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Abstract: [Objectives] Investigating the dietary information and trophic niche of animals has great
significance for assessing individual quality and formulating conservation and management strategies. The
Crested Ibis (Nipponia nippon) is an endangered species. Since 10 individuals were reintroduced to Deqing,
Zhejiang in 2008, the Deqing captive-bred population has grown to 382 individuals and has now become an
important source base for the Crested Ibis reintroduction program in southern China. However, due to the lack
of effective technical methods and evaluation indicators, the trophic status of the captive-bred population in
Deqing has not been assessed. Consequently, the formulation of conservation management measures lacks a
scientific basis. The isotopic niche, based on stable isotope analysis, provides a novel approach for quantifying
animal diets and trophic levels. [Methods] In this study, feather samples were collected from captive-bred
Crested Ibis populations in both Deqing and Yangxian (10 samples per site) in 2022 and 2023. By measuring
the 8'°C and §'°N values in the feather samples, we quantitatively evaluated the trophic niches and their
differences between the captive-bred populations in Deqing and Yangxian. [Results] The Deqing population
exhibited a similar range of 8'3C values, a significantly higher mean 8'3C value (¢ = 12.94, df = 17.72, P <
0.001), and slightly lower range and mean of 3'°N values (W = 0.94, P > 0.05) in comparison with the
Yangxian population (Fig. 1). Furthermore, the Bayesian standard ellipse area (SEAsB) of the Deqing
population was smaller (1.19%o? vs. 1.77%0%), and the isotopic niches of the two populations were significantly
separated without overlap (Table 1, Fig. 2). These findings indicated that the captive-bred population in
Deqing occupied a lower trophic level in their diet, which may contribute to the poorer physical condition.
Furthermore, we found that the trophic niche of captive-bred populations was significantly lower than that of
wild populations. This suggests that increasing dietary diversity during acclimation may improve
reintroduction outcomes. We recommend enhancing environmental enrichment and management within the
acclimation cage, optimizing feed formulations and loach variety selection to diversify food sources, thereby
improving the overall quality of captive-bred populations. [Conclusion] Overall, this study demonstrates that
313C and 8'SN values for feathers, along with isotopic niche, can serve as quantitative indicators for assessing
the dietary information of captive-bred Crested Ibis populations, thereby providing a scientific basis for
informing conservation and management strategies.

Key words: Stable isotopes analysis; Captive breeding; Reintroduction; Diet; Nipponia nippon

M, S ANRIESASE R R R R K89 (Nipponia nippon) »&F[E [E K

—Z%

Wi, MK LR EM, Y2 R ORY COk
R BRIGE R A 7 7 (Cowie et al. 2022). %
HPRPY" Cex-situ conservation) AEFERRUFNLRY Wi
fES MR TR EE T B, i ER
N R BN TEEME, BRI
BIH, BHE R KROF D ATIE L FEKE R
o SRTT, BT AN TR ETE DA, 13
AMERTURAESE R A, SEREECE R E A
i, AR ANE RIRE S22, VE2 BRI
H DL 2K M % (Fischer and Lindenmayer 2000) .

H AR B A, et BB R R
(International Union for Conservation of Nature,
IUCN ) 52 i ¥ Fh 241 €4 44 3% 51 O W f& 4%
(Endangered, EN) #ff. H 1981 F-AERLIUVE
B R IR RS ET AL AP LAk (BRI 1981),
23 e B L PR Cin-situ conservation), J
AR R R ORI 7 HIEK ) 2023
FH 6 600 KA (BOUREE 2025). FRE ML
ASORI Z W € T sk ORI AN 5 M OR G 5 32
USRS, 7R R ORAP B AE AP RE R [, AR



3 34 DS 955 FRE AR SRR N TE F AR E R LS R - 307 -

PARR I Z MR A CT KT 2004). 2008 4,
W VL AE TS T 3 W ] 20 b 28 el DA % 75 4 5 gk
10 KRS, @7 7 JEHRIT P R bX E A
TAEZEFEE (BEESRSE 2025) o & HREH
EEHR, NIDMHSEC R 382 1, %
JE L RS TLIRAE A TBOH 5T
Tl e FEIGRRYN APREAN BT A8 R AT R
AT 1R R, g [ 5 AR RS AN
R T EB2Y (IEEES 2020, 2023, F
FA%E 2025, HREGEZE 2025). SR, AT
e, H AT KRR N TR B AR E IR
DUAIANERE, BPA TR AR e S AN ) 5E IR
B HEBROHE . LAk, REmEENS
MW BT A E B R LA, U Aol
EOFE R OR R KA E D) Chttps://www.
forestry.gov.cn/c/ww/gkzfwj/272642.jhtml) 4K
2555 48 MR R IR E G B A
Y, RETTRARSSE 15 MRS
BT Hk, EYRETFRBEHA,
S R A R BOR T BORPE 48 b5, € B
AP AL A RE T IR AR AR, A B A0 T
FE IR AL IR AN 15 AR S 4

FPPIROL BRI & 2R AR AR AF AN
¥ (Rushing et al. 2016). & 2427 (trophic
niche) 2 17 & B4 £ % 9 5 FH i A8 & 1 B A
ZHPERIFEAR (Hutchinson 1957, Bearhop et al.
2004, Mills et al. 2021) . H Bearhop % (2004)
P& R A2 A A7 & 4> i (stable isotope
analysis, SIA) FEHREINYIE FRAESLNTT
%E, RsERN RS SE RSO AE)
Vs B ARSI GIRBIESE 2013, EX5%
2017, Han et al. 2019, fEA&EFSE 2021, Xu et al.
2022) o BRAVE A 2 A2 s B AR AT T b
wHMEA R, REkFEIALE (33C) LA
SKAE T 24 (0 T8 B or BN 0 fr R AR
AFEfMZR (SPND FEJFEHEMPR (ND K
B, AT UL ORHERT S BV R T AL R 7R
2 7K*F (Bearhop et al. 2002, Kowalczyk et al.
2014, X% 2015), 83C 1 85N L5 & AT LA

HREER AL 2 AE AL (isotopic niche), N
Mg FRAESMRMET —MEREE
(Bearhop et al. 2004, Marshall et al. 2019,
Bortoluzzi et al. 2021). ASHF 7L H F € R 5
T AR T AR AN R AR RS N T AR
FEMHER) 813C. 8N H RIS ZAESAL, L
BT PIAMEE ZR, BETEI A B
BRUIR DL A E TR BOKF, B TBOR AR 126
A SR TP BT IR AR A R AR
W o

1 BFRFFE

1.1 BRI

T R B LA T A TN T
BRI E AT . R E R A
Hiab g B AR FEE (30°31'N, 120°03' E), ]
2] 36 km?, HoA/KIREA 3.4 km?, RWNLE
5 HRNEER . 2008 5 4 A, WiT4EE S shAk
AR E A SEPANBUATH , IBRTEHEW & 5
S XTARY, 7R IE IR [mE S T K
TLUAR S —/MRRI N TEH R, BPRERN
SRR Tyt R T AR B A M . WA R
RSO R LR FE A AU R 1 R,
HHL AR Z) 2 700 m2,  WRSE P HEAT T AR A
HARIE S, WA, RKEHh. 7R
SRR, 2T Z2ENAWE T, Bk
JEBTIAFE . BHEMER, B —ERAN A
AN THFREEFHAMR, EEREAN TR
TN H BT E R R RN TEF R, N
WD Fh ] g 7 b X 2 RS BT AR b (1) B 25 8
7RSI R .

BepEE AR TEE LA T R4
BE A ZF AT (33°15'N, 107°32'E). EHH
OEAABEEFNGMIE 1B, 5HEARY
5400 m?, MZEPNRIFEEE [T SR PR 1)
BT, BF O S AR T LB SOR,
S (2025). HAT, HEEARRN TIRFEFHE LS
RN GE N FEFRAME N, FRSEEL T RIS
MRS EAEE CRFERINAE M, ik



* 308 - B2 & Chinese Journal of Zoology

61 %

TREHE AR E S NAMEEE L E e N TE
BRG], FFEAMEREEE R . I
KW R, AR B B W R R e 6
( Misgurnus anguillicaudatus ) 1 ¥ Fy B
(Tenebrio molitor) E YA, EAHEEIEN
Hh AR AE K R A,
1.2 FEARE

YA R B[R R S B T 34
EARFR T REREHER, FEPREEFE
MERBTSEPEBEKNBEHEESE R
(Hobson 2005). AHf 5T 2021 4 5 F 1 2022
56 A BIREE T B AEE RSB A I 25
FEN % 10 RN TARFRAMERIA A ES 1 A)
25 KPR 2 em AEAS . PINEE 1 MORT2k KRN
RESHI PP B N — M AL T I
Wk KPIZ I, BTHL 2 om ASS 540 AR 1))
ITHETT - ¥ BTEL 20 40 B BB N[5 B b
WS EMERES .
1.3 BRI B MR E RAL RS

BN LR AR AE AT R g R AL A 2
BT, ESEEMATIAE. PR TS
XS (2015) FZ4koR%E (20160 4511
Jiide ESRAEERE T, 8 A LA S
FREEARRLE AN 2 1 1 IR A RIS VORI B AR S
PLEBRPI BRSBTS Y. 2 )5 BT I8 X
HHHR N AT 48 h E1HE, e FRENET )
VP EREBIRE, HBN NG, KRR
FR-FFEAFI (Cherel et al. 2000, Hobson 2005 ).

R [F) A7 2 A 7E 0 [ o} 25 e s A e 7 e
(A2 R ZAG I SE 36 =T . 2N
B S (0.15 mg) 7ETLE 53 T4 (Flash 2000,
FEBR G R B, MEEAKRMD L1800 °C
R LI A2 e A A AR, AR5 FH R 2
BT HEAX (253 Plus, FEER KHH/RFHE, MEEA
SKAF) X FEAER) COp A Ny SARHEAT 4047, A
frEREEET LN ARIFEIFR RN §5C
8N: 8X = [(R /R ts)—1]1 000%0, HH, X
FRn BCEL N, R e K nFE il H 13C/12CL SN/MN
ItbEe, R weMWAEBRSE MR, AIRALE

FEEFRAEME, 3C [FIf7Z b ZE bR 5 A 1
PR iR Be 21 23 [A) A 2= 9 56 2 | 4 1 bR AE )
Vienna Pee Dee Belemnite (V-PDB), N [FJ{if
F R REY R B No-atm CRAH A,
1.4 BAESH

B SR Shapiro-Wilk #5650 IERK . ZH]
RREIR R G RIES . & RIES A, W
FIFHBOSIREA ¢ K58 0 A A Al E B ARG N T
TRIFEFREE R BRI 813C, SN H % 7 8
F1 HARIES AT, WA Mann-Whitney
U K5 . PPN 5 ATy B AR RGN TR R Fh
MEFAESMZES, AUFARETHEEAN
313C I 35N H, ffi fHl R 4.4.3 1% 5 (R Core Team
2024) ] SIBER B.73 73 i+ 5 1 e [ (o 3%
AT Z AR (convex hull, TA). &
TNFEARRIE PR HERR R AR (standard ellipse
area corrected for small sample size, SEAc) Al
FET DU b o 7 A B 1) DL e B R AV [53] T
A1 (Bayesian standard ellipse area, SEAp, F/~
RHALEL + 95% MBS X IR, (A A A
T AR IR T R WA SR . o,
TA AR T BE FTA FEA I S AR br i 3
1 (SEAC 1 SEAR) LT 40%HIFEA Kid
ST %O AL R AR S AL B B B A
TR AR [ AR PT AL, T DUSE B0 b S B A
[FEFEERT GRS FRAESMRTEE., MEAES
IR (Jackson et al. 2011, Mills et al. 2021),
RVEOY A RS B R S Y SR I 2 FEVERIVE 7R 4
ZE At TAKYE . BT A AR S i 2 B3 (e
R 4.4.3 (R Core Team 2024) F1i3t47, &E MK
FREAP < 0.05, R RERRFHE +
PR 2 o

2 4R

2.1 FEERAMERFEMREER

s RO R LR 813C AL TE A
—19.41%0 ~—18.35%0 (##: 1.05%0, n=10),
SN M (AL TE A 6.53%0 ~ 11.31%0 (H2:
4.77%0, n=10); VEELRRIFPEEN §1°C HIAE



3 34 DS 955 FRE AR SRR N TE F AR E R LS R * 309 -

TG FE N—21.02%0 ~ —19.84%0 (H2Z: 1.18%o,
n=10), 8N A FIZ4LEFE N 6.49%0 ~ 12.02%o0
(REZN 5.53%0, n = 10). L §3C {H, VN
RN T 22 S 0K, SR BT FR R RS BT R FH 1Y)
VM EAEAE R A 2 7
2.2 313C A SN KA EEIR £ R

TIE R RGN LIRFRMAEER 81C FIME A
~18.72%0 + 0.31%0 (n = 10), 35N “F¥E N
7.95%0 + 1.37%0 (n = 10); VEERRY N TA4E7%
REGFRHER 8'3C “FIIME N-20.63%0 + 0.35%0 (n
=10), 8N “FIIME N 8.77%0 £ 1.72%0 (n=10).
AL F e B RO N T 2 M B, (ISR T
SBCHEERK (+=1294, df = 1772, P <
0.001), 3N AEAHXTENN, BIfEFFARE (W=
0.94, P>0.05 (& 1),
2.3 ESCERAESA

EEAEREY S CYNNRGE S SN TS LYN
THAFEREEFRIS, R BT A (TA). FET/FE
AR IE bR ERG I T A (SEAC) LA blmtHi
FrUEfG R T AR (SEAR) ¥IMIX BN (£ 1, B
2, 3D, MbAR, MEHEARS IR [ 2 s AE A
(SEAC) i, fliE A B4 ss N T Ah

<
o L P<0.001

—18.5

—19.0 -

-19.5 -

51C (%o)

—20.0 |

—20.5

-21.0

1
#5375 Deqing HE Yangxian

R R A S E RF S, KAERES,
BRI R 3R A2 AL 15N il B4y B
W TS MR R R AR AL (B 2D, 1%
45 R Bk — 0 R WIEE AP B AR RS N AR SR
HE R E TR LA R BT M I R ) B3R 2 AR
HFAEES

3 Wie
30 BRERMERSTERAREBHELENE
bk

BRI RS (SIA) HARTR 7144
BT 2 B, TERE S B YRR S
J5 T EAG B3 (L3 (B8 5F 2003, Hobson
et al. 2012). A FFIH SIA K53 Hr 7 A A
Hh DX 2R BG N TARFR MR MACE B AR §13C.
SUN MH K A ST . HREW, 5
PRGN TR TP R SBC R A W3 2
R, HIRALRAESAAE §13C S LA B W 55
5, WHES. RENRFERIET 4%
AR EER I B B & 8 R E
&3, Retis sl 0 B KR H (Post 2002)
Rk, 8BCEMFEMRESMMENER S

P>0.05
12 -

11

5N (%o)

L .

# B Yangxian

i35 Deqing

K1 EEREEREATFEFMAENER 6°C (a) HMNHE (b) L&

Fig. 1 Comparisons of '3C (a) and 8'°N (b) in feather samples of captive-bred Nipponia nippon populations from

Deqing and Yangxian
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Table 1 Isotopic metrics for captive-bred Nipponia nippon populations from Deqing and Yangxian

[RIi. ZFE¥5 Isotopic metrics

fi57% Deqing VEE: Yangxian

313C (%o)

315N (%o)
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DU ST A 5 AR
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7.95+1.37 877+ 1.72
2.60 3.25
1.44 2.08

1.19 (0.62, 2.41) 1.77 (0.82, 3.37)

Fo5 R R 95%E /S X (8], Values in parentheses show the 95% confidence intervals.
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Fig. 2 Isotopic niches for captive-bred Nipponia
nippon populations from Deqing and Yangxian
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