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Abstract: [Objectives] The species diversity of terrestrial birds serves as a crucial indicator for assessing
terrestrial ecosystem health and holds significant implications for formulating biodiversity conservation
strategies. However, due to the high vigilance of terrestrial birds and the complexity of their habitats,
conventional species diversity survey methods often have low accuracy because individuals are difficult to be
observed directly in field surveys. In contrast, the survey methods based on molecular scatology do not require
direct sighting and allow accurate species identification through fecal DNA analysis. However, the lack of
standardized and quality-controlled procedure limits its application in species diversity research. This study
aims to establish a species diversity survey protocol for terrestrial birds based on molecular scatology,
covering the entire process from fecal sample collection to data analysis. [Methods] This study focused on the
birds of Galliformes in the Xiaozhaizigou National Nature Reserve, Sichuan Province. Field surveys were
conducted from 2021 to 2023 via the line transect method, covering 27.7% of the total area of the reserve. The
surveyed areas were predominantly evergreen coniferous and broad-leaved forests, with elevations ranging
from 1 438 to 3 810 m (Fig. 1). During the survey period, a total of 116 avian fecal samples were collected.
Species were identified based on the molecular markers COI and Cyt b. The species identification protocol
was optimized by integrating several key steps to enhance the success rate of species identification. These
steps included selecting the freshness of samples, extracting avian DNA, and determining the minimum DNA
concentration threshold required for identification. The Cochran-Armitage trend test was employed to
examine the correlation between fecal sample freshness and species identification success rate. [Results] 1)
The success rate of species identification in fresh and semi-fresh avian fecal samples was high (fresh: 100%;
semi-fresh: 84.4%), whereas that in the old samples significantly decreased to 45.8%. The Cochran-Armitage
trend test revealed a positive correlation between fecal sample freshness and species identification success rate
(* =21.227,df = 1, P < 0.001). 2) The minimum DNA concentration threshold for species identification
using avian feces was 3 mg/L. DNA re-extraction is recommended in the case of the DNA concentration
below this value. 3) The intraspecies genetic distances based on the COI gene sequence ranged from 0.001 7
for Tragopan temminckii to 0.012 7 for Lophophorus lhuysii, with a mean of 0.007 7. In contrast, the
interspecies genetic distances varied from 0.125 (between Tetraophasis obscurus and Pucrasia macrolopha) to
0.250 (between Chrysolophus pictus and Tragopan temminckii), with an average of 0.177. The interspecies

genetic distance was 23 times greater than the intraspecies genetic distance, meeting the “10 x rule”, which
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states that an interspecies genetic distance greater than 10 times the intraspecies genetic distance can be used

to differentiate species (Table 2). Furthermore, the phylogenetic analysis revealed that all species formed

monophyletic groups, demonstrating that the established protocol can effectively distinguish bird species (Fig.

3). Ultimately, this study successfully identified 87 samples (75% success rate), encompassing 10 bird species,

including 6 species of Galliformes (Table 1), and established a species diversity survey protocol based on

avian molecular scatology (Fig. 4). [Conclusion] This study analyzes the relationship between the avian fecal

freshness and species identification success rate, and optimizes the species identification protocol through a

combination of multiple steps to improve identification success rate. The standardized survey protocol based

on molecular scatology provides technical support for bird species diversity monitoring in nature reserves, and

can be applied to biodiversity assessment and conservation management.
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2017). [FIIF, PRERERAFE A5 PCR 5], ™
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Fig.1 Distribution of sample collection sites at different elevations (top) and in different habitats (bottom) in

Xiaozhaizigou National Nature Reserve
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Fig.2 Examples of feces freshness levels
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N IEFE, Cyt b SE R RE 68 I A Fh R 1) X
IR R SCFE (Parson et al. 2000) . COI
RSy BK B 226 bp, COl F

(COI-K_Bird F) : 5-CCC CAG ACA TAG
CAT TYC C-3' (faiJFhdt Y A% C/T) , COIR

(COI-K_Bird R) : 5-TTG TGA TAG TGG
TGG GGT TTT AT-3'; Cyt b FE K 5| #1914 A Bt
K 358 bp, CytL (Cytbh-L14816) : 5-CCA
TCC AAC ATC TCA GCA TGA TGA AA-3',
Cyt H(Cyt b-H15173) : 5'-CCC CTC AGA ATG
ATA TTT GTC CTC A-3,

PCR SN AKZ N 20 ul, f955 4 ul DNA ##
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sy GREN 10 mg/L) 5 10 ul Multiplex PCR
Master Mix i (Qiagen) F1 0.2 g/L HI4- 135 H
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P 1.0%B IERE B VKA /S, FRAb 2
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JE {8 F§ NCBI (National Center for Biotechnology
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MEGA 11 (Tamura et al. 2021) %4/ Clustal
W I fg B X R & 1 7 &), Al Kimura
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AT E Ry AU REE PR S . B JE, R
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— RIS RAERE AT IR 8, )%
SEF] 6 ML H 2, 2 PR H 535, 1 Fi
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%5E 72 REE, et 4 H 4 R 9 Fhy XHRIK
FEAAEF Cyt b 51V E B 1, BN E 15 47,
HOE W 3 TR H 8K, AWK GIYILEE
4 H 4R Mg, 5T 24 R BAES, fE
H col 51¥p% e 21 4y, %@ 3 H 4 %L 6 i
i Cyt b SIYNEFY G, B 1 FE SR %
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A, fERTA REMIEERE ST, F 51
Uy AR N SRR S TS EAT 7 R iA,
A B 44.0%. 35 0 [RIINE 456 4
Aoy 7R s |, Hdh 23 3 —50, L58HIr
RN 65.7%, RUIFIF 7 7200 =0T HE
T R PR 465 5 1o A 2
2.2 FASMEEEERRRZERKER MR

HF col A, KA Kimura XS
PR, ] MEGA 11 {5381 H 225005 K
AL RS . M BHEEE RS/ T 0.001 7
£]0.012 7 2 [8], 24 0.007 7; FhlalsfEEE
EAF 0.125 3] 0.250 28], PN 0177, H
o, T MEAERS 5 ARG R Rh (A5 AL BE 2 s, 4T
I ER A5 21 I A A A e [RDE A% BE B B K (3R 2D
FhIE PRI AE BE B (0.177) LRt NP2 idifk
FEES (0.007 7) )23 1.
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Table 1 Identification results of bird species
(IUCN Z@ftere  (PEEHESMLELT) ey
H B il TR (6 ) B R 2SR Protection
Order Family Species Sample size  Class of [UCN Red List of Threatened Categories of class
Threatened Species China's Red List of Vertebrates
I H HERE LIRS
Galliformes Phasianidae  Tetraophasis obscurus ! Le vu !
I f4E
- 7 LC NT I
Ithaginis cruentus
7
,IEE % i’ﬁ; . . 71 LC NT 11
Tragopan temminckii
P
Pucrasia macrolopha 12 Le Le .
2R R HE
Lophophorus lhuysii 3 VU EN !
2R
11 L NT I
Chrysolophus pictus ¢
4 #.; H ¥ ﬂ K- A | e LC N
Pelecaniformes  Ardeidae Ardeola bacchus
WAGH  EASE KA A S | L L .
Piciformes =~ Megalaimidae Psilopogon virens
iz 55 B
i W B 1 e L .
Passeriformes Corvidae  Nucifraga caryocatactes
T Jos el T s
R I S 1 e L *
Leiothrichidae ~ Garrulax albogularis

LC. &f&: VU. 5fe: NT. iEfa: EN. iife: 1. 13RO — 0 — i i R BF AR 3N R “=H/" 5143,
LC. Least concern; VU. Vulnerable; NT. Near threatened; EN. Endangered; 1. National first-class key protected wildlife; 1. National

second-class key protected wildlife; *. Nationally protected wildlife of ecological, scientific, and social significance.

F£2 WIRHMM col R FF KIS ER

Table 2 Genetic distances between the studied birds of Galliformes based on COI sequences

YrFh AN5C 5 )] I o IRGERRY SRR AR
Species Tragopan temminckii - P. macrolopha 1. cruentus C. pictus L. lhuysii ~ Tetraophasis obscurus
2L REfHE Tragopan temminckii
AJ3% Pucrasia macrolopha 0.208
1k Ithaginis cruentus 0.211 0.144
LIREHRRS Chrysolophus pictus 0.250 0.125 0.208
ZRJRULHE Lophophorus Thuysii 0.170 0.155 0.162 0.209
YLMEHESS Tetraophasis obscurus 0.186 0.126 0.175 0.169 0.164

BT 153% COLMENFF, Mgk T A4

BRSO (B 3) . RS TE H 9A0

BT AR, EF—RA. R

BRI LR A A R AEHO TR 2K, TR T S g

AL

23 SS{ER BB AL R
R 7 L 3 38 A3 AT 0 B

IR G b iR, BEESSERE R %
TE IR A 100%; F-HT S (E 45w IR A
84.4%; T R IH Z& 5 45 8 il D M 2 2 R % &2
45.8%. Cochran-Armitage ## K96 0412 B,
FEAH B O AR L S5 WP A 58 LD 26 2 AP AE B
FHIEMRIIKR (P2 =21227, df =1, P <
0.001)
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YR Species

B 4“0 f0%E Tragopan temminckii

B 1Y Pucrasia macrolopha

B [0HE Ithaginis cruentus

B 4SS Tetraophasis obscurus

B KRB Psilopogon virens
Y] Nucifraga caryocatactes

B SJRATHE Lophophorus Thuysii
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B3 BT ColLFFIHERSE R SRAGRER

Fig.3 Phylogenetic tree reconstructed based on COI sequences of the studied birds of Galliformes

K0y X B N5 3 bootstrap CRF{E . Bootstrap values for every species are showed.

2.4 BT ERFHMEREG YR B RETE

KRG 2 R XA S B TR, 2
TR g, AL T RS T
WG KW Fh 2 R T (B 4) o TR
Fort, A ) 58 A P E ) 2SR S
DNA WEHAMET 3 mg/L, W& kR
FES ARSI S . Rk, #UCK 3 mg/L /EAN
DNA ¥ (I FHHE - DNA IR AL T 3 mg/L,
T E TR DNA; 47 DNA iR E KT ol& T
3mg/L, MHEN PCR ¥ sLIGH B

PCR ¥ 38 S50 B B 5648 FH COLZE A 514
BEATY 1 o 3 1072 3 L Bt A R e FEL SRR
FHET IR FIE o X T4 14 2R 0K DNA B i,
fH Cyt b G HATY 1S, TIRRERER
HL PRI 5 7 e s AR Ry, K
TGRS TEARBFTEN 116 0 FEMEREM A, 72
BriEiE CO IRy, 15 @it Cyt b 5l
VIR 1 o

PCR " #847=#)i3k 4T Sanger ¥ 7€ J5 , 3t

AN A AT H Lxst, 25 56 L AR AL 2k 21
98% M LA b, FIEZIERE M 5 S 741
ik —2. [ ol R FHIAUER T
98%, WIS Cyt b FERIFEATY 3, FRAKIE &
AR ACLEE JEAT 05

3 Wi

3.1 BT TFREZNHMNE RIS RN
WEFERESL

S5 LR SN FEEAE N — s R0 P
R, TEBNWIBE . RS R A
SRR T2 M A (Beja-Pereira et al.
2009) o SHABIEBGTERE S CWRE . BRD
FHEG, FEREIMERHER S, 5T RIFIR
&, FEH BT HHE BT, A AME
RS AT HEE, w7 2 IR AR
T CREESE 2018) o FEF &5 Tl 18 I v& 4
XUEGHHI ) DNA JE DA SEHEMEAN R (135 4%
= H (Albaugh et al. 1992) . K, #FRAR
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|  Collect avian feces and determine the freshness level based on the characteristics of the feces |

RIEHAT B v I
Collect f¢

ofeciEe® (R SGHERERTBERI AT RS |

l \ Prioritize the collection of fresh and semi-fresh feces )

r ——> JLRIETDNA Extract fecal DNA )

DNA#H »I [

DNA extraction | s Al . . [

Imal DNAJT 5 40 B (1941 Assess DNA quality and purity )

AN
/

__________________________

I T A Primer 1s col ! 51452 Primer 2. Cyt b

PCRY 3 |
PCR amplification »|

7

PCRY 4 B Bt PCRY" 4 H i Bt

i ! i
1 | 1
1 | :
i L I NO_ ! -
:PCR amplification of the target fragment , > ! PCR amplification of the target fragment .qJ-
| : ' o
APy ] o >3, ! Lry & I >3
| SRISHRE LIk L SRl RSE L F P
\ : Agarose gel electrophoresis ' : Agarose gel electrophoresis 5]
_____________ A e —
e R i e i siginlgiaine
- _NYEBS_
- " A N\
( AR Sanger sequencing |
— R : HEWFIER, JExf FARTALE T A TAE l
Sanger sequencing Examine the sequencing chromatogram and manually correct the target sequence I
R Hoxt | 4 |
Sequence alignment : J¥51EEX Sequence alignment PECOLFIPLEE < 98% I
If the Per. Ident of COI is < 98%|
\ HIBLEE = 98% Per. Ident = 98% 7
N ———,— - e P — — — —
YES

YE T, 13E¥F{5E S 1dentification was successful, and species information was obtained

B4 ZET0THELHHMPLEYMZ R ETTE

Fig. 4 Protocol of terrestrial bird species diversity survey based on molecular scatology

ORI IR RN 2SR T, B DURE

Rab AT R R, S5 3EfER

U: "FLZE (Zhan et al. 2006, Lu et al. 2023) .
9,95 (Oehmetal. 2011) . R H2& (Rytkonen
et al. 2019) FIFi#iZ% (Abdul-Patah et al. 2014) .
Hrb, WAL SRR B NFE (B
IS 2001) o SRTT, SLISFEHERE S IR A A A
BB T AL (EAEE 2001) . XEEZ
FILLRIUAMAEHIZ): 1) DNA &R 192%
B BRI s, [ E RED
V& (Duke 1997) o XUERAEMIRE = A4 50 i
DNA HIfig, EZEE DNA WM (Garcia-
Mazcorro et al. 2021) ; 2) HriRHEM A F 45
T S AR A HEI A A M, S 28 ph SRR
FEFEILRAR, FRETEAERERRE, ©

HE—H (Gill 1995) o JRERERAEARIR TRAF B
RO T G, X R T
DNA 22, SPEERIEMEL DNA S5/
(Munch et al. 2019) ; 3) HFAMABER ZEN 3%
i DNA HIFEMA ERm . 3 RE T8
HVIREE, P BT RO S AR YR e
A3 fi DNA (R, T B 2615 K DNA.
X BRI RS2 RS . TR E IR EE R R R
JF b % 22 BJ [A] ZE K 177 b & (Frantzen et al. 1998,
Héjkova et al. 2006, Brinkman et al. 2010) .
JUETEFLN 53R R B — 52 e i3 AT 5 il
(Green et al. 2012, Hou et al. 2021, Edwards
etal. 2023) , HilniE I L E SEMERE AR AL I
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WkAE, M EGIRELR A T RAE,
MR/ DI ZZ 5207 (Fablet et al. 2024)
SR, AR e R B — R R IR A RE 2 2 1 Ok DNA
PEURCR K Ja 4504 (W1 PCR P45 9 1)
AlEEME . H O ATEZ TN SR R A B
PR . ARSI H SR £
FEPE A 0, 57 S RS B B AR AR,
R BEAN PR (1) ol A2 i o

KA FMFESRAE . A EES] DNA KJE 5
Mror T 7. B, FESRERS, &
[F T R BE G 240 DNA R E SR K, SR
HATS T SR IR fE T 5 DNA $2HU& L)
R AR R T A TS, P R TS ol
R R AE B FE R . Smith &5 (2023) K
PR AR EFFEE o “IR” CHrEDH R “ )
CRHTEE) WS SRTTERT AR RAERT, IRZHE
AbFRE T2 M EREs, #5580
“UR7 B IR BRUETT RETCIEHERA DAL BT
SR . O T N A T A S AR R
ALHINT “CPRHEE” X—M&, HTRIT
THARREAE AT O — e VR BT . AL IR TR 1 1)
FEREA . I IX — A o> Hebrdt, AR
IS SR IR AL R S P A e T R 2 [A] 2
WML R R RE S AT, &
WRIE LSRRI A W R SRR T . X — T iEH
W T th B Gl RE A, AT R s b 5 02
RINE . TR, Zh kR T
TEAS SR AN i, T AERS A I e T
Ho AW, Zbr e AR IR ATy B A s
BRAME, R ARHE B o R S X6 R AR AT AR S 2 HE
¥, UHAEFEAL BT TR . ARk
FUSLE IR Al AL B A bR, DL
— P e PR A AR R T MR

ok, TEFEARKCIRIAAT, THIIE R 2= EPh g
e BRI IR T . SRR R
A IRIRE . HEWRREEVR Sy, BREA
Pt WREIEAEYZ I (Gill 1995) o A
FUN R IAT I ZE AL S AT 7 IUALBE DA 2%
JRITFH . BARRLESEEETH PBS X ¥ i 2t

ITRIBTEG, LB CBERIMERMA T, Wi
TSN FIG R (Hart et al. 2015) . 7£ DNA
PREULFE A, JRERER 1) LB 2 — AN ST,
27 Eriksson &5 (2017) WIHTF, FREGELIE
B HBYE N, TEREARTIRERY B ™ i i S R AR AT
T, DL KRR T . 2 5
A5 i i R SR A B 22 P CInhibitEX
Buffer) 1A, Z& MR AR L BRISFH 1 PCR
0T, MRS RS PCR MR IhF. B,
PR ARE DNA REfg Rl 25 & Bk
IRHE b, 33— D IR IR B 55 44 i 6 DNA &
i AlS

B RoR, BT 116 M 2R IFRE AN DNA
W N, BT E T E T 2457 %4
(15 Ik DNA W JEHIE, B S 338(F DNA W#KE
MRT 3 mg/L CEBitR & AMKT 12 ng) , PCR
REM A 2 R R BTSN R . 241 5%
BRI — 2, RS B R BE — MR
5y FHRUATIEAT PCR B (Abed et al. 2002)
H SEBRERAE HR A R SR T — & AR
(Piggott et al. 2003, Vidya et al. 2005) . ZR1f0,
BT (1 5 /i DNA 3R FE BRIE T 652 S50 261
ZESWRI, FIIASFE PCR A RIS %
Cany B mE R RCR L 33 BUK 48D (Dietrich
etal. 2013) o [k, REARMFHREHKEER
BSHEMAE, (BAESERBH F AT 75 AR5 HL Ak sk
B0 2 A AT I8 N VR

Bbah, AHFFIRAFH COT A 513 A4
B ATEE RN, AR AP B R R T
Pl PR R 2, BB EET 23 £, X —2%
S5 A Hebert $2HA0 “10 x AN~ (Hebert
etal. 2004) , B [A] 5 A% PR B9 18 31y 16 4% R
B9 10 5 oA BT TR X . FIR, RS0
KA SN T DR ST RS, D
ISR T AR TR R R IEET CO1 o FhRid X A
[F) & R A R T R

KW FHRE TSR . E2(F DNA 2
I R R BR 2 T BT B (k. DNA IR, &
SL T MFEASR AR BIEUE = R = R,
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BTG T SR RERE T . TR (CERRIRERER)
J DNA WRFEEBIE (KT 3 mg/L) Xt 2K 3(H
DNA 7387 D) 22 1) SR B L o ASHIF S0 3 3 PR I
Pk 2R S RS A AR AL R F B A T 4
ARHELE, HHEEHES) & S N FH U K g o
3.2 ETHTEEZRNYMEEMRENMES
[ Ecwaprniilaa:d

FIF 53 F 20 3047 oA & 28 Fh 2 R 1
W, REfS A P08 o0 SR M %, [
B 5 AR T A 1 BV = A ) WL 5% R HA R
O RS A . T T RE I 22K
Fh 2 RFEVE T AR AT DLUERf S s e P, B e
i 25 A R A ST i Hh BT B 3 — 2D e AN A
FRTEBNVE R . AP S O 7 5 AR A AE . R
I IAE AT, AR E R R NE A
R IXASTE H SRR R, 4GB
fs RTINS 6 FIXSIE H 2R 4 Fp A S
o BATE LR A 45 R 5 /N E TR X T
SEUR A BRI T L (B A REE 2004) , 45
ERARE S T HAW 6 F, BREEER—
A SR SIS R ML RN I MRS, DK 4
Fh R AR . SR, RARILHA 6 Fho
BA TN NG BOX P 2 R R EE A D KA
TIEGEEAT . DNETEIIEE S, i
DIBIEIZL, Wets %, B —MRT 300 (B
FeTHEE 2005) , BN TAEMEREE K. R H AT
B 5 I AR 78 5 DR AP XU TR 27.7%, 1
B R = RN 3 810 m, T S XS £ EE S T
K 3 800 ~ 4 000 m Jz LA 2R vy L s
iy GRF = 2002) 5 FEGNGEEMLE S
LRI W R R A B (ke 2017) .
AW T 2 X IR T s A, R BER
ELRX LY Fh R FAEREAR . 2) FERE . /)
TN EFEEPEE SR, Hi 6 AR
HU DX P Y e . EREIE], PR EK, &
BOERRYRIT, AGHENWIX, AW FCRFRR A A
RefEii 6 228 H. 2, ShisegdEMmtt, HAr
RRN R 2= IR EA SRR, RK
A8 BT RE SR AR 1 78 55 5 A 2 1T S 801

peah, ECIHERK 6 MR, SRR
TR R B, AU 1 4 FEMEREA b R ah %
EHIZYIR . X —g R TR S R Ve IR AR
T 7 5 )P0 () SRR S A 0% . AR PR IR S
& (2018) [LTAMHMLIE I AL, 2R UL AETE
BHAZE T BE ) TR 3 500 ~ 4 100 m [RIBHIE
B S RENAESE, TR AR UCUR A A R R A SR
15 3 810 m, HAR 547 o LR BV . A
I, AR ST R E AUINEEXT 3 500 m LL_b it
PRI M I B, DA i Ed se B ik . AL
2N, AR R RS, XRS5 A
(X 378 T 2R B A XA ——4L A
e TS SRR 1518 ~ 3 543 m [ 4R
W AR B SRR I AR (AR RS 2024) , AT
TR X 25 5 45 52 B F

SEGHIEE TEM L, ARUGR AR A
ST IEFEERA U THERR: D XA
VMR e ANET AR A R A
W B, AW U R A S AU B &R
PR &, A RGeS T X s, A
T2 BEm R, ARG SRS, o2&
A FVFHAT T HAE RIS 2 (ZEBHAE 2001 .
DRI, 201 Z8 0 2 1 A6 Wi s sh 4 1) R A A
Py B EE MBI . 2) IRAEE AT RS
B DAEAE EZHATYRM ARG, Tk
T8 5 F 2R B TR R TR %
IHERAYE, T RESAHEBLS SRR, &
RESE ALY (R BR RIAT 2 1 2 A S VRIS R
ZITEIER B BV M I 2, X ‘Al
AR R “FRAM” , NERRFEMIFE R
TRERVEASTRAE T Tk . thah, @i bras
i DNA FREERRL, ANRANIE R B
PRI AL AR S . ARG S DA SRR G 1 2455
[ (BR4HSC 2001)

PRI, R M AT RRR S T s R
SR, B TERESHEEARSE.
ARRAERT1Z M X 3G H 52 2 PR AT VP AG
I, RARALRFESRE, B W E . i
KFETCE, FFEr TR 2. X LUTF R
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WERNHA, 462 MEARFRII TR 5
UBIRIEE, R — 0 s ARy X N B 21 4 A AL
MTAE, FHHESHFE DNA 520 SMEHLIE I
FEAWES TR FRIB A, @25k
) PR 10 34 B 5 45 SR AR, MIEEE I RS
SEA MR R, b 2 2 (R4 SR AL o m S
MR EARHE, AT R T I — BRI
TR R
3.3 (¥ DNA HARTE SR N SER
19 A 22 A U 1 B R S,
FERBRTUE NIGE] )2 k7 (Gregory et al.
2003) . FECHRKERSIHE S RN T
TE, H AT CIEAEE A [ 5 28 2 P A I 26
RiIREE 2018) o 28T, A WINFBES
B R AL A TG — 2 Pk (Fh 5%
2022) o HETE SRR BT A RTE
HY AT B SR, W ORI
RIEAEZAHGE (CRBOESE 2023) o REIX
ST RAE R L By S R I MR A T K
s, RTE— L SCRR T AT AFAE SR BR 1, 4
e DLTE 55 B B R, BIGH0E %
SRR R, BIREON R — (REIAE
2023) . T, BEERMEMEEDS, 24N
Ble BN BEREH ME AR ZH B 5 N2 S
MR R, HEBh TS SR T AR R AR
(RBUESE 2023) o IXEH M AR MR E
FA AR X B W TAE /22 T ASFRIFERE
FINF, EABAFAE— SR PR, R S 4 2
BRI SR (Burke etal. 2019)
IR, K2E DNA HEARSIADA
SR BNV R, AR AL G IR Ty %
(S PRVESR AL T B iR it 2. B ok, 29838
fERE S ISR SRRV B B m e A, W
BRI T B R HET, B LA B JE
FEAH (FETH 2021) o L, TR
LA, PTLAAT SMEREANIREE, AR
R IR, MM ER AR . Hk, FIHS
AN TR FIATYIRN S 2, Rels oo g
FRAELEEITIEN R, THER % e s e

AR AR RSNl S T 2 AR 528, 5
A T ARG T AL AN LAE X e 2k
AR CRIBUASE 2017) .

F5{H DNA FERIE ] 5 HAE N AR S &
15 SR I 5 Ry TAE S AL E M. @
TR R AR B ) SR AR B PR B 5 T AL
H B E AL B AGEREE (i B R, X
s MEMEE RS A, TS
SRS E. T a8dEE, FIH
AU 3 A AN 6] 25 28 B A JE A RN 23 A A
FE IR 5 S AE A [R] 058 564 N (R S AR 4k
s, G BT R L AT O
R,

Ak, FEfH DNA HARAMMUAEYIF R A T7
ARAEZEN, @) ZRHT2AMESY
HIF TSR, ALFEBh o3 AR X YE FE BORf E 1
BB METG . PR R A SR 2R
b B AGR IR INAE (BRI SCEE 2001) .
FTFME DNA R, #FFEA AT BLH AR
538, JEREMERRYES0E 1) AT RHAEEA T VIR o
A XA A A PPl o X — TR BRI A 7 AR
B, G H PRV EERIT T XN I B S8 A AR
R, R R T B A A ) R, AT R
HEEE B H iR ) A 7 A 45 B (Bailey et al.
2014) o EIEHE R FE R R 2 A 1SS
AL F RN FE DNA BEAT00T, BEAEIRIN
LRk DNA KAZHERAM B LT REE, N
RN T LN AL ZFEE . FhEESE A
NIRRT ANAEE,  IX LS Tl 8 B2 1 IR
PE R B HEAR R ME, [FIRN RS AE T
5 BN SN A R AR 0 SR MO
HAWE I (Rodgers et al. 2013, Pannoni et al.
2022) . F&E DNA ARG ANE Z KA
Mridzn SR B R, @0 FEE P AE Y B
B SRR et R BT YA e, e
HERR AT 2R 0 WA s, bk im e B S R AR
SAFHIE (Rytkonen et al. 2019) o X Ff i@k
13358 DNA BRSO R
PR EE T A,
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B, FE DNA HORLE LSRN
P AMLBENS AT R Ak A% Ge i 2 7 1 10 s BR A
RS H MBI ARME &, BZRR. £
HE L R BCHR SCRF IR R AR B 2R I
AW, NRESEZ LRSS B A RY
Mo B OR B BOR S
BOf BODU I KRR FEBE TR N
R FEIb. PRE. R XER . SRR,
FERARL L REETIEN A EFSMAE T
PR B, G0 /NETA [ R 5 B AR R
D BRAR X AT H AT FT K ISR, R
b e R A PO FC T IR A 7T S AR A T
il IR PSR AL By, B R B sh )
Tt FEPT K B 2 1 AT REAE T H T e AR 45
TR S

Z ¥ X W
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