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Abstract: [Objectives] As a critical strategy of ex-sifu conservation, species reintroduction has become a
critical approach for rescuing globally endangered species, with its success highly dependent on the sustained

reproductive capacity of the target population. This study reported key breeding parameters (including clutch
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size, hatching rate, and fledging rate) and their variations and identified new threats facing the reintroduced
Crested Ibis (Nipponia nippon) population in Ningshan, Shaanxi, aiming to provide a quantitative basis for
developing targeted conservation measures. [Methods] We conducted 17 consecutive years (2008-2024) of
continuous field monitoring on the reintroduced Crested Ibis population in Ningshan, Shaanxi. Nests were
systematically located by observing evening flight directions during the breeding season (February-June) and
monitored via binoculars (10 X 42) and spotting scopes (20 ~ 60 x). We recorded key breeding parameters,
including laying date, clutch size, hatching success, and fledging success, and identified the causes of egg
losses and chick mortality based on direct observation and physical evidence. For statistical analysis, Welch’s
ANOVA was employed to test for annual variations in laying date, while one-way ANOVA was performed to
assess annual variations in per-nest hatching and fledging counts. A chi-square test was conducted to analyze
the distribution of nests by clutch size. Breeding success metrics (e.g., hatching rate, fledging rate, and
reproductive success) were calculated as percentages. All tests were two-tailed, with significance set at P <
0.05. [Results] A total of 222 nests were recorded, producing 723 eggs with a mean clutch size of 3.3 £ 0.9
eggs (range: 1 ~ 5 eggs). Specifically, nests with 1 ~ 5 eggs accounted for 4.1%, 14.4%, 35.6%, 43.7%, and
2.3% of the total, respectively, with nests containing 3 or 4 eggs comprising 79.3% of all nests (Table 1). A
total of 524 chicks successfully hatched, yielding an overall hatching rate of 72.5%, with no significant annual
variation (F16,222 = 0.000 48, P > 0.05). Four hundred nestlings were observed to fledge, resulting in an
overall breeding success of 55.3% (Table 2). Notably, fledgling numbers exhibited significant annual
differences (F6,222 = 5.820 00, P < 0.01). Major causes of chick mortality included food shortage (45.2%),
predation (21.0%), nest abandonment (5.6%), embryo mortality (4.8%) and unknown causes (23.4%) (Fig. 2).
[Conclusion] According to these findings, this paper proposes the following conservation measures: (1)
establishing an intelligent nest monitoring system to mitigate threats from predators such as the King Rat
Snake (Elaphe carinata); (2) developing local economic development plans that fully consider the ecological
requirements of the Crested Ibis; (3) implementing a tiered response mechanism of conducting artificial
feeding during the brood-rearing stage and winter with food scarcity and activating emergency rescue
measures for chicks during extreme climatic events. This study provides a quantitative basis for the scientific
management of reintroduction programs for the Crested Ibis and other endangered waterbirds.

Key words: Crested Ibis (Nipponia nippon); Reintroduction; Breeding success; Nest predation
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Fig.1 Annual variations in laying date of the reintroduced Crested Ibis population in Ningshan (2008-2024)

W) (d) DAEHOREN R (3 4 2 HD et 5.

Time (d) is calculated in comparison with the first egg laying date (March 2).
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Table 1 Annual variations in clutch size and nest number in Ningshan Crested Ibis reintroduced population

SE 7% 55 N ST AT Nest number distribution by clutch size T + bR SR
Year 1 2 3 4 5 7 Mean + SD Nest number
2008 1 1 25+2.1 2
2009 2 1 2 30£1.0 5
2010 2 2 3 3.1+0.9 7
2011 2 2 2 1 33+1.1 7
2012 3 3 35+0.6 6
2013 2 6 1 29+0.6 9
2014 4 5 1 3.7+0.7 10
2015 1 7 3.8+£0.7 8
2016 1 3 8 I 33+1.2 12
2017 1 2 3 7 1 34+1.1 14
2018 5 8 1 3.7+0.6 14
2019 3 3 9 34+0.8 15
2020 3 5 10 4 27£1.0 22
2021 2 2 8 9 3.1+1.0 21
2022 2 5 7 10 1 3.1£1.0 25
2023 1 8 12 35+0.6 21
2024 4 14 6 3.1£0.7 24

Hit GEEHEED

Total (Percentage of 9(4.1%) 32(14.4%) 79(35.6%)  97(43.7%)  5(2.3%) 33409 222

all nests)

FIZECR RSP 4 MM SR o, SR 3 M BRI AR AT 4 MUN AR RS R b R R, SRS RN IX 7 MO, SRR 3 A,
KN BRI [ A AL (BT, 5000 3 BORTERE O, 2 4R s ALl 4 5.

* Early in the breeding period, the 4 eggs laid by this pair were covered by nesting materials; the pair subsequently laid an additional 3 eggs.

During the incubation period, the first 4 eggs were exposed again when the parent birds were arranging the nest. The parent birds incubated 7 eggs

simultaneously, and a total of 3 chicks hatched. Judging from the egg-laying time and hatching time, the 3 subsequently laid eggs were infertile;

thus, the clutch size for this nest in that year was recorded as 4.

BARER R IR N 553% (£ 2) , Fhr
[F) 08 A D) R A B3, H A0 1 B
B EE (Wald, y2=535800,df=1, P<
0.05) , BERUEGE BIFEA [FE RECH 0.04 Cbr
1% SE=0.02) . Hrr, 2023 I EIHEKY)
F(71.6%) 5H CRIIE (93.0%) AW
DHAVEAE , 110 2013 AF I H CB DI E (50.0%)
Y RIhE (30.8%) B9 RIK, &
FS B B S LG

2.3 EHERINEMEHER

LI RN 2 B WAL T 2 A )
FIL[E R, P AR S R IR I R R R 43
2 (2 = (1) RETHEOP ek R ) 1 22
JRIH, FRIESERZAEIN 184 K, i In%k (724
O 1) 25.4%, & ARFFATE (199 #0 1 92.5%:;
(2) Bl - AT RS Cn k<D
SECEYIFHIMAK 15 M, AL B
2.1%, SRR 7.5%.
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K2 BRETEAEHEIAMENEESHEMERRIIE (2008 F 2024 5F)
Table 2 Breeding parameters and breeding success of the reintroduced Crested Ibis population in Ningshan,

Shaanxi (2008-2024)

i 2 Y 7N [ERA& (6 U6 S X A A%k S [ 5 97 R R
Year Nest number  PoPulation Hatching Fledging Hatching ~ Fledging success Breeding success
fecundity number number success (%) (%) (%)
2008 2 5 4 3 80.0 75.0 60.0
2009 5 15 10 8 66.7 80.0 533
2010 7 22 14 9 63.6 64.3 409
2011 7 23 18 13 78.3 72.2 56.5
2012 6 21 19 14 90.5 73.7 66.7
2013 9 26 16 8 61.5 50.0 30.8
2014 10 37 27 22 73.0 81.5 59.5
2015 8 30 23 14 76.7 60.9 46.7
2016 12 43 31 23 67.4 74.2 50.0
2017 14 47 32 25 68.1 78.1 532
2018 14 52 36 23 69.2 63.9 442
2019 15 51 36 27 70.6 75.0 52.9
2020 22 59 44 34 74.6 713 57.6
2021 21 66 45 37 68.2 82.2 56.1
2022 25 78 52 40 66.7 76.9 51.3
2023 21 74 57 53 77.0 93.0 71.6
2024 24 74 60 47 81.1 78.3 63.5
&1t Total 222 723 524 400 72.5 76.3 55.3
I = bR 13.1+72 42.7+£22.6 30.8+16.7 23.5+14.6 72.8+7.3 739+9.8 54.0+9.8

Annual mean + SD

I AE S, JER 124 HBETS, 4
SR EL 23.7% 0 4 S A0 T ) 32 B R A4
(1) BYE= 58 56 HAESEET:, HIET A
o124 D) 11452%; () KEdh& 5826
HAESBET:, B0 21.0%; (3D FEARIET:
RGP AR PET - H B o 6 R 7 W,
o di 4.8%F1 5.6%;  (4) A i T IEiE A
SRR SFE 29 RAESIET:, HEEW
23.4% (K2 .

3 iR

K HA WA 28 R SR, TR N E
2008 fERINEIH LI, OIS 17 FLBE R
LHF , A B TR 56 ROR B A H Al
W TR (130 &2 R1) AR WIHSRE LY

X B DX A, BAAHE ST 500 R A
AN ) BRI E (55.3%) , M
FEANFEHLH _EEGAIE T Al oS¢ Tz A el (R e
KiaFH Rk 25 FHKE LA 1.0 (Yu
etal. 2015, Wang et al. 2017a) . &5 &AW
i B A S BT I S, A SRR T %
Tl A 20 N b B 2 ST 1) S S B B —— A 1T B B
(Schaub et al. 2009) . Z¢ L, AWFFINN, H
] STt ) A 3R S R RS 5 AR AN T AR S
LB, AHOCSRER A I0 A HAth [F] R U fa ) A )
EIGIDN /2 e

WUARRSIN 5, B eBOR LB AR SZAE BY Y
IR PTG L ST i D 2R 1) e - M S R
B KRR U0 B B ] B 5 B RN
(Morland et al. 2024) 22 BCHL#I] ( Birkhead and
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4 Year

[ ]Rka245 Infertile eggs

|:| FEEFIIIIS Egg loss (nest abandonment)

[ #§34kES %61 Chick mortality (nest abandonment) [ | B4 ZFET: Chick mortality (predation)

[ I WRHAFET: Embryo mortality

[ Al )5t 4 S FE T Chick mortality (unknown causes)

& 2

[ ] &EWARAESFET: Chick mortality (food shortage)

BRVE T BRAR S FE 5 NP BB R 4R B TR R O F 43 LLHE BB (2008 & 2024 £F)

Fig.2 Causes of egg losses and chick mortality in the reintroduced Crested Ibis population in
Ningshan, Shaanxi (2008-2024)

Moller 1993) . #355 54E LR FK (Schoech et al.
2004) Flkt£x45K) (Cockburn 2006) 25K HKA
ey BT R R M SR 52K O 11 R BLAT
st = HLH AT . F 2P B AL Casynchronous
hatching) Sl 51 & (1) 55 P4 S [R] 1) 52 42 530
SRR I R BRI, AR %R R S
ANEMARZF, {EREYEZ 585 F2 50 H
WAL I GO MRS A K S AR
& M AL (Magrath 1990, Stenning 1996) ,
VAR S B O AR RS L RE S RIS 1)
SR EAHULED (Ricklefs 1980) o XA,
ZINEE AT REA, S B B A AT A AR
5 (Boyce and Perrins 1987) . f#ltnsk 28854
FHEER PR AN (2.8+£0.8) & (n=271)
(Yu et al. 2006) , &E/NT A FFRERF
YIsUR% (3.3£0.9) M (n=222) (r=-5.649 00,

P <0.01) o X RE 5 AW FLFN R H Az AMASL
B FERE NI N RsEE K. N 4~
10 5 R A BF A AR 1 8 O A 8 2 v T oAt
PINMFRA 2~325 >10%) TRV
2007) o HHABKRESFGIAFEAHL, BerhT
FHAPIE RSP 38 88 B A (2.1 £0.3) M (n=14)
(Lietal. 2021) , BRVGH )1 FHHE R385 ON £k
N (2.8+0.8) M (n=108) (EHEmE 2024) ;
T ASBIT 5 W U %) 7 B M e~ 250 g R A ey %
o 2 1) 53 BN 22 7 1T e 5 AN AR s ) <
ik BYEFRAMA K.

T T7IH S AR B K T F ) A R
RICOFE R . TFFRRI, BT AR
T Ak () M BRER AN [R], 4 B3 RGBT 22 7
BN Ze s P BOR RSP B R B S R TS
XK, WIRIEIE (Accipiter soloensis) « 15/& (A.
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gentilis) « % (A. virgatus) - JE/ME (Nisaetus
nipalensis) ZAb, FOKH UK H R i
Bl L #ue (Elaphe carinata) (Jiang et al. 2023) .
FEFREE R IERT, FEFRBECR I AR RS
S AR A T 52 ) S MR e e /N T BRI ) R
NFh#E (Jiang et al. 2023) . BRILZ 46, ik
ASAE AR T HAR R I AR g = . G
FETARAR B . Horp, g¥psk=Z hnEl 1 s W
e L5 18] ) 55 5 T B85 /MR SE T2 288 0
AT R, BILLEJRR S8 124 R4S
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Two potential host species feeding on the same juvenile
Common Cuckoo (Cuculus canorus)

EYRHEFERG Y, T21E ERIRAIRAF LD, HERE XM SRR, 20237 523 H, 7E7
SRR AR A BHE Rl b, WBRAESR B 1 R EIMELL RS (Phoenicurus schisticeps) MES R 1 RIKJE 58S (Emberiza
godlewskii) A4k [F— R KKLES (Cuculus canorus) #15WAT A MRIBIIABEFIIHUEE, KA T LR
PRS2 S M4 & F — R KRS S & FE, R IR T RE R R

Hiop AR HR A A Ve ST O A oA S 28R Srh, BAE T (B ARSI AONMRORRIE A, MW e &
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W, TR T — PR E & 52 28 P EI 3L (Davies 20000 o [ 2542 56HE 1, g 3260 B IR0 AIHE 2 LG
g (Davies 2000) , {EXT4EL IR AIARYS 5 0L (Langmore et al. 2003, Grim 2006, 2007)

(R 348 70

EEWHE 2023 FEMNE BRI AR R EDH

* JB{EEH, E-mail: yangletibet@]126.com;

F—EENME TE, &, WEOFA: BTN 147 8%: E-mail: huixiang11151216@163.com.

WA B 2024-05-14, &EIEHH: 2024-09-03  DOI: 10.13859/.¢jz202424115  CSTR: 32109.14.¢jz.202624115



