. Individuals from different source population can be mixed in
captivity at the release site, and then released after appropriate rewilding training. Furthermore, the results
showed that autumn may be the best release time of crested ibis.
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2008, Seddon 2010, TUCN/SSC 2013). N T $2
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(International Union for Conservation of Nature,
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H (Griffith et al. 1989) , 1 J5 & 2 fa R
PAE R TR P 3 Pl 7 — Bt 1|), i HAE RS
—EI AN N HAN R YA B (Griffith
etal. 1989, Richardson et al. 2015) . —MIAA
OB IR] AR R Bus it AR R T, AR
TR TR R AT b R T Y PR 5 DA A
RHIAFIE 2 (Nagata et al. 2016) . FRFZN
IRBIAEIG, T SARAL T4T R R R )5 R B
I HERARBORMIE NIRRT, BSOS 1S
(Philesturnus carunculatus) WV AR HE A
S (Masuda et al. 2012) o HAMIFFRIE
FH, ORI ARSI 35 22 AR T MR R AF
AR A N (Green et al. 2005) o 740
2 &5 AR BT (Fulica cristata)
IMEBIAETE R 85 (Tavecchia et al. 2009) .
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5 (RIZSFEE 2007). 2007 £ 5 A, B UURES
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YEFFEFALOARIEE (Yu et al. 2015). 7E LAY
b AHZRAE H A (2008 5 8 H ) (Nagata et al.
2016). JAFHZE (2013 4E 4 F) (GHR¥%SE
20160 BRpas JIEM (2013 47 H) (F4E5#
2015). BEFEEASTFH (2014 49 H) (Lietal.
2021). WL (2014 4 11 ) (BEEELS
20200, BRPGPEEE (2018 4F 10 H) Fli [
(2019 4£ 5 ) a7l A2,
GRS 40 AN 5 LR 3755 77, RS IR
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HWE
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Wy MRS BB IAZE . BRI B4
A7V AV Rl D 2 AT LA mT DASE G e A e
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108°49'36" E), FEJH X IR AL f AT
AR TSI NRR RIS AL T T35
E g2l (34°3827" N, 107°09'52" E),
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ANRETBCHE () SR AE O A AR 58 A 45 A #GE
(Yu et al. 2015, T4E5% 2016, Dong et al.
2018, Lietal. 2021),
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A R RS A Bt R N TR L, BEHBAR SRR
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BE, DY ANTOES e e R N 7 R

2 BRI

21 WRMNR
SANBEBO IR RS M (3R 1): 2007
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F5 AFE 2011 F 11 A, FRREEANEE 4 W4, &4 11 HE 12 ABAREESI AR
IR RS 56 K, Hop 20 RoRABRFEARS BRI rE BT 1 802 Ol E . AR
P XA TZEE RO (URERRER) , 20 1 BOHRCMA RIS A RIME Bk 3 B 2/
K H BRI A e RUAFET O (BL B AR SRR FR I T O R R 2R R PR X
TEMEZ , Ha 16 FOMTRRARE BT ANTZEEH O MR [EAEF LI 2R K
Kt (BURRIRR TR IR B ER A Bk E SCHRFN AL AN A AT

2013 4 7 H, BEVG4R MMM B IR IURRS 23 Gitaih

32 H, RAMRERERP XN TEGHO, AW T T B A R R MAE RS 6
2015 4F 4 AAMFRREIN 30 RAMAE, SREABE AN HAREERECAREE,  WESMAd
2RI A S RUA IR A0 2014 429 RAENE, BAET ECEIRR R X IR DA AN AR, K
TBH T WA ORI 30 SFURRS/AMA, SREIBE ISR TAMAICONBRESE T, R I 3 i) 4T

PO R XN TEFH O, NRER. RHT MR A (generalized
2.2 EpAMRZEANEERLIREE linear mixed model, GLMM) 2 #rBEva4 =/

BT R RGET 2B R RS2 I MER  RESF ST R BOh B BRI R SRR . PR
ROWRIN BUvgmid) MeEdeysh, T BSGRRIBBUE MR R .
B M RIRGA] . BTG [ NEESE RFEAMAIE SRR, S HA RS A2 8
3 A%IE 6 A, WEEMSERBCMARIE  ER. BHERIIFOVER T RS8R S
RIRAAT Y. B HRIEESE, HIWNEEMEHE OB E . RATTZE 28 (ANOVA) K%
Xto FEFEIIEEA 2 B3 OB HIXIRESE SUEAL A FIREBOIRE BUR AN A A S I R K
BEATWLEE, OO, Wtk g RHIIRL ERE BB SRR Z AR 2 5 R AL R
LN, WACEO I WA S R . BRETE Aol R IEIR S AR R ¢ Imed”

R1 BRAR=AKREHEHIABEBOCOREBCRBEMEEXRGER
Tablel Information about releasing individualsof Crested Ibisin different reintroduction sitesin Shaanxi Province
FETSN E) (4E-H-HD HPAL I ZRI 4

B Number ML Sex ratio “FIJ4ER (4) AMARRE Individual source

Hi 25 Release site Timing of release . . (d . . .
(Year-month-date) (ind) 39 Average age Training duration (Zhouzhi, Yanxian, Ningshan)
TR B IR ) JH§ % Zhouzhi 10, ¥ £
A Zhaigou Village, 2007-05-31 26 b1 6.1£1.9 84 Yangxian 16
Chengguan _ Toun, | M Zhouki 2. i B
ingshan County 2008-09-23 6 1:2 5025 564 Yanxian 2, 7*Pk Ningshan 2
) Ji % Zhouzhi 5, ¥ £
2009-08-19 14 43 56+32 880 Yanxian 1, 5Bk Ningshan 8
) J§ & Zhouzhi 3, ¥ &
2011-10-29 10 3:2 5.8+43 1206 Yanxian 1, B Ningshan 6
A 11T ] XA A
-07- : = HH i
K Liulin Forestry 2013-07-03 32 1:1 4.1+38(n=24) 110 5 Yanxian
Farm in Yaozhou
District, Tongchuan 51504 1 30 7:8 115445 38 Jii% Zhouzhi

City

T-BH BT 381 1 K%

SN Qianhu

National ~ Wetland 2014-09-17 30 15:11 22+£1.1(n=26) 34 ¥ HL Yanxian
Park in Qianyang

County




6 1) RS AN [FRE ORI N SR B 1 5N REAE I M BB D 52 - 805+

AR (Bates et al. 2015), FTE S HTTES
%44 R (4.0.0, R Development Core Team
20200 kAT, SO EEE P IME £ bRdEiR
(Mean = SE) #I/Rr, Sil2I6E P < 0.05
o7 R R

3 #5

31 =EAVBETBCHRE AR RY B B B R A R 2 Rk

2007 4£ 5 A& 2011 5 11 H, TBEE
4 IRILRETN 56 RARRYAMA, HEMEPELL N 1.07
1 (329, Q27) , HEMEFIIFER (6.4 £ 2.9)
%, KT MEME, MEMEFIER (5.2+£25) 5.
2007 7E 5 F 31 HE RFEIR 26 W ifs, MEYEF
PIERE T, METE (62+£22) % (n=13),
HEME (5.7+£1.8) % (n=13) . 201449 A,
F-BH TR B R 30 AR EEAMA, Fo,
RARFNE AR (> 1 %) 26 H, 419 (<1
) 4 R AR AR EMEELE Y 1.36 1 1,
SPEIERY (22 £ 11D %, MEMETPEFEREA
FME, M 23+ 11D % (n=15) , Mtk
(21+12) % (n=11) . 201347 A, B&r
)1 AR AR I ORI 32 HRUARRG M, Hod Bl
PRI AR 24 H, 4519 8 H, SPIJFER (4.1«
3.8) & (n=24) , MEVETFIHFEE (45+£3.8)
% (n=12) KTMEM[ (4140 % (n=12)1.
2015 4 4 F 4 )N8R 30 K, A 9 s,
SPEFERY (11.5+4.5) ¥ (n=30) , HflET
VIR FEARME, MM (11.2+42) ¥ (n=
14) , MEPE (11.8+4.8) ¥ (n=16) . #i)ll
2015 AFAb 70 B O R B AR R v T ORI
(2013 4F) , HPRIRBE IS MR P 3 508 22
BF (1=535, df=53, P<0.001) . BEoie
AR B ORI AR (1) 5 A 1 2 e iR
(F=40.35, df=2, P<0.001) .
32 =AMV AMEERS | MERIFERMERF
TEER

2007 45 H 31 HBeE OB 26 A
e, MR SR 6 A (AR 3 H, ¥
B3, MiEr3 R GER2 1, HE1

ROy REET R, BFAMAE 10 A (AR 3 H,
HE 7 D), FAEE 50% (10200 . 2013 4
N R 32 HAMAE, #ieser: 4 H
(4/32, 12.5%) , KEFE7 R (7/32, 21.8%)
TPAMTEIE 21 R, fFIE% 65.6% (20/32) , 2015
fE 4 AANFEREIL 30 K, Ak EH BRI ET A
SRR, FETS 8 K (8/30, 26.6%) , K
27 HO(7/30, 23.3%) , FFAMERE 15 R, fF
% 50.0% (15/30) , IR HAIEHRER
W% (65.6%vs. 50.0%, P<0.05) . TFHET
TR ORI 30 AR, AR H Bevh 4
B XN TEH L, BUEHr 4 2, i
EMT: 5 K (24.0%) , RS H, BN
16 H, fFi5% 61.5% (16/26) .

KR OB TR A 1 43 A T80 A AR A
Wy PER . AMASKRIR . BRI KR B
[ERPRERUE M FEE R B . R R, B
UGB R S AMMAFER B E AL B =-
021, 95%E{5X[A] CI N -045~ -0.04, P <
0.05) , Ti-SMAl. A RIEAEF AL I 2RI K
FIFAREARE (K2)

®2 FR. NI IGRKNRRUE
MBS R IR
Table2 Effect of age, sex and training duration on
post-release survival probability of reintroduced
Crested I bisin Shaanxi Province
fETHE AR 95%E (5 X I

%1 Variable Estimate SE osuct
FRE Age -021 0.10 -045~-0.040.03
P Sex -026 051 -125~082 0.60
AL IZRHS K Training duration - 0.47  0.75 - 1.91~1.21 0.52
AMARIE Individual source - 0.16  0.72 - 1.81~1.29 0.82

33 ESAVEETSCHLRE R AR T T R
FRIIZR

T BRSO AE AN ISR (2008 4R T
B2 AN TR R K 3 R4, 2008 &
2010 7B f 5l NARRSFIRE, Rib#E 8 MK
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FERLXS, JLvh 200 43 #, P opE(3.0 £ 0.4)  AMASIR, NS H I AN BRI, 4

e (n=14, 2008 FFZ5H 2 81, 2009 FZ5H 5
B, 2010 7 H) , Hkghg 20 R,
PENIN 52.3% £ 43.3% (n=14) . H)JIBEIK
MEE AN ETEZ (2014 ) TR 2 DER
X, I 2 R 2014 2 2016 41|
FGINFIEE, e ZHEACT 8 4, it 77 EE 34
e, FHEs (24+08) # (n=14) , H
KA 31 H, BIHRINER 57.7% +34.3% (n=
14) o TRHBHMAE E N EEZ (2015 4
TERE 1 AR XS . 2015 & 2017 ST FH-Fi#
MR SINFIEE, e EEEE K 6 4, Heihr
B 23 ML, FHIE % (2107 M (n=11) ,
g 2 H, BIERIIZ 16.6% + 20.1% (n =
1) o ZABEBONA RS 5] AT BUS HT
3 AR IR 2 K (ANOVA, df =2, P<
0.05) , )M S, TRRxz (K3 .
4 Tk
4.1 FBEBAMEEEMBASH R F 5 AT H
fRIRZ
PRI KNy 1) B A5 R 4 0% &35 4 L
S B AFRERI AL, X TIR SN
ME, B RBERBGERE 100 RAM LR >
BAMATE 5 1) (Griffith et al. 1989, Fischer et al.
2000) , /NEVBETBOREAR BRI FREE G TR AL B
oy 1) 2850 B e DA 7 mT R 4 R ) BT AR B
(Armstong et al. 2008) o IR BAMAE = B
FETBOP AT LRI PRI 5028 SR TS0 7 3 e P

T RE TEUEE 22 ) 5 S 70 2 ) P A 8 R 5 4
XFE, BEBUGH MR T B R R — e R L
S PR FPFE IR 2, B AR E SRR TR 4
BB N T RN IR R, RS/ N R
BRI ARG o BB NSRRI F RO,
DR NMARSI N 30 RAA A« AFWIFH, #ie
FETBT 5 1 e/ Ao S R R T A A 5%
AT SRR AR IR M R A2 %6 (Masuda et al.
2012) .

T B AR TR A 168 2 52 o B 2 H )
FERRK. BRI = ARRHR BN 2 Rk
FIAEWS 22 SR, 4 )11 2015 SE4R 78 BN A
B (115 +45) & (n=30) , FREX
PIMEBE IS AR R B RAALRFEE, |
BAREI R EAYE (philopatry) 35k, B 53
B, AK T (Mitchell et al. 2011) , &
AL TAT R R B RSB B, e AT AT B 4t
TE NG, 5 AR TS T A P IV AR B R
YR 71735 (Masuda et al. 2012) . X TK7
T A PORE TR A T 5 7 i A0 OB TV A LU
HH| (Sarrazin et al. 2000) o 4 )1 F1F K A&
A5 A TR SR ) T A AR 4

TR TRURR R 1) s AP J31) L 4510368 5 ER A o ) S
CL 1) 2 R, T T L 1) 7 P e e A EE 12 P 2
B MRHIFE RN, 8 G BRI L
BIFSE A (Armstong et al. 1995) o KESH
BECH], MEMEILEE R SN, =AM E R
FE TR B AR P BB 354200 1 0 1 {HRE T

#3 BEEANRKAEEIAMFNEESH
Table3 Thebreeding parameters of different reintroduced populationsin Shaanxi

RIS 55 Sites of release

i )| Tongchuan +FFH Qianyang T*B% Ningshan
SEAY Year 2014 2015 2016 2015 2016 2017 2008 2009 2010
Fic % 4L Number of pairs 2 6 6 1 4 6 2 5 7
7= No. of eggs 5 15 14 2 9 12 5 16 22
554k %% No. of eggs hatched 2 12 13 2 5 8 4 10 14
H K # No. of fledglings 2 10 11 0 2 0 3 8 9
B T 3R Breeding success (%) 40.0 66.7 78.5 0 222 0 60.0 50.0 40.9
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S BE P AR B A ) T B SR (Nagata et al.
2016, Dong et al. 2018) ¥ 53 By 77 R HH 21
PELCIm AR AN ST S8, 7 B 5 2k = IRAh
R, ARRE TR ST )R Sk
B 30 R, oAb 1 E OB BAMA BT T-BH
FREEOOREI — X, B AT SR R A, TP
YERPIRAS ML . DR B2 SO R TN, 78 9 PEA
FREEME LRI, TR BERE AN AR R ) 254
4.2 BO7 2 BT E K

BERFAS [F] P50 75 3K 456 FL AR I SRR R i
BRSO IEIHIR . 185 L ACHT M5 1
JE 77, REREIAT B2 5 BUB BN A 7= A U
N, XA R 2 R BB MR IR T R
(Teixeira et al. 2007) o AR UL FEE
SRR AN S, 22 B 7 WA BORE
7% (Hardman et al. 2006) o X H A 5
PRGNSR FR B, ARSI MR AN A
BUCES R, TR HORE SR B TR AR AE R
b S HER (Nagata et al. 2016) . FEEE
VB P NREG MBI, BSOS MEPE
ARG BB TR L ) £ IR AR DD

X IRSE YA B S, AR K
H P 7R S MA, 9 NTIE o — o g i ok
JIMIERE . BRI = AR A 5 RS TS A
BIRGEFRAMA, N TR 77 ST I A4 7 ARt
B IR, A IRIEY . sk,
RO AR AT AL S E B AP IR B vh A A7 P 75 B B g
(Kleiman 1989) , BEISUG [ NP
R ZHHEINTUE , N TP 77 S 1A
BB A2 1, T RE L EIZ:, fE
FLIREIE N A, SR EE 1 B A A AR
A, REIFAMEIER . AT AR E]E 1k
R K5 AAE R M, wies =MAR
R AR A O . X B8l 7R AR T SR B ORE T
859y VP (1020 R N 4 5 7 N R R s 2 T 55
iz Ha iy 18] % A AERE B 77 20 (Jamieson et al.
2003) .

B 48 — AR AR U B S AR
B BB EE IR TS 3 (ZEE S 2013, Dong

et al. 2018, Li etal. 2018) , {HREJ /5 ITIE
HE A TA] AR ARG OL, 5 e R s
JEFE— LA ] RO B T AR R RS B9
B (Smuts-Kennedy et al. 2013) ; [RUBEHANME
AN SR R T HE BRI B ) 28 B T M DA R B &
Y, BEISUGIE % T &4 (supplementary
feeding) W LAHE BAMAIE I & R, B s BE T
AN P s R (fidelity ) (Heath et al. 2008),
MM FAE7E %R (Wanless et al. 2002) . 41|
AT FH PG NRBGEFT RS Z AT ], A2y
N TH BRI SR BANMA, BB E 8
B, AR T H I AFBEE L (Rickett et al.
2013) o fIGnAR RN 32 EEAE R TG B i
(RVEIRT A I B AV s T BHRE IS A 2 B
R O B P TR R SR LK ] TR e 7K X
- VA e DN S Svik e
RAREMEY)FE KL, X0 R
SR UE & N & 77 (Armstrong et al. 2015) .
AR TSI T 55 28 LR TR M R 97 Bl A e B =
IR SRHIE, DU AT R R Bt S S A
1 (Armstong et al. 1995) . Tk #i)II AT
H A [ B T8 b e 436 S8 39 45 o R T A4
BIReEE N KISl 4 HIEAT AR
ZIAW), 2015 4 4 A )P FEREIL 30 A,
R TR JEOA A LE B T804 2 R IR A 251 R B Ty 36
Fo KRRV, AR AR
TE A R T AMME A B ZE L, AT AT AEEL )
TE BRI [A) R0 43 (8] (R a] e, R T SHE RN
IR, 2R BT, KEETTRE R AR RS R R
TS TA]
KGN — KIS 2R RV PR
POAE, BRI =R T R, A
RIS W it B AR AE 22 e, A MR TBUS 2%
B o ASHIEFEME DLV A At — £ m] R 5 i B A
ARG R M BN LR ZE, W (1D AFRFE
ZHTHAFRIA T ZE S, e B A LE KN
B O BRI, T A R IR SR
Mg HEh Z B lgs;  (2) BRI ZE R,
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T B AR 1R EL 2 ORI, E OORTRUE B A E
B BIPPRE, W] BRI JE SR 78RR BN
R, X R A RHES 5 M7t i —
WIRE
43 SEREEIIANRFEEEN

AR H ATt G FE A T R 2 R RS RS
AN, W7 — @M FRR (Yu et al
2015, Nagata et al. 2016, Dong et al. 2018, Li
etal. 2021), {HZBUS B A HE I AR IR T
i 2 PR . AR bR B AR IR ERER K0P T
I AB R IEFE T H 45 F ) (TUCN/SSC
2013) KT BfaF A TBOR M ZE A E I, 3R
AT BN LR I T AR AR R R, $ i
SINTH BRI Z: (1) HeEfion, nl{E&s)
A B T AR T A P I R TRX IR
Tt b ATURE TSt 2 8] DG B AR SRR AIE 1) AH AL P2
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