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Abstract: Animal items consumed are important energy and nutrition resources for the Great Bustard (Otis
tarda) during the breeding period. However, due to limitations of traditional diet analysis methods, the animal
derived diet is still unclear, and the diet difference between different breeding sites is not well explored. The
high-throughput sequencing (HTS) has offered major advantages over traditional methods in diet analysis,
such as low work cost, big dataset and taxa assignment at a high fine scale level. Based on fecal sampling, we
applied the HTS approach to identify animal items consumed by the Great Bustard in two core areas of
Tumuji Nature Reserve (Kaoshan and Maanshan) during the breeding season, and compared the spatial
variation in diet diversity. The diet diversity was estimated by Simpson and Shannon index, and the diet
difference was compared between Kaoshan and Maanshan using ANOSIM test and nonmetric
multi-dimensional scaling analysis (NMDS). The minimum sampling intensity (n = 11) is sufficient to make
the detection limit of MOTUs reach the plateau (Fig. 1). Of 24 fecal samples, 29 unique prey DNA (Table 1)
were discovered, corresponding to invertebrate species, with the prey group of the Coleoptera (the Arthropoda)
accounting for the highest proportion (44.83%). Below the order level, the family Scarabaeidae accounted for
the highest (24.14%), followed by Acridiidae (13.79%), Meloidae (10.34%) and Thripidae (6.89%). The
consuming frequency of a given dietary species and the number of prey per individual in Maanshan were both
significantly higher than that in Kaoshan, as well as the diet diversity index (Fig. 2). The diet of Great Bustard
was different between two key breeding sites (Fig. 3). This study facilitates investigating the relationship
between diet and habitat selection, as well as understanding of foraging strategies during the breeding period.
By providing dietary reference data, it could help the conservation managers to effectively protect and restore
the habitats of Great Bustard. Meanwhile, the basic framework could be applied in studying the feeding
ecology of other species using the HTS method.

Key words: Great Bustard, Otis tarda; DNA barcoding; Diet analysis; Noninvasive sampling;

High-throughput sequencing; Diet diversity
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YN AR BT 7R R AR E 1k
U, B %R R T WA E AR R
(Thébault et al. 2005) . (T PEWF TR ANV ER
MEENKL—, & TN SRR KM
BH SR AN, FNE SR AE
P A Sh W) 4 R S8 (Williams et al.
20000 o B W52 5N BN ) B TE B 2R AN AT 2R 1)
PRIVER 7, BT S g 1 i#sh
VI EHE AW E R PR BN A 2R G B
(Ruffino et al. 2014). Bf#E A ERSAEAZFIA
XS S S ) 520 H 25 508 (Segan et
al. 2016), B EHUZEHTRD, EWBHIE H I
G, FEENYEFRNE. B R X K 4
(Naug 2009, Fan et al. 2020).

FRAE A2 X SIE A, A etk

515 W] 43 A4 1 ERORE R 3 R4 4 P EURE O
TRIREE 2004). PR PERCRE 2R B WAV
Mrik, BEEMRIE, (EXT30E i B2 50T,
H i T aWhk i T 20 oo DAkl . SRR
PERRE R R L, B AT W EE A T
B GAT IR AL EANIE BT RAT PR BAT ERFE R
PR B B ITEN S e E, EXY
BEAN S E BR B A B ER, Higtd
Y1) B R M LU B TS FARHIE B e
MR FR SRR AN ik 2 H T2
BRIEYIEAA P (Glasser et al. 2008). &€
[, ZR AR BT JE I sh W & 1 o3 BT 7 i
TERRA BN 7 T B AR, BT e 3
EAREUE 2% (Carreon-Martinez et al. 2010,
FXEE 2015), FEE ml BN FEOR A RE,
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FOMURF 35 4B Rk 2 I FUE IR AR R &
PEF S AEZS 24 8 (Pompanon et al. 2012,
Oehm et al. 2017). =y i@ &M 7N HF &S
#r, BAETAEED. HiEER. 2FREET
I 55 (Gong et al. 2019), T H L& = i R B,
R I BT AR S AT AR B BB R P 43
B (INIZE 2018).

K (Otistarda) FJ&E T HEYE, 1
IUCN 2L ki 4 o 5 fee (VU)D Z5)
(BirdLife International 2017). K¥8F 2 b
H R, $54 WA O. t. tarda T E A T
FINE - B 2 PE AR R X, #E2h 4.5
JiE 5.1 J7iR (Alonso et al. 2010); AT
FA PEAARIE . 5k AR [ ZR B TR O, t.
dybowskii, LT NAZ1456~2187 A, &
KRB 3% (Liu et al. 2017), HFhEE
BEA TR TS, ZMEER, R
AR IR CF 405 2010, SRIRTESE 2013,
Collar et al. 2017) Jj7 52 _F K 7 77 Wb 75 R ]
)5 R & S AR 8 CEEEIFS 2004,
H 75155 2006, @m1THSE 2007), {HIT 4R
BT S R A AT AR TS R R S BRI
B 2 A X BB G, FPEFEE R, TR T
ZAEAE RS /N (HF5ESE 2001,
Ji4%&MFEE 2010, Kessler 2015, Liu et al. 2017).

KGR R B, S E Ayt
SPEEY) (JI&ME 2002), SRR E5E 1
B MR AT . H8 388 BRI S ERAT
NS, KYSTE S a3t & 3
EASERGHE . B E A H B GRIESE
2007) o AR TS KRN R W B A AR i & B
BRI, fE KR, K2 aEmtay,
T 7E JE KOt WG ) T 2h P & (5 &M
2002, JIAAFE 2004, BXIEEE 2005). st
BT TR RS BT RBELEE, (HAF
ST AR S R Y s AT RS
PE, HEMS SR RS R BTN, o, A
HK 0T AR 38 94 AR AR Ah 7 1A 80 58 sk ok ek
& (Liu et al. 2018) . AT K 75 4 A 2L AR L

BAPIPEC YIRS, DL A S
BRI ES, SIS E A PESE
HANEAE R 0K 5 SRS BT A2 K P Fhoie A
TR Sk S s = BLAEIR S, PR
W N T E MRS aeRl 7504

AW FE ATE P 52 AR B R 9 SRR
X FE A% 0 X AN By i Ly X0 1)K ¥ R A
XI5, I ZME DNA U, 456 DNA B
R v 3 B W AR S v B R S B 4 R
17930 VT KRS EHE X BB K am £
FEMERI P22 S 0052 m0, AR 0 K S A T
BHESH I AR B¢ R B8 HEml,  [FII RS %
L b R B R A SR AR AR

1 MRSk

11 AR

S EIARCE E R A AR X (LUR A
PR B 7D Hikb 5 BTG X% B FLIRE
N (RZ 122°44'13" ~ 123°10124", b4
46°11'03" ~ 46°33'30"), NFAMCT R G AEY) 2
BEVE2 35 (0 EEIR s, AR 76 210 hm'.
{47 X U3 K 89 dybowskii TV FH4% 13 il [H 58
I ZARY 20 47 FrE KRR S8,
F 8 R AR A S RGRECAE IR T
T A SRR o B e K e A S
2013 22015 - K ¥ STE M 80850 ) 4 125
o132 JA 119 J CEHGE B R 2B R R
X 2015), #H B A= S R4 B 2 i 4 < o
EKEz2”,
12 FEfERAM DNA $#E

2016 4E 5 H25 HE 6 A 10 H, fERMH
SE A O IXFN Iy 81 IXCR A K Y3 1 388 5 R
fis PEHIAHER 25 km, FF SRR [ LRFERD .
FEAF R fF A P A2 W8 S50 DNA T &= 1) 08,
ELIERZ I DNA $2HL . PCR A 2% 5 (Oehm
etal. 2017). K, 7EEFAMIEE BTGB K YY
CRLIRE S MRV, R ARE TS, P3|
RTESIM A, FARR IR A IR
oMl BT B ST, R THIIKEC-47TC).
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TERF AME FH A BhUK S S (A i, I8 [ SESS
BIGIRAFAE - 80 CUKFH - TE5E LLIFN T 8111 43 5l
RAE 11 A0 13 0 KSR EAE . KYS IS
JOFBR R T 3 A ) HAR 528, R8T 405
T X 4. b4, MR K LRk L R4

(GenBank %35 FJ751803) B¢t 1 KW 4Hh
%E 514 Otdloop-F (5'-CCC CAT AGA CAT
ATT ATG CAT TC-3") Al Otdloop-R (5-GGA
AAG AAT GGG CCT GAA GCT AGT-3") (Liu
etal. 2017), @it PCR # B4R LA K 15 KK
ERRIE R I LExS, BRUF T BT REE M) FEME Y
KHT K,

K HHZEME DNA $#2 B0 & (QlAamp DNA
Stool Mini Kit, QIAGEN) #ZE{Z(H DNA. X
PRI ZEE DNA 8 1%35 I HREE A Ha bk A
W, f# F NanoDrop 2000 (Thermo Scientific)
ME kRS, RPN ERE GRE
50 mg/L; Aogo/Pogo 1.8 ~ 2.0), fRfFTF -80 C
KR o
1.3 PCR ¥ ¥F=EEN T

DAFEE DNA iR, AT E B4
hifA 16S rDNA JEK 514 16SMAV-F: (5'-CCA
ACA TCG AGG TCR YAA-3") Hl 16SMAV-R:

(5"-ART TAC YNT AGG GAT AAC AG-3")
(De Barba et al. 2014) JFEATH 14, 590833
¥, Hd, RAABG, YANCEHT, NN
A, C. G B T. RARFEMN T 77, FIER
510 SN b T X MR 6 B S
HERPRZE, DMEERFEINT G, Al inst
B2 P N B BT NFE fl o RN AL BRAR S
B2 22 57 KT 3 /M (Coissac 2012) 5% 10 ul
PCR fK%: Biomed 2 x Taq PCR MasterMix
Sul, IEXMAEIPI% 0.3 ul (0.3 pmol/L), FE{H
DNA 2.5 ul (50 ng), 10 g/L ZILif A EHA
(BSA, Takara) 0.1 pl, ZZEF /KA 2 10 pl.

PCR MMM 95 CTiAEM: 15 min; 94 C
A1 30's, 56 ‘CIBK 1.5 min, 72 CIEM 30,
35 ANMEI; 72 “CZE{H 10 mins

¥ PCR F=#%HL 5 wl S&ERA, it

120 ul &b, KA Illumina MiSeq (PE150) &
I - 6 AT @AY S I, IR AE
TN S MER A VIR BR A A TR
14 BAESH
K 5 I =P B 1) R 4G reads 8 H

OBITools 3 (http://metabarcoding.org/obitools )
AT, XF reads AT IE R M PHE, SRIE1E
H ngsfilter F2/7 X 5| W) FFRZE AT A, FE
B R B B ACAT ) reads (ZEBR/NT 10 bp I H
B, 2Bk counts /N T 5 171D o {4 F ecoPCR
FEFF (Ficetola et al. 2010) #HREUA HLE¥E A
NCBI (https://www.ncbi.nlm.nih.gov/). EMBL

(https://www.embl.org/) 1 DDBJ (https://www.
ddbj.nig.ac.jp/index-e.html) H5 16SMAV 5|4
FHRBVFH, FE ARS8 IRA5 1) 7 51 5 i e 42
BUP AT o — BUEAME T 99%I, HIE
ZFBE & T N TG B MES P Fh s 25 A
—HHEANT 99%IBAMICT 98%, JIHI5E Mg K
Vo BRI BUEANT 98% H KT 85%, WA
JE X N R CL B ZEB 6 (Burgar et al.
2014). FEER AR, WERPHE T 2 %7
Fiter, B2, W Bt e
KM It M KRERITA,
A USEARCH 75 (Edgar etal. 2015) HJ& )
7T #EAE 2570 (molecular operational
taxonomic units, MOTUs),

I T ORI PR FE R T Ay, s

R BAFFEF AL Vegan H11) specaccum eRE/ED)
B Bl AHE TR & VRIS
IR AEAL FRHOR S R B 5t 0 () BB 1 »
EMampieriE, NESAEEMNEYD
MOTU HIZEEH 5 SR EU & bl 358
FRBARSI R B MOTUs 20 H, EPFANE
FE A AN 2] 1 MOTU $ & . o ZFEVEFREE
BEER Y, EHHE KRR AR 'Y 2
FEE, 45 Simpson F5#UF! Shannon 75 %k

(Spellerberg et al. 2003), JHit R AR E
Vegan (Oksanen et al. 2012), #A7it&H. &
Shapiro-Wilk 3677 & 1IEA 734 (Shapiro-Wilk
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K, P>0.05) M K HIMSIAEA t K ik
708, AFFEIESDAG (P<0.05) %R
F Wilcoxon Signed Ranks 5 563847 4341 . L
BEE LA S L T B E R M ST,
K R AT AL Vegan (1] ANOSIM %L,
XY ZERIEHAT RS, B permutations
N 999, N T HEEH MR EYIH S E R, A
T Bray-Curtis JEEHFE, i R WARETE
vegan Fl permute HEAT AT & 2 4EA5 L it

(nonmetric multi-dimensional scaling, NMDS)

(Minchin 1987), -2 BAHIE A AMAAE — 4
NMDS B ES N, i 64 ez 5B R
MAKER B . Stress {H 2 T & NMDS fl-&1¢
FE—Ngib s, 2MizE/0T 0.2 i (Clarke et
al. 2001), RHA R, R MR 333 )
A, Giit kKR SPSS 18.0,

2 #3

21 R WHER
1E 24 f FEE R 3L3R1S 483 320 % reads,

28 ok B A 0 Ok )G SRS A ACEEE 403 223 %
reads, A, FELRTS$L R X IRE 523 B3R
5202 988 1200 235 %% reads. JL15% 48 F
DNA 741, i, 19 MR Ihtext, 29 fitk
YR T ITRELR 3 2KMot, 5 60.41%. 5T
29 I MOTUs, HrF, FELZOXER
WHCE 22 B, SR ELE 28 Fi. HFd
FIFHIE R, B RN R (n =
1D fgfEff MOTUs FIAMIPRIEEF-& 1 (B
D, ARSI TS T REAR . K%
FEIAShIE V) E BN E . 25 B B
HES, Hr, ¥ H 5 s, & 44.83% (R
1o BRIEZAR 25 0 H ATk 5 DL R = 2 49 st
WAH, YA T MEREEE (R D. BRI
WA, BTSN E BN A KRS EY
Z2— (R D. KEWERZMEEwasE 11 #
DA 8 ANRENRY, LE B b b e i (24.14%),
HYUONIER (13.79%). Se#H A (10.34%) ANl
R (6.89%): @KL, A3 7 ACHE

21 ANKRFEE. MK E, A 34 MOTUs %
E B R, 43 52 H Al s (Acrida cinerea)
TM/NZE88  (Oedaleus decorus asiaticus) Ail—
£ F (Notoxus monoceros) .
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Fig. 1 Dietary prey accumulation curvein fecal
samplesfor Asian Great Bustard
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The gray area indicates the 95% confidence interval.

22 BHZERZER
S LLORR 1 K 56 B 1 B F X HL
BRI HIN 33.86% + 5.68%H 43.77% +
4.49%, fFEEREER (Z=-228, P<0.05)
(B 2>, KA T Sl DX R B i o
BEZHINMAREEEY. MR, THER
g B ) L R e B AR AE R L AN B L K
WEFHBET AN 100% (£ 1), RHIX =FE
YT BEAE P MO X BB T 3R, H
WA R E xRk Gy, Sl XKW
S Y MOTUs £t H (12.69 + 1.12) &3
FELFE LRI EE (9.36 +£0.76) & (t=-2.36, P<
0.05) (|¥ 20, RISz L 7 X EHH IR A
AR YIRS ]
SR8 1KY & 1) Simpson FE%T 7
W4 0.24 + 0.06 F10.44 = 0.07, {EfEREER
(t=-2.14, P<0.05), £WHZHELHFXHE
Yoy A AR5, AT IR 5% ;. Shannon
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Tablel Invertebratediet composition of Asian Great Bustard in Kaoshan and Maanshan core area during the
breeding season, and the sequence identity score and the consumed proportion of a given food
YRR i
43234 7€ Taxonomic identification Average consumed
B4 ID ~ proportion of a given
— 3k food (%
Sequence ! ood (%)
D Identity —
Sl el
] Phylum 4 Class H Order #l Family J& Genus i Species Kaoshan Maanshan
(n=11) (n=13)
MAVOL 5 Eh4) PRI g H R RH RN 0.97  100.00  100.00
Arthropoda  Arachnida  Arachnoidea Ixodoidea Unknown Unknown
MAVO02 5 Eh4) B R H e RH RN 1.00 45.45 53.85
Arthropoda  Insecta Coleoptera Scarabacoidea ~ Unknown Unknown
MAVO03 5551 B o i H Stk ARH ARH 0.97 0.00 38.46
Arthropoda  Insecta Coleoptera Scarabacoidea ~ Unknown Unknown
MAV04 551 B o i H Stk ARH ARH 0.97 63.64 53.85
Arthropoda  Insecta Coleoptera Scarabacoidea ~ Unknown Unknown
MAVOS A5 Eh4) B i H &tk AR ES 0.97 0.00 30.77
Arthropoda  Insecta Coleoptera Scarabaeoidea ~ Unknown Unknown
MAV06 A5 Zh4) B i H &1k AR AR 0.97 9.09 23.08
Arthropoda  Insecta Coleoptera Scarabacoidea ~ Unknown Unknown
MAVO7 i 5h) EL A HHE EAie RHN RN 0.97 0.00 30.77
Arthropoda  Insecta Coleoptera Scarabacoidea ~ Unknown Unknown
MAVO8 5 5h4) B i H e RH RN 0.97 0.00 38.46
Arthropoda  Insecta Coleoptera Scarabaeoidea ~ Unknown Unknown
MAV09 5 5h4) B i H 84 B RH RN 1.00 9.09 23.08
Arthropoda  Insecta Coleoptera Melolonthidae ~ Unknown Unknown
MAVI0 i/ Eh# [Nz i H REA ARH ARH 0.97 0.00 30.77
Arthropoda  Insecta Coleoptera Unknown Unknown Unknown
MAVIL i E# B o i H LGRS O H & — A 1.00 45.45 0.00
Arthropoda  Insecta Coleoptera Anthicidae Anthicus Notoxus
Monoceros
MAVI2 A5 EhY) A= M H e A} T KEn 0.98 100.00 100.00
Arthropoda  Insecta Coleoptera Meloidae Hycleus Unknown
MAVI3 A5 EhY) B gy i H St A T ES 0.98 54.55 38.46
Arthropoda  Insecta Coleoptera Meloidae Hycleus Unknown
MAV14 A5 EhY) B gy LS aRE| St A B ) AR 0.98 36.36 53.85
Arthropoda  Insecta Coleoptera Meloidae Mylabris Unknown
MAVIS 5zt REN RHN ARHN RHN RHN 0.97 36.36 30.77
Arthropoda ~ Unknown  Unknown Unknown Unknown Unknown
MAVI6 iz REN RHN AR RHN RHN 0.97 45.45 30.77
Arthropoda ~ Unknown  Unknown Unknown Unknown Unknown
MAVI7  3i5)4) HEN RH AR RH RN 0.86 36.36 61.54
Annelida Oligochaeta Unknown Unknown Unknown Unknown
MAVIZ ifizhty  Ra RH KA RA RA 0.98 2727 23.08
Arthropoda ~ Unknown  Unknown Unknown Unknown Unknown
MAVI19 i[5 Eh# ESG AKEn REA ARH ARH 0.97 36.36 69.23
Arthropoda  Unknown  Unknown Unknown Unknown Unknown
MAV20 i Eh# ESG AKEn REA ARH ARH 0.97 0.00 30.77
Arthropoda ~ Unknown  Unknown Unknown Unknown Unknown
MAV2L 55 J& 22N Lo NE| s ARA R4 0.97 0.00 46.15
Arthropoda  Chilopoda  Scolopendromopha Unknown Unknown Unknown
MAV22 A5 EhY) N 243 H i S AR AR 0.97 100.00 100.00
Arthropoda  Insecta Thysanoptera Thripoidea Unknown Unknown
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wgF1
EPIIR T R

N . . . Average consumed
4325%: 5% Taxonomic identification 8

F%1 ID proportion of a given
ok food (%
Sequence ! ood (%)
D Identity — —
FEil ez Al
'] Phylum 4 Class H Order &l Family J& Genus Fh Species Kaoshan Maanshan
(n=11) (n=13)
MAV23 i s B o ZHEH i R ARH ARH 0.97 36.36 30.77
Arthropoda  Insecta Thysanoptera Thripoidea Unknown Unknown
MAV24 i E)Y) WRIBEN ik H ARk SR KA ARAH 0.97 18.18 30.77
Arthropoda  Arachnida  Araneae Lycosidae Unknown Unknown
MAV2S  ifshy) EL A ERZAE| R RHN RN 1.00 27.27 61.54
Arthropoda  Insecta Orthoptera Acrididae Unknown Unknown
MAV26 iz EL 4 Hi#H R prilpeEyEd TR 1.00 27.27 38.46
Arthropoda  Insecta Orthoptera Acrididae Acrida A. cinerea
MAV27 i s B ERRE| B A} NI T NZERE 100 36.36 30.77
Arthropoda  Insecta Orthoptera Oedipodidae Oedaleus O. decorus
asiaticus
MAV28 i sh B ERRE| R RH RN 0.97 72.73 46.15
Arthropoda  Insecta Orthoptera Acrididae Unknown Unknown
MAV29 i Eh# B o H#H HES IR B & ARH 0.97 18.18 23.08
Arthropoda  Insecta Orthoptera Pyrgomorphidae Atractomorpha Unknown

—HER IR A R DNA SR 7 1 5 80 FE LSS I P SR BUE A 2 Ll 1 RoRsE 4 A

Identity indicates the similarity by blasting a consumed food DNA barcoding sequence against sequences from the public database, 1 means 100%

identical.

14t +%E1l] Kaoshan 4

o .S_ * I#r1|| Maanshan Stress = 0.21
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2 o % &S 05+ o
Eg='f K Eg
S£% s &g 8 .
§E% BEs &
Bg a6 {poBZ2 2
% 5 2 Rgw g 0r
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B 2 KR¥IEHFEE MOTUs BRI &%
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Fig.2 Themean number of MOTUs per fecal sample

K3 7 MOTUs/KFERIFERE EFEE
Fig. 3 Nonmetric multidimensional scaling
(nMDS) plot of MOTUs

and the aver age consumed proportion of
agiven dietary species

REERN], SRS a2 R T S

i (t=-246, P<0.05), 5 Simpson 75 %A
Fo 7 29 B MOTUs ™, HE LA T 87 11 ¥ 3L
FIHCE R 22 Ff, K 78.57%. 3T MOTUs
K EE) NMDS 7047, stress SN 0.21, R

NMDS & HIRCRIEATE B BAEKP, SE LA
LR R ERE R (B 3).
RYE ANOSIM 73 Hr 58 LRI B 5 1L KBS 1 B2 4)
MRz, RV R Z 5 A T % 8.2 K1
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(R=0.09, P=0.053), #— 3 kF NMDS %
DI
3 Wik
31 KEEEBMERWAR

T AR S HURE, HF45A DNA %
TEM A EE TR, RIVETE K3
YIPE YA S 1 . BRA I 2 i H
FMEMES, ERIEBE. FWH. Wk H
R H 5 A A L], A ARSI 2 L BT
FHTRIEEE H R GRIESE 2007), XAJ
BE F T R IRk s 4 e b sl ol W A AR B A
B, FEEER AR DNA HBOR B e
WP o KL BRI WA, 2
LR 1T ANRE TERKE B %52 %00 13.8%.
TN, T 40%I0 B e E B 1150 25t
e Y1810 5 149 b X 50 Bk T 25 2 1
&, HERIEHSITECE, WFHEERSY
M S A 2 &Y DNA 048 £ (Valentini et al.
2010). SHEEHEEY), BT sl FHE AR
B PESI BT 7 VR AR T B IR A WA BT
B, IXFETFAERN L 5 KT BRI S A N B4
Fhia ) P2 R HE ., EAERRZS,
reads FUHT (5 BIE R M LGRS SR Y
E LB —5, 2R LR EEM (Deagle
et al. 2013, Matthieu et al. 2013). KR IFH
KH reads HORHWKEXT SV RLT, 12
i SR SRR bR, BN reads %
MEY), ArREBAE/RELE, 1M reads /b
(A AT e 3 E A ElE & &%) (Pompanon
etal. 2012). f§ 3, reads $1 £ 5145 PCR ¥4
My RS AR FEAK

TSRS T IR —1T, TR IX
Erh, B E BRSO T SR,
A 29 B 159 B, 2l R4 X R B RHE
23.97%, MEE 26.27%. KES st
S R 44.83%, 1R & TR 56
H RPN RE R B AR YK T 60%, iHI K
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