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Abstract: Although population viability analysis (PVA) is widely used in the conservation management of endangered spe-
cies, a daunting challenge of how to incorporate internal and external factors that affect the long-term maintenance of their
populations still exists. After decades of conservation efforts, the wild population of the crested ibis ( Nipponia nippon) has
increased from seven to approximately 4,400 individuals. Several reintroduction programs have also been implemented in
China, Japan and Korea, respectively. Previous study suggested that demographic stochasticity, catastrophes, and sex ra-
tio were the main factors affecting the stable growth of the wild population of the crested ibis. However, assessing the long-
term impacts from these variables on the reintroduced population is lacking, which adversely affects the implementation of
conservation measures in the released areas. From 2014 to 2023, field data on the life history of the reintroduced crested
ibis population in Tongchuan City was collected. An individual-based Vortex model (Version 10.0) was then used to predict
the future viability of the population by incorporating adaptive patterns of ibis movement in relation to carrying capacity , mor-
tality, dispersal, sex ratio and catastrophe frequency. Results showed that the survival probability of the reintroduced
crested ibis population in Tongchuan City was 99. 10% over the next 100 years. The population size was estimated to be
508, and the population genetic diversity was estimated to be 0. 9304. Sensitivity analysis showed that population size and
extinction probability were primarily dependent on carrying capacity, fledgling mortality and survival rate of dispersers.

Therefore, subsequent conservation priorities should be the carrying capacity enhancement, increasing survival rate of dis-

persers and reducing mortality.
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FhRE MR o8 e fa e, 8 T A0 . RS 2014—
2023 A A B (£ 1) BRI S S
BT P AT A (0. 388+0. 100) , JiLAF M - 14 ¢
FE G ACECH (1.90+0. 51) H o AR AR RS -5 | AFPE
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B K DL T B 4G M o 7 B, T DA R R a7 B
108 &5, fe > B B A 1 ML, I 2 S ML, 1 (2. 82+
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F1 AIRBEINFERENESMEAENBER LG
Tab. 1 The number and proportion of the breeding adults in the reintroduced crested ibis population in Tongchuan City
i 2 5 M S % W 2 R T R ST LA BRI LA e 5 Ky BT AL
Year Number of the Total number of Total number of Ratio of the Ratio of the Mean fledgling number
breeding females  the adult females the adult males breeding females breeding males produced by females

2014 2 14 10 0.142 0. 200 1. 00
2015 6 14 11 0.429 0.545 2.33
2016 7 20 16 0.350 0.438 2.00
2017 7 21 17 0.333 0.412 2.29
2018 9 22 20 0. 409 0.450 2.67
2019 12 27 26 0. 444 0. 462 1.25
2020 13 31 32 0.419 0. 406 1.54
2021 17 33 35 0.515 0.486 1.82
2022 14 36 38 0.389 0. 368 1.93
2023 18 40 42 0. 450 0.429 2.17
J3 T Total 105 258 247 3.880 4. 196 19. 00
F-H4{H Mean=SD 10. 50+5. 15 25. 80+9. 04 24.70+11. 54 0. 388+0. 100 0. 420+0. 090 1. 90+0. 51

®2 IIRBBINFEZNHNSHIER

Tab. 2 Clutch size distribution of the reintroduced crested ibis popula-

tion in Tongchuan City

A HB di k(%)
Clutch size Nest number Percentage
1 5 4.63
2 27 25.00
3 61 56.48
4 12 11.11
5 3 2.78
1.2.5 T HF

PR T 40 1T 2 Rl R 1) 40 i o e 329 O S 3R 1

7 LR AN AR N WA (52 %), B LA FE B A 1k
FNEF AN A AR B FET R IC IR R A B A A A
EIFET I O , BOAS BIFFE AR PG 7 B 2 385 .5 | A b
E A AT B A7 16 SRS B R RAE TR, Rk A
FET R BHAEE R (5. 9020. 59)%, W RIASET 2% BNy
(15. 10+1. 51) %, AAFET R B K (45. 10+4. 51)%.
1.2.6 ABARZE

FEVE B FIEAAE 1 50 BT R S5 T 54
FEVSAE Ry G T RAL 0 52 U (5 R
S A /0 b T RO T AR B B R A R
B SRR R . AW R B TR
i B R A AR BRI R S PR DL K BR R E S,
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AL 69 HAYREBL T , A4 032 5Bl ULl 21 & 2 4
B T W, DL A3 530 ) 1 2R RS b B 1 7 HOARE 3
470. 015 3, A EASRNY HRIIR A 0. 75,
1.2.11 AWK EHANL

BN AR BS 5] AFRIEZ 2013 45 F1 2015 443
R 62 HEFRAA, IS BR BF AN RUBh A1, RAF
FEAS R0 N R A AR R b 70, PR AR B v i S 800k
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2 #R
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TEVIIR ARy 69 HEYNETE T , B84 500 A4
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PR N ELIE KR =0. 339 5, FIFRIE K FA=1. 404 2,
ARG R R=6. 256 1, AT I 8] 7=5. 40 a. 7E
WY1 508 HIAEIE T, 100 45 J5 RIEERS 447
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70.930 4(SD k0. 036 6) , % FE FECh 29. 16(SD
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Tab. 3 Population viability of Tongchuan crested ibis population over the next 100 years based on different initial population size

Mean population size(mean+SD)

Population growth rate(mean+SD)

IR TR FlREA7 I
Initial population size Survival probability
14 0.93
15 0.94
16 0.95
17 0.96

457.24+93. 54 0. 106 2+0. 163 5

465. 65+93. 21 0. 106 5+0. 163 1
465. 69+92. 24 0.1053+0. 162 8

461. 67+85. 10 0. 108 8+0. 160 2

2.3 BEABE BT

XA S5 S i sh S S A R I
T, DA S A TR S50 X0 T e oA o i R iy 5 i
WRAE A2 S =[ (Aw/x) + (Aplp) 1T A AL R AL, 50
s A/ AR RN Aplp RES R AL
Ao SRR AR B 5 L AFPE S S S BORBUE 1R

W4,

FE 53 BT AT LU 508 o 5 e A sl A i)
PRI o R4 SRR WY )R B R | AR
Bl AT PR A G T A Ak R o U R AR O 4
FET-H Y B IE 2 R A A S M o LU A SRR E
W, HCR XS R S LA 52 (R 4) o

R4 MIRBHEDNSEFSBREEREY

Tab. 4 Sensitivity indices of different factors affecting dynamics of the crested ibis population in Tongchuan City

28 AL (%)
Parameter Range

Variation rate of population size

PR/ Mg AR SRR

Variation rate of parameter

RABTLIEAL

Sensitive index

+50 -0.524 08 -0.5 0.4616
ISR YN B Carrying capacity
=50 0.51192 0.5 1.013 8
+10 0. 060 95 -0.1 -0.609 5
S FET - Fledgling mortality ratio
-10 -0. 026 40 0.1 -0.2640
+10 -0. 005 03 0.1 0.0503
Y HUFIE 2R Survival rate of dispersers
-10 -0. 026 40 0.1 -0.2640
+10 0.027 34 -0.1 -0.2734
Hr A A S P (5 L Sex ratio of new-born males
-10 0.007 41 0.1 -0.074 1
+10 0. 023 50 -0. 1 -0.2350
A SR I FE AT Catastrophe frequency
-10 -0.005 11 0.1 -0.0511
+10 0.027 14 -0.1 -0.2714
PER Dispersal rate
-10 -0.002 58 0.1 -0.29538
3 i W43 B 48 SR I B — 2 R Ry BRAE > o]
JTE

FRRELEAF T1 53 BT (PVA) 2 ORI AR W) 2 E R T
FEITEZ—, b5 AT H R sh 285 00 i 58 4
T H YR, SR PVA ¥ M8 Vortex 5 1Y
AR — A BEPLE AL A TSR ALER T, Hoar i R IF Ak
JE TR — YR AR 0 B A 451870 Vortex 15
U2 3 2 I A8 DI R 2 PR Ay e v/ i ik ) 41 4
i 1 iy AR (E 2 I TR) Y 81 5080 1) i T B A
A=) AR RE PT RE 23 X B8 R A — e 2 T

U, S TR R A MRELE AT T 20 AT, 3 AR
L5 SRR RE , AN [F) 20000 B B T B0 T B AR A
AR A K A R 24 1 = 52 W) PR 2R A4 T 1 B A
2O T AR D S R B BT A5 2R B
25, ARIFFE— T TR AT BESCEE SR AT H Bn A e A1) A 0
SR, AR R AR VR LR RS Y BOR A — T
TR P B 228 A 3R A0 2 RE BT A b A 5 AR AR A 22
BB, AT AR PR AN A S R R
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