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Abstract: [Objectives] The Red-crowned Crane (Grus japonensis) is listed as a National Class I Key
Protected Species in China and evaluated as Vulnerable (VU) by the International Union for Conservation of
Nature (IUCN). It has maintained a small wild population in China due to the deterioration of its natural
habitats. As an important migratory stopover site and the second-largest wintering ground for this species in
China, the Yellow River Delta has witnessed a continuous increase in its wintering population size in recent
years. Understanding the genetic characteristics and diversity of this population is crucial for implementing
effective conservation strategies. [Methods] We employed a non-invasive sampling method to collect 264
fecal samples of Red-crowned Cranes from the Yellow River Delta National Nature Reserve from December
2021 to February 2022 (Fig. 1), and extracted DNA from 127 samples. Individual identification and genetic
diversity assessment were conducted based on seven microsatellite loci and the mitochondrial Cyt » gene.
CERVUS 3.0 was utilized for individual identification and calculation of genetic diversity parameters,
including the effective number of alleles (Ve), observed heterozygosity (Ho), expected heterozygosity (HE),
polymorphism information content (PIC), and Hardy-Weinberg equilibrium (HWE). GenAlEx V6.51b2 was
used to quantify private alleles, inbreeding coefficient (Fis), probability of identity (PID), and probability of
identity among siblings (PIDsib). The population genetic structure was analyzed via Structure 2.3.4, and the
genetic differentiation index (Fst) and gene flow (NVm) between populations were calculated. Mitochondrial
genetic diversity analysis was performed with DNASP 5.0 to calculate haplotype diversity (Ha) and nucleotide
diversity (Pi). A median-joining haplotype network was constructed by POPART 1.7. [Results] Individual
identification confirmed that 127 samples originated from 115 distinct individuals (Fig. 2). A total of 60
microsatellite alleles were detected, with Ne ranging from 1.640 to 6.414. The population exhibited low
genetic diversity, with Ho, PIC, and He values of 0.617, 0.578, and 0.628, respectively. Its expected
heterozygosity was significantly lower than that of the Zhalong population (P = 0.002), but not significantly
different from those of the Yancheng and Hokkaido wintering populations (P > 0.05; Tables 2 and 4). The
population showed a high inbreeding coefficient (Fis = 0.128). Cyt b gene sequences were successfully
amplified from 53 samples, revealing 13 variable sites and 12 distinct haplotypes. Haplotype diversity (Ha =
0.756) and nucleotide diversity (Pi = 0.001 92) indicated low genetic diversity (Pi < 0.005).
Microsatellite-based population structure analysis divided the population into four subpopulations, while the
genetic differentiation was minimal (Fst 0.020 ~ 0.056, Nm 4.198 ~ 12.329; Figs. 3 and 4, Table 3). The
haplotype network constructed from Cyt b sequences showed no significant intraspecific genetic
differentiation (Fig. 5). [Conclusion] These findings suggest that the wintering population in the Yellow River
Delta exhibits low genetic diversity and a relatively homogeneous genetic structure. This study pioneers the
use of fecal DNA for individual identification and genetic analysis in wild Red-crowned Cranes, providing a
methodological application for genetic diversity assessments for wild Red-crowned Crane populations and
other endangered species.

Key words: Red-crowned Crane, Grus japonensis; Non-invasive sampling; Fecal DNA; Microsatellite;

Genetic diversity; Individual identification
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%% ( Grus japonensis ) )& #5 JZ H
(Gruiformes) #%} (Gruidae), s&FR[E—E
R B A Y, R E R ORI
( International Union for Conservation of
Nature, TUCN) FN 5 e, FHITESFEE
G N B UEFREERIRBS AP, JLrh, Ry usRhEsy
AifE HAACHEE L, ATHE: KEGTHEREE
F B R AC AR S e AR X S, AE
FE] 2R ARV A~ 1 = )\ R Mk &, A2
] R0 28t = VTR S Ll AR B ] = A M
AL TR A=A E KL EH AR RS X (Su and
Zou 2012, RIS 2021a, b) o Hrfr,
“AMBERRY X T 1987 S0 3 2P TS
KK, 2016 i BN AEE 137 K,
2021 Pl ERAMEEEE L 340 K, SN
] A 5 KPS R A b

W JUAE, R AC P THUS e i 2 A7 1
K, EILERAA ST EARORAERU, B A
FREV AT 15 7™ 08 J2 By (Li et al. 2020, Wang
etal. 2020) . WL ZREVE RPN IE AT
AR AR AR RE JT (2R, RES IR BLRRHE N
R R FERE, EHEYF R 2K
HE (Neietal 1975 o FEFddEsiEbric )
BT 048 4550 VI 22 W06 400 1) 288 A% A U 1 Ay T
RE,  CAER ] S b N 18 A% 2 A AN 22 AR VERIE 7
AR T KA (Kirk and Freeland 2011).
LERifk DNA (mtDNA) EAG B} RIBALKHIE,
Horr, Cyt b FERIEAGE R, AT USSR A
S R IEAAE B, 2 e Mg A AN
RAYRE I 4T FRid (Tamura et al. 2013).
A A i PR G v 2 22 28 P MM P A 0 7
I, RSB IR AL S R RS AL 2 R 5 T B
ZAL# (Mihailova 2021). 456 %Ml AN
HBHEIE AT LU HE R AAMA, N IT MR ZKF
HI AT TR B AT

KIARLR,  BRAa i i DR dr gL 22 A 7
it 2 2 2 L Y S5 A AT A ot e DR I AL
e MEKAE (non-invasive sampling) &/ T
P A 2K zh ) BY A) 3R BORE h (Morin et al.

1993) , SEIGAPRMEFEPIE . FEMH A 00 5E4E,

AT T PRSEsh AR AL 7 Horh,
FEAH A B0 7 HE 5 A4 i B Tt 7% b Rz 4 L)
DNA (Kohn and Wayne 1997) , A A3k
H B PUE. SR ZBAERERA, B
BRI H T KABESS (Ailuropoda melanoleuca)
([ FEFESE 2023) M EF (Moschus berezovskii)
(EEEE 2024) SFMALNREF . HEKE
HAGTERE, HAEE TR, Wi b A v
Bb, HIER BN T T 5EH DNA (XN
S 2021) o JiAh, MIFESEPIREUNEL DNA £7
EERAR. S PEMRasin) &,  Forb () A 4 B
Al RERZA J5 S IR G e U S (PCR) . 7R T
IR RS R, KRR AT RE e FEUE R
SRR, TR SR 45 3 (Taberlet et al.
1999) o FFHRR T AE IR B K,

FE{E T DNA 35 Y BEf mT et s K. R’
EA R IEFERE S H T (Tetrao
urogallus )(Haider et al. 2025) . K (Otis tarda)
(Broderick et al. 2003) %5 &K [1)stfL 4 it
FL, W T AR & —— RS SR B IR R
WA HIE .

AW FEIE T SCHRIE R 7 MU R A, X
BV = A NP TS R AP AT MR S e, DA
R R PR AR SS B T P A AR IC T AMER
AATATYE s JFRES & ARR > T hRid T 1A%
ZREE AT, RFCZFIEE ) EE 2 R K F
FERIB AR S5, PTG B s A% 5 B AR bRl 2
okl

1 SERHE

1.1 BFFAHSR

AT TR R T LU R A8 T 1L 2R 5]
“HIMERYARRI X (37°35'~38°12'N,
118°33" ~ 119°20" ED. iZ ARy X2 [E = K]
H=Me—, s Jevb AR T B #
AR R, B R R R R B A, A
SEESIRAE 11.7 ~ 12.6 °CZ1A] o iZARF X K
TR 8ZE (Suaeda salsa) MEFIEHLANTR 04
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B3 9P TS I A FHBk A At 1 A AP L
TSI 98 A A ORAP DX GBR AP THU RS 2 S 3
Bk % ME IR W R B JE B ( Helice tridens
tientsinensis) FMEREEIS, WA ERERTE I
I,
1.2 FERKREM DNA 2

ARBFGET 2021 45 12 %2022 42 H, £
Ll ZR BT = A I X ) 1 AR PR X T b R X
T P TR SRR AR LA . B ARAELR
PN HEAT AR, B R BT TS B R i 2
Ab 5 e T 1 AR A, R A B
B (8 x 42, J7INHEECHABHEA R AR M
LR Iz 45 JE E MONARCH 82ED-S, 20 ~ 60
W, JERRMUGA AR B (R ED A RA R
TS HHATIELL N, WS, WA PHIIES
JETEF AR, AE X — I RLA ) e
KB IR (B Do RAZEER KA
DNA #2EUR7 & (DP328, RAIRAEMRIF AR
PP AS S 4 JE K 2H DNA, A8 H B AR b
JBE I L K AT I E ) 2% 1T
1.3 WhhE

HY AR, AR A FELPF TS P A BN SR
CAS AT TR 2 o F T 1 T 32 LA g
DN VE Y, HIEZ MR, Tl E K
JEAREE ) (B 1o T HEBRHABES S, s
(Leucogeranus leucogeranus) 520, FF5hiE
AR Cyt b FERY GHATYIF S E, ¥
S5IMIFHIN F: 5'-AGG TTG GCG GTT AGG

GTT C-3', R: 5-CTA CTA CTA GCY GCA CAC
TA-3" (Y Mfaidfodt, fAF€ C 8 T). PCR X
BAERZRN 25 W, A 12.5 ul 2 x Tag PCR
MasterMix. 0.75 pl IE& M54 (10 pmol/L)
F1 50 ng #H DNA, ddH,O %M Efk % . PCR 2
NN, 94 °CTRAEME: 5 min; 94 °CAEME: 30 s,
55 °CiB“K 30's, 72 °CHE# 30 s, 30 MEH;
72 °CHEfH 10 min, 4 °C{RA7. ¥ WMLk
R F B ARSI 4 o B e i b SR E 4
AR B HEAT UM . FIF DNAstar 246 1)
SeqMan X3 /75347 N TR HPHE, 15
NCBI H % H BLAST EexhZa6 U 7771 5 250
[FJJR 7 BT LU, W e FEA KR IR o
1.4 EEG R RO B RS T

FHE SCik1d % (Hasegawa et al. 2000, Sun
et al. 2021), ik 7 X+ LESI9H T 7+
BIPER I  (R D, FA519) 558
7%t (FAM. HEX. TAMRA) #47#5ic. PCR
Pk RN 25 pl, 12.5 pl 2 x Tag PCR
MasterMix. 1E&[A514) 0.75 pl (10 pmol/L).
DNA 50 ng. dd HO #h @& &R KREFMN,
94 °C A 5 min; 94 °CAEE 30 s, AN IR
Bk 30s, 72°CZEfH 1 min, 30 MEH; 72°C
ZEH 10 min, 4 °CIRAE. F = WIEAT 1.2%3%
JEHR R P PRSI, o H BB — B R 2R (R
an ik B AL R A YR 2 7 AT — AR R B
#HHJFH| (short tandem repeat, STR) ZE[H 43
A, KM CERVUS 3.0 #fF (Kalinowski et al.

Bl RENXRE () BRFATHE (Grusjaponensis) ZEFREM (B)

Fig.1 Sampling environment (left) and fecal samples of Red-crowned Crane (right)
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Table 1 Information of microsatellite primers

L/ S k712 R 1B KIRE
Primer Primer sequence (5'-3") Repeat motif Annealing temperature (°C)
GI1430 F: GGTTTGTAGGTCGCCCATTA (TGCYTGGTGO) "
R: AGGTGGGCAAAATGAGATTG o
F: TCTGCATGCGTCCTGCCTCCAAGA
Gj-M13 (AC)10 60
R: TGCCTTGCACAGGCAGGTGAAATG
F: GCCTGTTGCAAGAACACAGA
GI2298 R: GGAGAAGTGAAGGGGAAGGT (CTG)s 60
. F: TGGGGTGCAGTTCAAATAAGCG
G-Mlla R: TCTGCATCCAAAAAGGACATGC (CAn2 60
4 F: TCTACCAGATATCATCAGAGCTTGC
Gj-ML15 (CA)13 60
R: TGCGAATGAACAGATGGCCCCAAGA
F: GGTCCCTTCCAACCAAAA
Lia20751 GGTCCCTTCCAACC (TATTC)y4 56
R: TAGCCTCTACGGAAAACAG
F: AATCCACCCAAATTAGAGCAAG
Lia29562 ATA 60
& R: GGAAATGAAGGTCCAAAGAGAG (ATA)is
2007) TFEFTEREAR 7 MR R SR B £ FERFIEZESE

FEME 250, BHEA EALEE R Ceffective
number of allele, No)+ WM ZEFE (observed
heterozygosity, Ho)- HAHE A E (expected
heterozygosity, He)« % 27 12, & & (polymorphism
information content, PIC). M5 it-Jiz {7 k& 117
(Hardy-Weinberg equilibrium, HWE). f#
GenAlEx V6.51b2 5 i A7 & K £ (private
allele) }2 i %8 % %4 (inbreeding coefficient, Fis) .
KA Mann-Whitney U #3645 4B 72 15 44
ZACS AN [ P TS AR R as AL 2 H0dE AT
PRI LLARE,  REVEARCT a=0.05.
L5 AMERG
AHF LM% FH GenAIEx V6.51b2 115 2 AN
[ >4 R R HH [F] O M2 (the probability of
identity, PID) F1 2 /MAIJOC HR A EE R AH
] I % (the probability of identity for siblings,
PIDsib), PID /T 0.001, H PIDsib /T 0.01
B, FFE MR IR 2SR (Waits et al.
2001) o %A CERVUS 3.0 E4REE By
VLR )RR, DLHEATAMAIR T . ASFRIRE SR
H Rl —AMA R B S U e A S DR AR o )
FE DRI R ER AR [R5l R A — AN fr b — AN S5AL

L6 FHEBLEHOT

KH Structure 2.3.4 (Pritchard et al. 2000)
BAR I AP TR B AR AL S5, 6>k ik (R 2
BEATREALAAE, B IMAR TR # K
BT ERERN 2 ~6, AN KHEZ 10 X
BEATHFE . 7E STRUCTURESELECTOR 3

Chttps://Imme.ac.cn/StructureSelector/) 115

i K {8 (Li and Liu 2018) , {#F pophelper
5 H Q MiFE (Francis 2017) . F GenAlEx
V6.51b2 BEAT AT ARARIIT, JRL ] T ALAR
7871 (principal co-ordinates analysis, PCoA)
LOSN S P i 2 AT NP P g - R
[FINERE] . AR B A TR 2 (Fsr) 5HER
AE (Nm) (Peakall and Smouse 2012) . Fsr <
0.05 R ED UL 0.05 < Fsr < 0.15
REBL I RE TS Fst = 0.15 W3R
WAL R . No < 1 JUIREEDRIAL, RWIHE
R L2 IR 1 < N < 4 N EIE N =
4 AR, AEEIEEAZRARR 787> (Todou
etal. 2013).
1.7  SoRLkEAE SRR T

M MEGA 6.0 B AF2EAT P A1 LEXS (Tamura



4 1t ZEHR L. JE T 24 DNA PR3 ] = Ff 0 PR TS R A A e AU S gt A 2 R 4 Hr . 569
etal. 2013) . K] DNASP 5.0 HATHEMEEN  REEEN 9.45%.
% 548 B A7 52 (number of polymorphic sites )+ 036} o MABUIER
Probability of identity
12115 B AL A (parsimony informative sites)- g;ﬁ_ . AR
B —AF A7 & (singleton variable sites). HLf% _g: 02l ?;f?f‘bt}iiggs of identity
HE & (numbers of haplotypes). A5 L FE é 0.20
P (haplotype diversity, Ha) SHZEFRZ M gom
(nucleotide diversity, P;) (Librado and Rozas ® g' (1)2
2009) . {§iff] POPART 1.7 #(fFHH Median 0.04
0.00

Joining VL2 FE RN B, BT B AN A
{50 2 a3k 5% &2 (Bandelt et al. 1999) .

2 4R

YiFh %5 BAME RS

FEB =M FEERE i, JL%E
HPF TS BEAEAS 264 17, $REUFE(E DNA Ff
A, H 1272k CRTEEET 300 HE
HHAT PCR A3 80448 o xof PR 73 28 2 SR AT Ll
ARG IE, %82 &M B A 8 K/MK 38 i
TP A PRI I PR A s s, 4T
AL SHEIET] 6 I, 2 ANAFEAMAEEERAE
F MR (PID) N 1.0 x 105, 2 ANEJESE R4
PRIED LA A %% (PIDsib) A4 8.8 x 107,
M DA S HGER] 7 I, PID A F RN 4.1 x
10, PIDsib {H FFFA 5.8 x 107 (] 2), 3T
7 AR BRSSPI SRR, 127 13
TS SR P D) 28 115 RAME, =R

2.1

1 2 3 4 5 6 7
SUB 550 Cumulative number of loci

K2 7R EEARAMERAIBR LR
Fig. 2 Comparison of probability of identity across 7
microsatellite loci

RELNBIMELL, 435079 0.01 A10.001,
The dashed lines represent the threshold values at 0.01 and 0.001.

2.2 T EERRSE S ST

7 AN AL s LA F] 60 AN S A FEA
A BB FENHEL Ne 7 1.640 ~ 6.414 2 [8] B4
THEAL S I A A B (Ho) 2N 0.277 ~0.881,
WA (Hp) N 0392 ~0.848, £&5ER
& (PIC) N 0.354 ~ 0.828, “F-XMM 444 7
PRI A T 2 S E RS = A
0.617. 0.628 1 0.578. 7 Mkt 5 MR
A 5 A - AR T, 1A 535 R T S -R A
MVl (R 2). I3 R Fis N 0.128.

F£2 FHE (Grusjaponensis) 7 M TEDL S KB AE L HESE

Table 2 Genetic diversity parameters of seven microsatellite loci in Red-crowned Cranes

R SRS AR RGO WIERGHE ZHGEEEE WA EREAAER R
Locus Number of  Effective number Observed Expected Polymorphism Hardy-Weinberg Null allele
alleles of allele heterozygosity — heterozygosity information content equilibrium frequency estimate
Gj-M13 6 2.770 0.881 0.642 0.568 ok —-0.1809
Lia29562 14 6.414 0.552 0.848 0.828 NS 0.202 7
GJ2298 12 3.336 0.780 0.703 0.654 ok -0.0757
GJ-Mlla 7 3.064 0.379 0.677 0.617 ok 02819
GJ-M15 8 3.097 0.864 0.680 0.623 ok —-0.156 1
Lia20751 6 1.827 0.587 0.455 0.404 ok —0.1572
GJ1430 7 1.640 0.277 0.392 0.354 * 0.167 6

* P<0.05,

#% P<(.01, **P<0.001, NS. JTC&Z M No statistical significance
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2.3 BEEEESMS T

BT I i B ER R R, KA 4 115
BRI IRS, BIAEE N A — B R,
B 4 MUK, 95N Popl ~ Pop4 (] 3),
BT A BE BN S g AT T FARRR AT, R
4 AR MM RS (K 4), WHEZ 47
TERCR MR VAN B )35 4% 2 4
. (Fsr) 5XHRRE (Nm) (K 3), H Pop2
5 Popd W2 [0 Fsr{EN 0.056, NHEEFEE
WAL (0.05 < Fsr< 0.15), AR
AL TR BN (Fsr < 0.05), FERIE
K (Nm>4), BHREREAZR A, Bkt
FERERAR. 7€ 7 MRS EIEImE 18
WA SRR, SEHE GI2298. Lia29562

Al Gj-M13 =Mz i b, Hid Popl A Pop2 %%
A 5 MRAHZENIFER, Popd H 8 M S Bt
A, B ENE T PR IR A7 78 L R 280
24 FET Cytb EHFBHEE S ST
BRI 53 43 PSR i) Cyt b BE R A B
BATIT B3, AU BN 792 bp,  Haill 2]
13 NRAR A, R 7 AN AR AT,
6 IMETLIME B . AR R ZFENE Ha M 0.756,
HAFBR Z REME PR 0.001 92, 3E5E X 12 Rl
R, HERIE (K5, KILEZrb
¥ 53 o o rp LAY Hap 1 AT Hap 2 /5 b (Bt
67.92%), FEAbT WL B A E] A B, HED A L
BURIA AL BRI —AN IR ARAG I 3 1)
W, AREABE EAEE AR AR,

mPopl mPop2 m Pop3 m Pop4

5
2
£z
o
§
=
|
Popl Pop2 Pop3 Pop4
AV #¥ Subpopulation

A3

NHERRGR (K=4)

Fig. 3 Genetic structure inferred by Bayesian clustering analysis (K = 4)

P AT BLARRARR — A, AR LU R s H SR T 8 A R

Each vertical bar represents one individual, with the colored segments showing the estimated probability of belonging to each genetic

subpopulation.
~
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z * SN A % ~ * Pop4
1’ A A X A P
#
H

FAEFR1 Principal coordinate 1

B4 EWM=FHWM4 AT (Grus japonensis) YRR FEAFRIHTE R

Fig. 4 Principal coordinate analysis (PCoA) of the four Red-crowned Crane subpopulations from the Yellow

River Delta
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R3 HN=AM 4 NFITRE (Grus japonensis) W2 [8] 81 0L B H HiE
Table 3 Genetic differentiation and gene flow estimates among four Red-crowned Crane subpopulations from the

Yellow River Delta

Popl Pop2 Pop3 Pop4
Popl 0.000 10.861 7.817 5.775
Pop2 0.023 0.000 6.540 4.198
Pop3 0.031 0.037 0.000 12.329
Pop4 0.041 0.056 0.020 0.000

XL L AR RIS 7 FE L (Fs)s XHAZERERIRE (Nn)o Popl ~Pop4 Fox 4 MR,
Values on and below the diagonal are the genetic differentiation indices (Fsr); above the diagonal are the gene flow (V) values; Popl ~ Pop4

represent four subpopulations.

Hap_ 12

10444
10 samples

()

144
1 sample
@ Popl
O Pop2
@ Pop3
O Pop4

Hap 9

Hap 3

B 5 BER=FAMITE (Grusjaponensis) K] Cyt b 3t F Ef% R E
Fig. 5 Haplotype network of the Cyt b gene in Red-crowned Cranes from the Yellow River Delta
FRTAR AR BN AERY, SR RELR 2 ) R BECRAR AR IR B, Popl ~ Pop4 KR 4 MIERE.
Black dots represent undetected haplotypes; the number of line segments between connected haplotypes indicates the number of mutations; Popl ~

Pop4 represent four subgroups.

3 Wie (Sittenthaler et al. 2021) , FEARFFIH, A

SEETEARRHE, REREWNE IR LIRS

VFZIEMEER D, EIIRM. A5 FEDR 4 B R D) #5H0 DNA i .
IRPUBFEREA . R, 7EPRE R AL B o+ AWFFERE T 7 D TRREY R RN
AT, BRI T A R AR oo X127 Gy PHESAE AT IR, RS E
BUEBFEAR BB B AR IEREE 115 RAME. FHESRNIERE SR, HAMARIR A
A DLEEAS BB s D (155 L T S 8 BIAN [F) 28 SO Zh S W 3 ZEARORUAL G A AR AR B i
RURIRE 34T 85 A5 20T o (B 3518 DNA FEAR o 308 I A 1 SR o A )RR,
BEATHER AR R, 264 DNA 5 &A1 51 REfe A e it F R, MR FREER
S 1 43 B R PR % 7 VR N I B R R ANV MK BB AR 2SS0 AT DA BT A T
(Schultz et al. 2022) . FFFTR, FA7FEF G VAR I A B R

RS2 BIFEA AR BGAF G ROR R, FF WAL ZFEIE KT R E T A2 15 RES K
A B R R A 2 52 e 3k TR 43 B R T R AEAE TN . AR 2R Hy AT
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fR 2 FEPE PR TR PP mDNA 8678 T4
ARG AL AR B by, i 2 p
PSR T B P LS AL R LA A SR
25 1 PN OB TR AR, AR IR 22 R 1 U
AT 2 2% 7 81 18] 1 B0 B A7 o5 A% 17 R 2
R, FEARKBREBKRETE GuFE
2025) . Grant A1 Bowen (1998) ‘A&, Hs>0.5
N2 R, P> 0.005 ARZHRZ
PEo AT R TR, S = APPSR A
FHEER) Ha ol 0.756, P24 0.001 92, R2IHLHE
BRI 2 FE R RAR TR 2 R PR 2. TERA
AR, EEIRE AR B M TR S
FEMEN 0.006 0 (Ponomarev et al. 2004) , b Fr#S
(Antigone canadensis 1% H TR Z 144 0.008 7
+0.005 5 (Phymer et al. 2001) , SiXPiFhfsss
AHEL, BB S = A T TS R A A 2 H
BARMIZ R 2 FE K.

MMAE R HEREENZSEESE
A i R B 2 R KCF (1) L 4R AR (Nei et al.
1975) . Z&MEESE (PIC) HlE RN
I 2 REVER T, RIRS Sl 1 4k T A7 A5 A
TR 2 RE KT, PIC KTF25F 0.5 Ui
DR a2 A, PIC A 0.2 £ 0.5 208
MR EEZ A, 24 PIC /NPT 0.2 IF A
ELEM (Botstein et al. 1980) . ANHFFT ATk
PR P EAL s PIC ¥R T 0.25, R AHE
B A . B = A I P TS R AR R
SERI A AN 0.617, FHIISEEE N
0.628, ‘FHIZHMEEEEN 0578, M

BERTIIMEARE, BIFEELE Tk B
R, "R S TSN IERAALE . FERL RS K
B (Fis=0.128) EHFA K. {EZ A
W, SN 6 AN T ELTT I3 IR X P TS
AR REE ZREE S, RGN
SEESEDNN 0.768 F1 0.721 (Sun et al.
2021) 5 LR X SIS E A, BRI E R
INFREEI IR J2 & FEAE 0.800 ~ 0.833 2 [A] (4
Z13E%E 2007) ; Hasegawa %5 (20000 NHA 7
AN AT ST S P T L R B A
FEN 0.482  FR [F 5] = A NPT TS B A DL I
W A (He = 0.628) B Z T FHE (U
=2.000, P=0.002, r=0.750), 5 EhIMkAFd
B (U=18.500, P=0.074, r=10.496) MHAK
JEiFEME (U=8.000, P=0.123, r=0.428)
TREFEER R4, GEKE, B =MAINFT
TS B 2 PR BB 2 ARV T UK, X
HEhifk Cyt b HE 751 HIHF AL 45 R — 5

T RN RAR, A2k Bk J1s2,
FEBRAR IR D, TR A B it () 25 PR Y 43 A
AR BT GG T - AT APl . AR TR 6 4
A7 5 5 P Tl R AT AP AT, S BU I R 5 A
A B A TE RS R A AE 5 S T 55 o7 JE RT3t
R, BURBERNAAEIERENLACHC . FER R
A7, HAREFESE (Salanti et al. 2005) o JHAME
AT REAR KA PRI S, SRIRT — A WP TOUAES
TR AT BRATLE LA ERE N AL TS S 15 L
WA U RAE TR G KRB Z M, FTRE
2 3007 I A R AT RSP AT (Liu et al

R4 AEFTE (Grusjaponensis) FEERIE~EFSE

Table 4 Genetic parameters of different Red-crowned Crane populations

LR X R

T = A A A IR Jhalons Nature R i JeiER
WS B CRIETD Yancheng along aturc:ﬁiserve population Hokkaido
o Yellow River Delta wintering ASLLARSE 2007 population
Genetic parameter . . lati
wintering population population (%5 M # Hasegawa et al.
(This study) Sun et al. 2021 wild Non-migratory ~ Captive 2000
WA o
Wil e , 0.617 0.654 1.000 1.000 1.000 0.474
Observed heterozygosity, Ho
WA Ju o piE
MRAaR 0.628 0.768 0.833 0.800 0.810 0.482

Expected heterozygosity, Hg
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2013), GO SEAEAA P KA TE G e - SR AT R~ 1l
T, BEUR N ISR S R 2 B PR & IR BT R A
AT B, 3 S SRR S 2 R
FRARAIA AR (Wills 2007)

TR )5 45 73 AR (Fst) RERR (N
SV PP AL S M E B S S = A
FHUESERAFRRERT LRI 402 4 ASERE, HEARIE
WAL (Fsr) YEHIA 0.020 ~ 0.056, &
R (Nm) (ETEHEN 4.198 ~ 12.329, W2 [H]
(PG 7 R FE UG, AR BOR B BE DR A i -
FARR AT RBP4 AN EERAMA
TEAEAE IR A, X Pop2 A1 Pop4d 2 [a] {38 4% 4y
ARNT K o B S5 A7 FE (R E 25 W N AN 24 f
A, BEEHTE 3 AM A L, X5 R A
A S B M A R R R AR A R —3. &
HB R RN TR, (1) FFIRS R
A bR B AE TSR, ST = A R A (P
THES 3 Bk {3 — AN ST (2) FE =AM
PSR H 2 DK ERAHR, RE KRR
B, FERASRLR RS thAh, FHTE A
Tl REE B0 20 0 28 ] oA S 0 ) B S ) P 3R
e, S WHEEARRIR, HENFTHE2H
TR, LR 4 A S B0 AN 1 38
fE L5 AR

SR BRI, BRI = A NP IO R A P A a5
FE ZAEPERUR, Tl T 25007 A 0w 9 PG iR AH
M V1, FREEANEE N 4 ADNIERE, (HisE 1k
FRERAR. FEUSHME Z I E) IR AT se 5
I BAPPE g S A DG, 9 T B A AN B
R SR T 8L AR F A 2 (Hunter and
Gibbs 2006) o FUHN5E BT = PR AT S
HEE 510 0 B X AR TAE, Gl 5
PEAG T SRR, B DR A A7 PR U5 A2 DA S P i
FREiK, [FR, B FmsEx T AEmE A
PSR, (kTR R 1) SRS BRI (R 32
Wit Ja SR SRR AR SENE, FERI 7 s
WCHRESEG R R T, DU AN [F) 1 Xk A
B A, 3 — D TR B A P T P
[RIPK SB AR S LR 2K -

Z % X W
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