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ABSTRACT

Aims: The Eurasian otter (Lutra lutra) is a key indicator and flagship species of freshwater ecosystems. Unfortunately,
human disturbance and environmental changes have caused a severe decrease in Eurasian otter populations in China,
even resulting in extinction in some areas. At present, the species is predominantly found in northeast and southwest
China, with the northern part of the Greater Khingan Mountains being one of the most important habitats for Eurasian
otter populations in the northeast. Studying the diet composition of Eurasian otter is a valuable tactic in understanding
its interspecific relationship and the functioning of its ecosystem, which is essential when assessing their survival status
and carrying out conservation efforts. The purpose of this study is to obtain the diet of Eurasian otter in the north of
Greater Khingan Mountains using DNA metabarcoding technology.

Method: In this study, 50 suspected Eurasian otter fecal samples were collected from the northern Greater Khingan
Mountains. Based on DNA meta barcoding technology, 35 samples were confirmed to be Eurasian otter fecal samples.
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Then, using DNA metabarcoding technology, species in the identified feces were analyzed to gain insight into the diet
composition of the otters.

Results: In this study, 22 species were identified as Eurasian otter fecal samples, including 15 fishes, 2 frogs, and 5
insect species. Cottus poecilopus had the highest relative frequency of occurrence (19.35%) and relative read abundance
(27.32%) among all the vertebrate foods, followed by Rana amurensis (15.48% and 21.73%, respectively). At the
family level, Cottidae had a significantly higher relative frequency of occurrence (32.26%) and relative read abundance
(45.72%) than other fishes.

Conclusion: The results of this study reveal that fish, primarily from the family Cottidae, are the main prey of Eurasian
otters in the northern part of the Greater Khingan Mountains in winter, followed by frogs. In addition, some aquatic
insects such as Odonata, Trichoptera and Plecoptera are found in a small amount of otter feces, which might come from
otter prey. This research provides valuable insight into the survival status of otter populations, and can be used to inform
the development of relevant policies and conservation efforts.
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BRI FUR T A AR RS ST VE I R, R TT
JE LB SRIE . FRIAISCR . YIRS AR SR
T AR, X T VS 2 MU s P i A AR
O JF AR TAE R #H 2 & L (Sheppard &
Harwood, 2005; Duffy et al, 2007; Severud et al, 2013;
Kartzinel et al, 2015).

SR, UG Sl WA (R b 8 52 B e DA T
T FR A7 D9 S A A BIF 9 2 AR A T B e 23RS
BIERE . ARG a7k 2L H AR )
FEAE N SEIAA R, R SEAE PR TE AL B B IR HEAT
TEZS 240 M USRECE ) 4 R 2 (Klare et al, 2011;
Monterroso et al, 2019). RE X7 ERA K
HA Gyt USRS P RAE SR i, AR AERR
Z IR PRE(Klare et al, 2011). W17 M K EH)3
ERE S A7 MO T FEAE b W B A Y AT A R
(Trites & Joy, 2005), M EVLSMHIET . BMKHL
BTG 5T ik B B, 2 18 S R R 22 (Carss &
Parkinson, 1996). [FJE, 1Z 7 A% 78 N\ A AR 4
A RHEBEAT VA4S E B RE BRI S, 2 B
TR, o AR e L A R0 AT A M X DL
FRAE(Spaulding et al, 2000).

Fai T T EORIR &, ol E
(high-throughput sequencing, HTS)MDNA % 4 14
i R(DNA metabarcoding) (1] H I 4 £ V£ 0F 50 3 {1t
TR E R WERAI 51 (Pompanon et al, 2012;
Taberlet et al, 2012; Monterroso et al, 2019). DNA%Z
EIACE Y =D EEE% DN £ X CX N
th 2 R kAR R e 7, gk AEE B TR
SEHL O3 SR BT K E TR (R T 724, 2019). B3
D> R TSI o5 &

R B A FE U, AR R B KR E RS
S R IF TE S 1 A% 42 0 955 BN LR 22 (Monterroso
et al, 2019; Traugott et al, 2020). H A, iZH AR %)
N R A (Lutra. lutra) M2 Hodt 2 A H 30 £
P 7T HF (Xiong et al, 2017; Kumari et al, 2019;
Marcolin et al, 2020; Wang et al, 2022),

YERBKAES RGN TR & 2 —, BIEK
1 D] JHEXoF 7K S5 P v PR R A, A A R K AR S
RGBT R (Ruiz et al, 1998; Kruuk,
2006). FH20HELLHHILIR, ZEH . AR IR
BTG YeiE N O, R E MO KRR O
P E IR, HB A Hh X EL OB AR K L (1 e,
1984; Gomez et al, 2016; Li & Chan, 2018). AR
FMPHE, TE1988FERRL At O 4k (1 K = s e
WA ) FIAE K g E SR B AR
AR, BROWAKHI 3 2250 A0 T3, B R AL Apg
FaHh X, A R N2 8 2 2 i 2R AL X AR R R AR
SE Mok X 48 B VL4, 2018; Zhang et al, 2018; 7K
A%, 2022).  H A R A8 BT 7 3 AR TR A
FhEESE B (2 VL4, 2018; Zhang et al, 2018; 5K %%,
2022). VEB TR TS, 2021; S EHRSE, 2021).
AE 35 (Wang et al, 2021)Z545038, . 4R 1 5 [ /K A
BB T RSB, AAEDY ) S0 3 SRR
P71 X I i sk 25 T FE A (1 KO & PR 75 (Wang et al,
2022), ZR At DX RO A0 ) £ T 7 5 S

AT FT DL K % 22 08 b 350 BRI 7K i 4 44 0
(Lutra lutra lutra) B 4= P RO S0 A S0 bR, F)
FHDNA %% 5 T RS H AR B 5 A ) 4 R DA 56 35 3R
ZR AL X BRI ZKOH T A Ao e M RS S, ATE
fili FAEARIRIE LA B it 5 PR3P F Bt SR AR 3R
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11 #HREXE

W 9C DXL T A B AR AL R D% el I3, 5 e
TAES5NZEEBRXHREIATEX . %X IR)ET
FEW AT R I PETE AR, £FLAEK, TR
AE0.2-3.1°C, W i fIK < ATk —40C UL, &
PR WI9165-175 do XA E 107 R
TriaE R, BESH FAMYE, HEEE AL
RBESE, 2017) . BEFUIK S S DAL | ) 45 i
TWERNEME, 1998).

1.2 #HmREMERE

R 22 U b8 1 BRI 7K 5 B o o A T N
1% FERUIR TR Bk, i o] BT RIS
FEE(EVLAE, 2018; 5KHESE, 2022). % T30, ABHFT
F20204F 11-12 A J2 20214 12 A 16 K2 2205 JL 5 5
oL A A B 2 G 3 AROR A X (LA R TRIRR AL ) K%
TG MOl AR A R AR Bl 5 Bl X (BA T faTFR IR
H) PSR RN 22U A A R R e — T ARl
Jey e Ml X (LA fT AR 5 — Y1) A1 H 0] AL e it sl X
(VLR fRIRRH T P, SRS S ABhIRR TV 7K it 385 (50 A i 3
504 (El).

PCRY™#4& £ 425 pL, HFEFEFHDNA 30 ng.
2xTaq Plus Master Mix 12.5 uL. 1E&5I#)%1 pL (5
uM)LL K2 ng/uLA- Ifiii & H(BSA) 3 pL, ddH,O%k
78825 pLo PCRIRMALEIT 494 °C 142 145 min; 94°C
30 s, 50°CIBK30 s, 72°CIEMIG0 s, TEIA3SIK;
72°C ZE{H17 min.

SRFER TAEN SRR AT PR AT, AR RO K
Wi B R E Je SEAERFAEHE A B ARFE il o SRARKFE ST,
R AHREREISIFT

Table I  Sequences of the primers used in the study

i EE— Ve LR T2, BRRHR BURE i 5 S 4608
(55 DU A XI5 e, DR GPSAL R, REF [A]
LRSS B TR 0 B2 N E I8 FE
F TR S AR KEERR 150 mL 5 O3 AR
17 (Wasser et al, 1997), 7 [BISLE=E 5B £ -20C
IRIRLRAT -
1.3 FEEDNARE. #iERMFHEE

FE{F R 5 8 F QIAamp Fast DNA Stool Mini Kit
DNA 2 BUR 75 & #2 BUDNA, 4R J5 1# Fi Nano Drop
2000 (Thermo Scientific) & DNAK B A1, ik
AP AT YR 552

N T R A AR R R A RO K B, )
FH BRIV K ks 5 51 ILLCBL/R (2 1) 288 v 22 k1
{ADNA Cytb%:[H v B AT 3, ¥4 MKEh
80 bp.

PCR =W FH 1 %03 R W e A LK EAT RS, DA
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Fig. 1 The locations of Eurasian otter feces collected in the
northern Greater Khingan Mountains

519 FHXE 55 P 225 3CHR
Primer Target Primer sequence (5'-3") Product length Reference
LLCBL/R Cytb F: AAAGCCACCCTGACACGATT 80 bp Thomsen et al, 2012
R: AGCAGGTGGATTGTTGCTAGTG
12S V5 12S rRNA F: TAGAACAGGCTCCTCTAG 98 bp Riaz et al, 2011
R: TTAGATACCCCACTATGC
OBS1 - CTATGCTCAGCCCTAAACATAGATAGCTTACATAACAAAACTATCTGC-C3 - Kumari et al, 2019
HomoB - CTATGCTTAGCCCTAAACCTCAACAGTTAAATCAACAAAACTGCT-C3 - De Barba et al, 2014
BF2/BR1 COI F: GCHCCHGAYATRGCHTTYCC 322 bp Elbrecht & Leese, 2017

R: ARYATDGTRATDGCHCCDGC

20234F | 314 |64 | 22586 | 37T



IR JE T DNAZ SRR HAR (K% 22 LA RO KR & Z= Bk 0 #r

DR ZK UL RRE i 9 BH XS B, DAZE(HEDNA SR I
FUAFAPEXT IR, G700t H AR SR G . CRE 980 bp
PIRE St 24T BV S A

14 BMSHTEIPCRY EESEENF

141 BRMESHHIPCRY &

T o FE A RIE VDTN S, 1E4T 2 T DNAZ % %
T 7Bt o i o BT XA HESI Y BTt i)3E H
519128 V5-F/12S V5-R (& 1)k} &0 g HEZ) ) 2%
KAAFE12S rRNA V5 BOATY 1, ¥ Bk
J& 598 bp (Riaz et al, 2011). i%X} 51 ¥ Fl 1 H A
HREESKME PR, RN HTROE K8, %
%J(Panthera uncia). %97 (Prionailurus bengalensis)
G2 NI T &P B (Xiong et al,
2017; Kumari et al, 2019; Harper et al, 2020). 1§ /H 1%
M5 YHEATPCRY YIS, REWE R 471G Hi &8 b K
7K Fe H W IDNA, 8 /b BRI K HiDNA LA
S AE N KDNATE G+ 19 H 0 £ YIDNA Y G 1 52
Wi, ASHIE S A% FH WO 7K 55 BE B 51 7 (Eurasian otter
blocking) OBS1 VA A\ ZEBHFE 5] #)(human blocking)
HomoB K4 il Kk ME. 7K i 55 N FEDNAFIH 4 (Kumari
etal, 2019),

BEAh, 7RG R A UL A HESh I E N &
VIRIF W] RE, AN FTI% A RHR K TG B HESH P IT
RIEF 51 YBF2/BR1 (3 1)} 2848 op I H HES) )
SRR FER COl y BR b AT o 18, I8 BLK A
322 bp (Elbrecht & Leese, 2017).

PCRY™ 11k % 425 uL, H4EFEMHDNA 30 ng.
2xTaq Plus Master Mix 12.5 pL. 1E&X5I#)%1 uL
(5 uM) LBLK2 ng/uLA MG & H(BSA) 3 pl, 54k
1E12S V5519044 R P FHRE 51 #3(50 uM) 1 pL,
5 i ddH,O#h 78 225 pL. PCRJ N FEF 94 °C 148
PS5 min; 94°CAEPE30 s, 12S VS5#k R60°Cil k.

30 s, BF2/BR15|¥11& 250°CiE k30 s, 72°C ZEH60 s,

HEAT3SAMEER; 72°C ZEAHT7 min. [FINEREHEKY 1Y
I I\ 26 DNA B LU L ATAS LA DNA [ PCR
7 FAE 0 B DU B DN AT S Bt I o
142 SRENFRBIELIE

PCR™ A8 F 1% 350 A R 8 Jisg v i A I 47 3 2%
i K/, FFH Agencourt AMPure XPA% IR 4ti4k, 1t 57
BOATAAL, SRS EDNAN S AT mE &
J¥ o W 7SR F R s U J77 75 (paired-end  sequencing),

B3 1324300 bp, & Alllumina Miseq PE300
Z4i(Illumina Inc., San Diego, CA, USA), Hidbm %
PRI IR A R A 7 58

W7 58 ik J5, 18 A Trimmomatic (v0.36). Pear
(v0.9.6)5%F i 4 Bk AT o7 2 428 1) 2% R 2 N Ak 1)
DNAF4. 2 JG1EQIIME 2% 14(2021.11.0) (Bolyen
et al, 2019)/{# Flvsearch (Rognes et al, 2016)fR#
i 55 B overlap ok R BEAT Hf 4L FE . PH%)a, Al
FIDADA2 (Callahan et al, 2016)%} & F 7 51347 i
ML B KA, XA T RETE
%A 14 7 51| A% 4K (amplicon  sequence variant, ASV,
AL BL100% AH 8L FE 5 38 1 wT 8 4F 70 2K g
(operational taxonomic units, OTU)).

TR IG A A AR AT AR, PRSI
KA R ERT % X B HES 128
V55 ALY S ) 7 5 EdE, R FTBLAST =38 LE Xt
5N b R T VA (R LA, 2019; ARHT 77 4%,
2019). HAKJF5v% N, MANCBI (National Center for
Biotechnology Information, https://www.ncbi.nlm.nih.
gov) N EINTH 95 F, ff I BLAST+ (2.13.0) [
blastnf 7> #4 A S50 3145 I ASV 5 Bl PR BEAT EEXT,
PAFREANASVIYIFERE . 1AL, N T S 4 R
EEVE, KA G AR R E B0 A — 8 AT
EE X o

H& T BLAST Jay 38 LL Xt ) PP 51 ) A 24 5 ] o3 26
JEALHE: (DEEX S5 R —BUE > 98%I), HILACH
F U0 N — b, HAZY) A AE A oA, A
NFFFIREZYF, iAo AE L Femr, T
IR G B G A ) b — 2Ry 2K BT, BIL
B F 0 N2 22 Wit S R B 2 0 20 A B ) A
AATY ) AN LE ol U3 R 45 SR AT 9 TR e X e 4
(W d /NGy R TT, AR AR M R, e
B 5 LRI SR RN R BTG (2)2495% <
PExd 25 R — U5 < 98%MT, FULHC/ T FI A 1%,
HE5HRZH 5 — B Z 2%, Wit —3
FE e Fr A _E— oy B B ILEC 910 N %
ANPIARINE, TUC N BE IR 5 4 R T A A BN oy
RHETT. B)HEXTEER L <95%H, F5IPAiE
B AL AR

XS BT TE S BF2/BR1 5 ) 4H 57 1
P 51 B, A 2 T AR 3R DU B0 iR B O RDPA) b
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Iy RITVEHATIERE, 276 504 i M blastEE XS 45 3
FJ % (Schmiedova et al, 2022). BEAKGERN: HH
BLAST+ (2.13.0)% 5256 7 3R 5 I ASV 5t 2 i3t
AT EEXS, $RIAT250 5% LA — 3502 Hh v 2 HEF 1 R
U5 7 41 41 12 26 Bl e o A3 ] QIIME2 B4 v 11
feature-classifier classify-sklearn (Bokulich et al,
2018), X ASVf# I & T ki 2 D127 J5U 2] (G RDP )
Ty RASHAT 0K, PREEENT0%. 73R R
s & AR BT N HER, iRy AR
LRI, 10 A G 2 R T G ) B /N g3 2R
T, AR H K.

Yty Aifs B 2% (BRILEE) (FEHE,
1981) (R Ig(Hh B B R0 T ) (GRS ]
5, 2021) (PR ERANSHYIFPRALELD) (F =LA,
2007) (RRIGIL b W3 22 BT BUR W Sh MR v%
GER R ELAEFRORERD) (R 24R, 2016). (P E
EMYFh 4 %) (The Biodiversity Committee of
Chinese Academy of Sciences, 2022),

YoktRe e a, HBR AR %5 8 O 7 51 BA SR
L8 AN K AT BE N BRI /K RS ) B P A e 31, A4 N
Heo BRI A, Hw. B KAEMMEY
(BFER I G, W28 LN S (R
e ce sl B L Bl EDRF S BeAh s — MR
ASVFFEULF RIALIRPCRZS (% I b 1% A4 i
SFE BB 1%I, W\ i% 5 51 AT RESR IR 58 X5
P, EFX T, ZASVAS HHBFEREY)
SREIHEY . BRGS0 IIE E RRE RS Y)
T2 AR 7 7 91 S5 B0 T 1 2eat 20 7
15 ®MHHEEI N

i 18 J B 20 B 5 S DLAH S H I (relative
frequency of occurrence, %RFO)F1H Xy %1 = J&
(relative read abundance, %RRA)H M5 Fr(Deagle et
al, 2019)K 7R o

% RFOJE 5 — YR I 72 BT A b b 1) H LK
o pra A ) S BB B b, tHE A
R

S
|
%RFO:TZK—IS"kx100% (1)

i=1Lmik=] 1K
Horb, SHARFE B, TRWIFERSE | NTE
INRREL, UPRR AR kP AR B 1 N,
ME 0. HATATEI, 455 %RFOZ A

N100%.

YoRRAE = — WA 270 1K 77 1 5 %R i S )
FRBFFIE b, [ T AR, HEA
AW

N
%RRAzlz r}k x100% )

= Zi:ln’k

o, N ROBE RSB, TR S BREL, mode
FRETERE kP P 518 AT, 4239
Fh 251 % RRAZ FIT A 100% .

oM 4 R R A R AR B 2 K,
SPSS (26.0) A AL R A K ruskal-Wallis HAG 5,
a3 A LGRS [ P 253 18] (1 % RFO 22 53 L K %RRA
ZE5t

DNVEAFE i 20U 75 R 05 AR 3R RO KO8 £ 14 45
B, EHR (4.1.2)F veganti(2.5-6)%F £ i ik i 3k
BRI ASVI D Fh BRI L

21 YMEESSRENF

ARHIF T T K22 08 L FBAA I T IX H SR AR R
MEAKIBIL A RE it 103 S BEAL K IS (AL 55000« BRS
Uy DNASEHUR A A4 L 1043 AR Y48 H H br 2k
b, B3SO EAERE MY 3G H H bRk, S kRN
KO K Ht, o 204y, MEAefy, w—i 54,
Himatr (1),

Xf B35S O % B AT B R b, o
12S rRNAX 354504 38 R ), COINX AL A Thd 38
1567 MPLERELIE. B, AHF54HE, 128
rRNA X 3L 51580120 bp XUt 7 51| F % 5,855,222
%, FRIEFE AN 167,2924 7 51(22,288-800,671),
FHoA1.22% 3k B B KA N2, 7567 3.83% 1K T
1% BIMH, HR94.95%H T H &% 54, COl
X I3 3549300-350 bp Wi B¢ 326,935%%, ¥4
U FE R 21,7965 7 51(1,294-40,396), H:r137.329%3K
HABE . HE . EPLLAGESR, 19.85% K& H
K, FA1.03%K B /NI ATEY), 0.58%K H K
AN, 5.37% 8 T 1% H{H, HR35.84%H T
JE TR B AT
2.2 BRIEKERM ST
2.2.1 12SrRNAXIE

AEFRZE R IR, 12S rRNA XA R0RE i HUN35
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(F3%2), ¥ 2RI 18 J5 SL3RA5 1 TRPAS [ (1) P e 28
ll, A 11RR %58 BIFIKST, 650 % 5E B8 7K (£
2)o FIEWIRIZER T, %RFOM%RRAK T 10%[125
WA 24 i At A2 £, (Cottus poecilopus) PA Az 2 VT bl
(Rana asmurensis), 24 kRS2 £ AH X HH LA
AR XS P 51 3= BE 35 e v, 530l 9119.35%4027.32%
(#2). BUKFE, #ACHFRL BERL LA SR T
AR H RS 28 FAR X 77 41 = BE 38 K T 10%, HHpt
Rt R R, I N32.26%4145.72% (KE12). WA

VIREEE, ML, 17RRh A, mH 1S
Fh, VMR E (3R2); HIRAE KM %RFOM%RRA
A N81.94%F171.06%, TEBHESIPIYNFIZAIH K
TS (1K2). Kruskal-Wallis HAS 3645 R &8, #}
Kb, AFEIFEZE N TE%RFO K& %RRAZ THE
TEAE R F 2 5(H =107.08, df = 7). 2550 ot Lk
SRR, MBS AR A AR EE R

BHESH YA BRI 2R R, B RS BRI,
ML EIFPEHESIYIASVEE A T R20E, UL AT

F2 KARISILERER T KHHZEE(N = 35) 12S rRNAXIG B /3 #745R
Table 2 Results of diet analysis in 12S rRNA region (N = 35) of Eurasian otter fecal samples in the northern Greater Khingan
Mountains. %RFO, Relative frequency of occurrence; %RRA, Relative read abundance.

PR Species taxa

HIUBE AL Occurrence AN HHELSTR %RFO

MXHFPERE %RRA 44258 Biome

Feth k42 f8 Cottus poecilopus 30 19.35 27.32 #12% Fish
BRI AR Rana amurensis 24 15.48 21.73 I Frog
7 FCFE A2 ff Cottus czerskii 15 9.68 16.47 2% Fish
ZJbMkiE Rana dybowskii 4 2.58 721 2 Frog
Zifift )& —Ff Barbatula sp. 13 8.39 5.47 #12% Fish
Fifi Phoxinus phoxinus 18 11.61 5.09 £ Fish
WKWk Rhynchocypris percnurus 10 6.45 4.65 2% Fish
WEVLIE £ Thymallus arcticus 8 5.16 2.96 2% Fish
$r I KW Rhynchocypris lagowskii 8 5.16 2.81 824 Fish
HApIT H kA 1 Mesocottus haite) 2 1.29 1.54 8% Fish
T £ & —Ff Thymallus sp. 4 2.58 1.43 125 Fish
LS JE —F Lampetra sp. 4 2.58 1.08 125 Fish
B KBS Perccottus glenii 5 3.23 0.81 #% Fish
{L4% Lotalota 4 2.58 0.66 £ Fish
kLA £ JE—# Cottus sp. 3 1.94 0.39 1% Fish
KWfi%JE—F Rhynchocypris sp. 2 1.29 0.33 125 Fish
TE8#Jm —Fh Cobitis sp. 1 0.65 0.05 #2% Fish
(@) ) Vo3E#ERL Odontobutidae, 0.81%
7} Gadidae, 2.58% 885} Petromyzontidae, 2.58% 7} Gadidae, 0.66%| /tm%ﬁé};;uﬁmﬂ?iach 1.08%
' o YbIEGER] Odontobutidae, 3.23% ’ o ymaticas, 8,57
R} Cobitidae, 5.52%
At Fl , TE f8} Thymallidae, 7.74% ,
Cottidae, 32.

f#} Cobitidae, 9.03%
£412K Fish
81.94%

anidae, 18.06%
#F} Cyprinidae, 24.52%

Cottidae,
#HA} Cyprinidae, 12.88%
412K Fish
71.06%

+ Ranidae, 28.94%

E2 BIKFELERARIRIEERERILKHISZEE(N = 35) B HERNILER . (a)EXfHIRE,; (b)BXFIIFEE.

Fig. 2 Vertebrate of Eurasian otter feces (N = 35) in northern Greater Khingan Mountains at family level. (a) Relative frequency of

occurrence; (b) Relative read abundance.
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Fig. 3 Species accumulation curve of diet analysis in 12S rRNA and COI region

FT3 KARIGILERER LK IGHEEE(N = 12) COIXIG R D TER

Table 3 Results of diet analysis in COI region (N = 12) of Eurasian otter fecal samples in the northern Greater Khingan Mountains.

%RFO, Relative frequency of occurrence; %RRA, Relative read abundance.

YFh2E5) Species taxa HBLAE 2L Occurrence X HISZE %RFO AN FHIFERE %RRA  AW2KEE Biome
It H Odonata 8 20.51 33.86 4 Insect
EMH Trichoptera 9 23.08 25.92 . Insect
M H Plecoptera 7 17.95 18.74 .4 Insect
I H - Ephemeroptera 8 20.51 15.87 EH Insect
X# H Diptera 7 17.95 5.60 4 Insect

FE it B0 2 DA ER R Y% 22 U8 b 38 4 2= BROTE 7K Jit 3
fE S G DL(E3a).
222 COIXIE

Wb FR L5 R R 7R, COIXISA A BN 12 (s
3), VRGP KB BRI Em . A
EVIRBEE, SPhNE 8 B . BT 2800, %RFO
KMY%RRAK T 10% M Al H . B E . S E M
i H (%3), Hilg H(%RFO = 20.51%, %RRA
= 33.86%) &2 AH B MESN ) 1) 32 B B 4y o A
FH b 37 B A Kruskal-Wallis HAS 56 EL 8 A [ B 1] 1
%RFO X %RRAGE T1HE % 5, &5 RSN H K1)
YR A HE %RFO [ %RRAGE 11l _EANIEIE 2% %
o TEMESIYIF BRI BOR, B RS R
F3E N, 2 ) IS EHESh A ASVEL BT 2 F
Fri&a%, Ui BHAHE TN 7 5 2 0O R DL i 3%
15 o JCE HESH ) B A RR(EI3D)

31 YIMEE
R K — A, 2 AR 2, R

TEANERIATIALS km, 178000E, 1TERRRR, HE LA
NE B (Erlinge, 1967; #55FA%E, 2021). [FHT A
Y9 H FRBIRFAH BA), SREEX I H AR
BCT10°C, e (I8 R T i5—40°C, AN AK M
Mo DUHE B2, 2T A/ AE AL A6 K S M 8 & 52 W i 1R
SO H TCIVE IR LA, BRI DUl i B W s HA
AT IR SR . SET o TEDFNRE,
i 5 T 25 (F DNASK LB W) 20 i 2 oy B PR 5
) FIRTTVE o SRTIIZ T V2 7 B Fh R B A 1 20
FEanAE Rt 7oA k), DLIRE %49 tH T R 1 B e R
(Morin et al, 2016). {HIET FEAHETLAFHE KL
FEAEA R FUSRUS I AU, S5 5 5t 0245 2 ORAE,
AT 1 7E B 2 7 BT 6E R it 1) J5 B S b SR U AT
For U s 2 A5 U N B L (R EHAE, 2019; Harper et al,
2020).

AT T R 22 0 A3 L SR £ B AL /K i 38
FEERS007, 78R AE I LT RO AN > 1, AR5 55 Hh
IR I8 LA R S0 TR A RRAE T4 9 BRI K B 36 15, B 5
1y DNAHE IR B A G & 1047 K538 H B b5 5% 71
Gh, FIRISOr I RCINY1G H H bR ok 1 4 E U E X
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KW, A B NT70% . ARSI H S YY)
b 4 58 B B BT A FH B 51 40 9 B 0 BRI 7K 0 4 11 1)
R 5% 51 LLCBL/R, %519 C 8% D) R H T3 K
A A R 48 WO KRR Al (Thomsen et al, 2012).
[F) I E J5 S B P A BT BOR B HEBI ) 12S rRNAX
WEAT T IS, 3500 FF b b 3 AEAE RO K 7 271
HIEH A & #F5, U Z P % e 7 iERN
CIET

AR S B TR ASAIG  HE0E T R AT R S R
R IAE i B B AMEBURAF T EA 2 R 2 T DNAK)
R . H RTBCHT IR T3 EDNARI S ) B HEwE 7T —
R AR OR A ZE A, B SE H JE /K B 895 %11
FEIRE24 WG, BRI #1T-20CLRFF(Shao et
al, 2021; Wang et al, 2022). HHIREY, KHAPH
FEEBIMAGEL, fe A I 5 =k
JDNA, 7EPCRSZSE A A 5 & 1 5 2 % (Nsubuga
et al, 2004). Ik, A 70H BRI B HEATIGIHR
PRAF AT BE 2 X DNASE UG 14 1 28 it s, A
YT N PR, R 7 E R 1) e, RE a8k
6 & B3R WA R RE VA VR AR AT B FE AT vl LA
T BT, BB T0 7 XA R Rk, A
WK AE R H PSR AE-10°C LUR, MR
BRAR T ZAEDNARIRAT o« PR AT 78 A 4 FH 7 3%
EORAF T 51T Be AN T oAb X Bl AR =T, )
— N PRI AL B 2R 1T RE R R B I 2 5 SR VR
TAERRE A, R TEEY B Hbr k. b
8 ) A g RS R SR A R B 2 (5 S AR A IR A T T
DAY /D [ i B vy SR PR 52 0]
32 ‘MO

& G0 1) Jk T TR 25 57 1 BRI 7K 0 PR 9 52 PR
TEWFRE NP, FE R B S e B
1153 2K, RIS BT [RRA B T & AT 2 S =
I, UL HE DLAEY PRSP BRI AT 1 B e 25 R
(Britton et al, 2006; Smiroldo et al, 2019; Marcolin et
al, 2020). HMFHDNAZ SFKILAGEIAR, AHEFT D) A
DRI 7 Jt 26 A8 rh 55 5 4 SR B0 R R Esh M 3Lt
1M o3 28 310 H B JC B MESh M) SL 1 54, o H o Ak
W) 5y NG FE 5 R RS FHDNA %2 2% TE 5 1 & PR
FTHH 24 (Harper et al, 2020; Wang et al, 2022). S A& 4
PR, Uil 7 DNAZ SR IEASE AR AT H TR OE
e iR= g ER TSI R S I SNV SN AR

AT FTALE 1 P9 2EL 51 73 9] R 78 WRIE K i x
TSN S R B I 0, RERET mil
IR g BT DU T2 g &, Hi T A
[F) 51 53 D R 5 ORI 2 e, P F
SR Z AR RAAE 2 RAEARN, HAHRIEE
55, DRICASHIE T8 AR PR AL 51 9 3G 3145 1 B 1t 25 R
4T 4t — 43 M1 (Pompanon et al, 2012; Kumari et al,
2019). ©ARIFLRY], WOLAMIE AL T Ul &
&, AR R 3 G g SR 2 e, (H
FEEEN T, HRENWEY. 53K, R1T3)
YR TCEHESIY)(Clavero et al, 2003; Krawczyk et al,
2016; Lanszki et al, 2016). [F]F] 8RR KM & P
FEARZENT ANEALE SR AS[R] B X e A7
TEZ2 5, AH A ATy & /KM & P i 32 SRR, T A
BN AE R € B2 (U0 & B 22 BURE 58 KA (B
NBRIR ) AR Dy i 2R 1) S ) kb 78 (Taastrom &
Jacobsen, 1999; Smiroldo et al, 2009; Krawczyk et al,
2016; Lanszki et al, 2016). AMARF ALK, RRIE
IS o IR s, (H S a YR E
IRAN—B%r, B EBEM I N T, RS
W) (Krawcezyk et al, 2016). Bl R4 A 78 5% 99 28
SIS B M BEAT o0, AEAR R SE dESRAE
AHESIINE N EE T YRIFHEAT I 18

XPEMEBIYI12S tRNA X 357 51 1 43 b 45 R 3%
B, DR 22 U8 b 0 RO 7K i & 2= 32 B B R
(%RFO = 81.94%, %RAA = 71.06%), k2
(%RFO = 18.06%, %RAA = 28.94%), M AHHEY
K. AT SN EN ) IX— 45 R 5 BRI
DRI 7K B PR RIE e 285 SRAHAEL, L W4 AT A2 DA
FKRE, HIOIMEIY, AR H AL 1L R AR <
BT KL 24 B 528 /N LB S A B
¥J(Clavero et al, 2003; Krawczyk et al, 2016; Lanszki
et al, 2016). Hl41, Harper:(2020)7E 3 F b #4024
H5E T DNA T 2% TE A5 AR T F WO K Bt & P 7
R B ) 32 22 98 (81.1%), FLi2 A
SPN(12.7%) 5525(5.9%) R FL2h4(0.5%) . [F A
R BRI A B PRI T B, KO i e
UGN SRMEI Y, AR HICITH)
W)(Wang et al, 2022) ABFFLH, SRR A HhafE
—RMRE A TR MESI YR . X AT RE
AN ER AR, MBS, TITEhY. WALsh
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SEW PP TR 2R S A L (Weber, 1990). BE4h, HTX
ZHHXIR O AR, Wom KA T, EKIAK Y
FHE ] B B SRR AR I S RF .
W HTRERREZ, AT, AHE 7T A8 A 1
BN EI 128 VSFIHA RN B B HA
M (Kelly et al, 2014), FILEFTFEZESWREE R
5378 5 i LI T TE B RV P RO — i 5 .

AHIE T RO KR 22 4 B 2R ekt A0 f L 7 IR
#1421 (Cottus  czerskii) %5 #1521 Bl 1 95 (%RRA =
45.72%), TH/D R HAL RIS XA FEE H T EOR
T 247 £ 7% Bh A2 AR BN AE ) R Bkt
A o RAE AL L A AL s R RTE RS ERILN
AINRLR 2 R TR KK R BN R 41
F TR, HRRIAAF T KRB IR S 48,
TEEhRE J1H 5, S AL RA KR R R, T
HoAth 825 B0 K W g (Rhynchocypris percnurus). B
fig(Phoxinus phoxinu) %5t J& - ¥4 7K 14 /N Y £ 2K (1
HE, 2013), (HHIESRE IH0E, R ENFEEZ
R RER S TE] o 5 AT 78 H K i Sl 6 M fm) AH AL,
CAFEA W TR B, W /KOt B8 it 1) 3 2 7% 3h 2218
FNEE/INEI AT 125 (Hong et al, 2019; Harper et al,
2020). HAAREFLHE H, WO A SE 50 B fe b
EE B AR 2 (Kumari et al, 2019; Wang et al,
2022). WF Fu4h S 2 57 0] B 55 A0 2 1 AE ) () e e A
FEREVIRADC, A B T 32 520 S M A ) 2 ik
IR | 2275 45 R 2K 52 0 (Wang et al, 2022).
I AR A 5T A5 H PR BRIV 7K 0 £ 258 s 2 A 1) S5 2 475 75
A RS L, EAFR SRR AN E
T

Bk T A SHEMESIIRI12S VSEIMAE, AT
PRI WO AWl & o B HESH I AT e, AHIE FEab il
F 7 EE X T8 MESI Y K BF2/BR1 5| ) % 2% [ DNA
HATY 3G SR KIER T KBS NI
;Y. REFELEMESIAN, EY G THE. B
B EERDLREYSEIE B HESI P S JE TR HE
BN T B I P A2 AT e TS A 5l A 1 1 o
m A AERE Y G . thAMEY) . IR KR
BB B WSS LS N IR Sh P (LA i 22

@ B (2021) ARAEHBIX A% kA2t Zobr Ak 4 i DR 217 ) s % gt
2RV IT. B0 SC, R R, L.

5 5« Bl 5P 5007 A vl fe A F N R e —
[FlY 48 {2k B P~ A Tl 22 (Alberdi et al, 2019). A
R DA B T TR, A SR 1 IR LA K
A] BE R BRI KA Y0 I A e B AT 70 A o

X TG #ME BN P COI X 38T 471 (1) 43 #1245 SRR B,
WO K Al H . B E . B3 E . o7
i H AR B & R, HIEH AR KRB To G MESh )
ARAE, IXSR WA 78 XK A Pl Redl & B IE v &
Wb g, (H R BN ERIE W EW L —, AR
e 2 7K Mt B 2 B K S v . AR
XKW, BEHE. BEHE. fRbE SRR RO
{0 3 EAT Y RIR CE 50, 2015), HIET B854
SR, A B d s, N B B (e DL
A = B ) W XGH H MW H B 5 KM R &
(5 B K L 47 60 ) s 8 I 7E %RFO J2 % RRASE
TME AR EZER . RRHFESST R RIEE
AT REARYR T R R B EH AN . BRIR
B OAM ORI, RO KMEE B RO 2 AR
B KB E H (Carss & Parkinson, 1996), HAHI<&M:
WM, BHR— BRI EE Y Y =
2H B 5B 53 (Krawezyk et al, 2016; Lanszki et al, 2016).
TR, AR A SR E . b H %
EHUI R 220 LB RO KB A 2= i e v,
AP T IEAR AT R IR . BB, R
GRMIHEMENYIAAAE, X 0] g 517 S HAH A
MEEMDEREVIIR, FRXE N RETRIR
DTEREFLIX I B R IR S B RS R AL
BHESID).
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Appendix 1
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The valid fecal samples of Eurasian otter screened out through DNA identification in the northern Greater Khingan

https://www.biodiversity-science.net/fileup/PDF/2022586-1.pdf

Misg2 BIKFERMZIQILERERIL K HIZEE(N = 35) 12S rRNARX ST RLER

Appendix 2 Results of diet analysis at family level in 12S rRNA region (N = 35) of Eurasian otter fecal samples in the northern
Greater Khingan Mountains

https://www.biodiversity-science.net/fileup/PDF/2022586-2.pdf
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Appendix 3 Results of diet analysis at order level in COI region (N = 12) of Eurasian otter fecal samples in the northern Greater
Khingan Mountains

https://www.biodiversity-science.net/fileup/PDF/2022586-3.pdf
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MisR1 4L E ik H B B RER Wk BB+
Appendix 1 The valid fecal samples of Eurasian otter screened out through DNA identification in the northern
Greater Khingan Mountains

FE g SRFEHIX 2 “@g SRAE T[]
Sample code Sampling site Longitude (°, E)  Latitude (°, N) Sampling time
1 H Ganhe 122.98 50.94 2020.12
2 ¥ Ganhe 122.98 50.94 2020.12
3 H Ganhe 122.98 50.94 2020.12
4 H Ganhe 122.98 50.94 2020.12
5 41 Huzhong 123.84 52.18 2020.11
6 I Huzhong 123.84 52.18 2020.11
7 I ' Huzhong 123.44 52.09 2020.11
8 -1 Huzhong 123.44 52.09 2020.11
9 I 71 Huzhong 123.44 52.09 2020.11
10 I =1 Huzhong 123.44 52.09 2020.11
11 52— Keyihe 122.61 50.23 2020.12
12 i Keyihe 122.62 50.23 2020.12
13 52— Keyihe 122.61 50.23 2020.12
14 0] Keyihe 122.61 50.23 2020.12
15 0] Keyihe 122.61 50.23 2020.12
16 %+ Panzhong 124.11 52.92 2021.12
17 #t+ Panzhong 124.11 52.92 2021.12
18 %+ Panzhong 124.02 52.82 2021.12
19 #t+ Panzhong 123.98 52.81 2021.12
20 %4+ Panzhong 124.01 52.81 2021.12
21 %4+ Panzhong 124.01 52.81 2021.12
22 B+ Panzhong 124.11 52.91 2021.12
23 B+ Panzhong 124.11 52.91 2021.12
24 B+ Panzhong 124.11 52.91 2021.12
25 B+ Panzhong 124.11 52.91 2021.12
26 B+ Panzhong 123.98 52.81 2020.11
27 B+ Panzhong 124.00 52.8 2020.11
28 %4+ Panzhong 124.00 52.8 2020.11
29 B+ Panzhong 124.03 52.82 2020.11
30 B4+ Panzhong 124.03 52.82 2020.11
31 %' Panzhong 124.10 52.89 2020.12
32 %t Panzhong 124.10 52.89 2020.12
33 %t Panzhong 124.11 52.91 2020.12
34 %' Panzhong 124.11 52.91 2020.12
35 #tH Panzhong 124.11 52.91 2020.12
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Appendix 2 Results of diet analysis at family level in 12S rRNA region (N = 35) of Eurasian otter fecal samples in
the northern Greater Khingan Mountains
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Appendix 3 Results of diet analysis at order level in COI region (N = 12) of Eurasian otter fecal samples in the
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