B & Chinese Journal of Zoology 2023, 58(1): 30 ~ 42

HME B = TR AR AR X =T st
ENYIESALKZE SR

WEEY | E®T HEEY RKEHY HeAY KEEd

© EMALRMWRFRF TSR KFF 130118; @ HMHAMLALZER T, KELamEiES

@ HMAFZHMHILE 2 1326005 @ JR ZIREZESELRSER EK 4041205
® TR KFIR AR KF 130118

FEE: TR A 25 00 10 22 57t DA R H G e SEE I AF RO WL 7E A2 25 2 E AN ) S8 P R Rk 23 OR pe 3 5
T FL AT B S A N B S 5E (Martes zibellina) #WE3 (M. flavigula) FIE8H (Mustela
sibirica), FERACHBDCH FIRMAG . JRII = ILENLH], ABTFT 2019 4 11 H £ 2021 48 11 [, f£
EIE R T E MDA 41 GLAMENL, XX =Fhah Yo RevE 2 5 A1 s 8 A i el JF % E 10
FAELEI ZH B AR AT B IR A BRSO, ZDAMERLIE IR I 29 971 AMEHLH, FLIRIFEESE 99 sk
SEA AT, EWESE 81 UM MATT, R 163 MO A0S PRI A LIRS 7 NSRS
B, 17 ANEGINEEIAL S, 29 MERINE AL . SRER, E5MmE T RATEE, BIANESITEE Drar
H70.7%. HEFEEA FES T EAL, B ESTT R E SR 4 N 0.864, 15 HRIA KIS )
I TS TF, 3 (6 HE B 1T BS54 4 0.330. 5858 B B SR I /K U (K m il R X (¥ 4 AR
HEGHENREE S ES, ZH IR MESSE Schoener’s D (D) F Hellinger’s-based I (D {H
433124 0.531 A0 0.809, T 455A 55 8 RilAH T [m1 ik, — 35 A b3 40 A B B % Schoener’s D (D) F Hellinger’s-
based 7 (1) {43719 0.307 F10.590. B kSR il HRTES), BRITESIHEE Drat 9 90.1%, 5 EHAK H
WA E SR, —HOHESRESER A N 0.282. BRSBLE P RIHR I KT AR
2, SEEESE TR KRR R D i B B8, (I /34 8 F Schoener’s D (D)

Al Hellinger’s-based I (1) {E43519 0.456 F10.752. #EIRINRATYE, RIANESIIEE Drat N 72.4%,

F ARSI E R A B3 R PR X, R 1e) TV& R AR RS, LB SR AR . BT
T, BRFA. RSN R I PN [ Y S S Y SOR R B E A T S AR ALk,
T SEBLAE £ 22 F AKX R A [ 3L 47

KA SOl HIRSTE MR RO

FESES: Q958  CERRRIRRY: A XEHT: 0250-3263 (2023) 01-030-13

EESWE B 7 ST VAT — S B I K B VP A 5T
* JBI/EH, E-mail: 273336039@qq.com;

B—EEME wWEE, B, WLEriA: oo BASMRY SR E-mail: 982669228@qq.com.
Wk H: 2022-06-08, f&[E HHI: 2022-10-16  DOL: 10.13859/1.¢jz.202301002



L]

S SRR T E AR X =R s A S AL 2 *31-

Niche Differentiation among of Three Species of Mustelidae in

Qingsong Forest Area of Shulan City, Jilin Province

MIAO Run-Ze” LIU Geng” BI Jing-Ji® ZhANG Hong-Jing”
CHEN Xu-Sheng” ZHU Hong-Qiang”
® Graduate College of Jilin Agricultural University, Changchun  130118; @ Jilin Provincial Key Laboratory of Changbai
Mountain Animal Resources and Biodiversity, Jilin Academy of Forestry Science, Changchun  130033;
® Forestry Bureau of Shulan City, Jilin Province, Shulan  132600; @ Chongging Three
Groges Medical College, Chongging 404120; ® College of Animal Science and Technology,

Jilin Agricultural University, Changchun 130118, China

Abstract: [Objectives] It is of great significance to study the differences of niches among species and the
mechanism of how to achieve coexistence in ecological research and the formulation of scientific conservation
decisions. Sable (Martes zibellina), Yellow-throated Marten (M. flavigula) and Siberian Weasel (Mustela
sibirica) are three small and medium-sized weasel species in the same area of the Qingsong forest. The
purpose of this study is to better protect the three species of animals by ascertaining their spatio-temporal
niche differences. [Methods] From November 2019 to November 2021, 41 infrared cameras were deployed to
monitor the activity rthythm and spatial distribution of three species of animals in Qingsong forest area of
Shulan City, Jilin Province, and 10 transects were set to assist the investigation of their distribution. Fig. 1
shows the geographic location and elevation range of the study area. Fig. 2a shows the locations of the
infrared camera in the study area, and Fig. 2b shows the locations of the line transect and the sites of the three
animals obtained from the line transect survey. Based on the data obtained from the survey, we calculated the
circadian and daily activity rhythms of the three species, and predicted the habitats of the three species. The
MaxEnt was used to model the habitats of the three species. We randomly set 25% of active sites as test data,
75% of active sites for model construction, check Linear features and Hinge features for feature crosses, set
the regularization multiplier to 2.6, repeat the cross validate procedures for 10 times, and finally select the
average of 10 runs as the modeling result of MaxEnt. The geographical distribution overlap of these three
species was calculated by using ENMTools 1.3. The kernel density method was used to model the daily
activity thythm. The above analysis was performed in MaxEnt 3.4.1, ENMTools 1.3 and R 3.6.3. [Results]
There were a total of 29 971 camera working days captured 99 independent valid records of Sable, 81
independent valid records of Yellow-throated Marten, and 163 independent effective records of Siberian
Weasel; the line transect survey collected 7 active sites of Sable, 17 active sites of Yellow-throated Marten,
and 29 active sites of Siberian Weasel. The results show that Sable is nocturnal (daytime-and-night relative
abundance index, Drai = 70.7%). Yellow-throated Marten is diurnal (Drar = 90.1%). Siberian Weasel is
nocturnal (Drai= 72.4%) (Fig. 3). The activity time of Sable and Siberian Weasel is similar, but the activity
peaks are staggered (Sable’s activity peaks at 21:00 daily and Siberian Weasel’s activity peaks at 19:00 and
2:00, their activity rhythm coefficient of overlap 4 = 0.864) (Fig. 4). Yellow-throated Marten’s activity peaks
at 8:00 and 16:00, which are staggered with the activity time of the Sable (daily activity rhythm coefficient of
overlap 4 = 0.330) (Fig. 5). Yellow-throated Marten and Siberian Weasel are staggered in time (daily activity
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rhythm coefficient of overlap 4 = 0.282) (Fig. 6). According to the results of MaxEnt modeling, the habitat
area of Sable, Yellow-throated Marten and Siberian Weasel avoided each other in habitat distribution (Fig. 7).
The habitats of Sable and Yellow-throated Marten are partly overlapped (Niche overlap Hellinger’s-based / =
0.809, Schoener’s D = 0.531), but they avoid Siberian Weasel (Niche overlay Hellinger’s-based 7 = 0.590,
Schoener’s D = 0.307). The habitats of Yellow-throated Marten and Siberian Weasel have less overlap in areas
close to human disturbance (Niche overlap Hellinger’s-based 7= 0.752, Schoener’s D = 0.456) (Table 1). According
to Jackknife test, we can know the importance of environmental variables. Altitude (52.2%) was the main
environmental variable affecting the distribution of Sable’s habitat. Followed by distance to rivers (17.9%),
distance to evergreen coniferous forest (12.0%) and distance to residents (5.8%). The main environmental
variables affecting the distribution of Yellow-throated Marten habitats are distance to residents (60.3%),
followed by distance to deciduous broad-leaved forest (16.5%), distance to deciduous coniferous forest (6.5%)
and distance to rivers (12.8%), and the main environmental variable affecting the distribution of Siberian
Weasel’s habitat was slope (34.3%). Followed by distance to residents (28.3%), distance to evergreen
coniferous forest (13.1%) and distance to deciduous broad (8.0%) (Table 2). Because Sable mainly inhabits
coniferous forests in high altitude areas of steep and dangerously steep grade far away from residential areas
and near water sources; Yellow-throated Marten is widely distributed in coniferous forests at middle and high
altitudes far from residential areas and close to water sources; Siberian Weasel is mainly distributed in areas
close to residential areas and cultivated lands with gentle slopes, preferring to live in deciduous broad-leaved
forests and avoiding evergreen coniferous forests (Table 3). [Conclusion] Sable, Yellow-throated Marten and
Siberian Weasel had differentiated their spatio-temporal niches by choosing different daily activity rhythms
and different habitats, thus achieving coexistence in the same area of Shulan Qingsong forest.
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Fig.1 Location map of the study area
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Fig.2 Layout of infrared camera locations (a) and line transect (b)
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The animal loci in Fig. 2b are the original loci collected by the line transect survey.
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Fig. 7 Habitat distributions of Sable (a), Yellow-throated Marten (b) and Siberian Weasel (c)
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Table 1 Niche overlap of three species

=50 ELRE TR

Martes M. Mustela

zibellina flavigula sibirica
858 Martes zibellina 1 0.531 0.307
HIESE M. flavigula 0.809 1 0.456
BRIl Mustela sibirica 0.590 0.752 1

534 5B BF Hellinger’s-based I (D {8 (HHAZET) A
Schoener’s D (D) 1 (kb

Niche overlap Hellinger’s-based I (/, above the diagonal) and
Schoener’s D (D, below the diagonal).

BEMESRAE A X G 40 A0, 5 0 R o EEAE R
AURFIBIAEEMEHES (- 7o); #Ho
AERVLYE . ZdiE. HYafkxEn, H
AL S AR (B 7). =FHERMARE
A S RS 20 0l 9 5650 3.62 km?, B IRSH
11.63 km?, &l 6.89 km?, 431 5 1 50 X 38 A
W2 AR 53.6% 84.5%F1 71.3%.

333 WEHSHETEMIKR RHE Jackk-
nife 4045 RIS RE R EE M, e
HH R = NP S b o A I R A AR A
5 R S8 SRR 2 K23 A I 2 BB AR R IR
(52.2%) 7KIE (17.9%) & 45K (12.0%)

AR RIX (5.8%); 50 3 Mk SH AP 2 4 73 A7 1)
FERETELFEREX (60.3%) & FE A
(16.5%)~ V&M K (6.5%) F7KIE (12.8%);
5 ) S RS U2 R o3 A ) S B AR R
(343%). JERKX (283%). ¥ &4k
(13.1%) FIVE MR IAR (8.0%) (R 2D, Hrf,
SCSAAE IR R IR DX BE BRI 1) Y R M v T B
SARBER, 7EBE B /KR B FEMEAR T 2 3E A
BN, 2B S5 bL TSR AN S R A\ SRR B
DUk, HLEE w2 AEKUR AT AR A7 BERIFERR
JE B BE B MR A P v MBI TR SR AN
WESH, 2 BH TR B e ) 7 S0 JR B IX L (R
PRI X IG5l ER5E RS I SE 32 B ARk
1) 7 NN ol 7 N R o (TS B/ @t B sy
[ B P R bR s b = B I e AR R A
WEVRASHR A 04T, FLURR T BTk, (el ik
SEEFHAR (R 3.

4 TR

Y ORTES R RPN RIS AR, e
HAh T 55— 7 IEE TR B IS
ik G R A AL Z A Bt (Marinho et al.
2020), B B IS B AR R A A I S Hh
(Marneweck et al. 2019). A7 KM, L5H
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Table 2 The importance of environmental variables to three species’ habitats

FREEH T Variables KR Martes zibellina W IESE M. flavigula H R Mustela sibirica

#F & [ X PH & Distance to residents 5.8 60.3 283
BE#FHLFE B Distance from cultivated land 0.0 0.1 3.5
#E7KJFFE 2 Distance to rivers 17.9 12.8 1.3
#E 18 2% PE & Distance from the road 0.9 0.1 0.0
FE & RE PR PE RS Distance to deciduous broad-leaved forest 1.6 16.5 8.0
B 4 B EE 9 Distance to deciduous coniferous forest 3.0 6.5 0.0
R H G4 PE R Distance to evergreen coniferous forest 12.0 22 13.1
PEAF Rl R A PR EE B 0.0 0.0 28
Distance to coniferous and broad-leaved mixed forest

R Altitude 52.2 0.1 0.3
WS Slope 5.4 0.1 34.3
1] Aspect 0.0 0.0 7.8

IR (R 5 A0 B B 9 P S M T A Y rh P A4 B T L HE 44 T 4 £
The bolded environmental variable values are the top four in the ranking of environmental variable importance values in the species habitat

prediction model.

K3 =AM M E SRR REEEE

Table 3 The suitable ranges of dominant environmental variables corresponding to the habitats of three species

J& FYEH Suitable ranges

I EE AT Variables

858 Martes zibellina HIESE M. flavigula R Mustela sibirica
R X B >4 >2 <1
Distance to residents (km)
R K UE R B <0.45 <1.00 <1.00
Distance to rivers (km)
W Altitude (m) 532~1070 401 ~ 1045 342 ~910
W Slope RbE. 2K P RIBE. SR “F-2% Gentle

Steep and dangerously steep grade  Gentle, steep and dangerously steep grade

FEWEZETY Vegetation types S5 (i i) T8 SR EH M., L BEMRSE 16 TV A T ORI RS S BT SSCRU M 162 7% P ] PR A i 9
RSB MRANE R RS, Ml MRS, HUGREH RIS, FIEE SR, SOOI B,
T ] TH- i et [e] i S I
Sable prefers to live in evergreen Yellow-throated Marten prefers deciduous Siberian Weasel prefers deciduous
coniferous forests, followed by coniferous forests and evergreen coniferous broad-leaved forest and coniferous
deciduous coniferous forests and forests, followed by coniferous and and broad-leaved mixed forest,
mixed coniferous and broad-leaved broad-leaved mixed forests, avoiding followed by deciduous coniferous
forests, and avoid deciduous broad- deciduous broad- leaved forests forest, avoiding evergreen coniferous
leaved forests forest

PRI AR B 07 Y B ER B R AR 22 O W R 3 A B e B BRI AR By 7 R A5 30, AN ) H 0 st S R R 44 R 4 B
PR A B S B ARV Lo

The suitable ranges of dominant environmental variables are derived from the response curves based on MaxEnt. Response curves showed

the ranges in environmental conditions that are more favourable for the distribution of species. We only showed the top four relevant variables for

each species.

Al SR H S S AR L, R BL BT, SR ) TR R XA AR, P AEAS
(SRS S Al ) - R R DX B AR LS. AL T 2. WS AA YR ELT
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P, 78 b R B MR BT R VRS AR TS,
(A 38 ER X, 5 8 SRR B8 Rl 7 = 7] o A A 35 0
HE, (BEESTERTHTAERRER. XY
B NAEASFRIBIEFE X80T HORIE 72 45 RAR T (Sasaki
etal. 2014, RMHSE 2019, 5% 2019,
BSRAE 2020, BEEEHSE 2020, Li et al. 2022,
Vernes et al. 2022),

WA RER, SAER 2 H R
FHEE RS, mREMERE, JFRK
W 39, 390 (Prionailurus bengalensis) -
IIN (Vulpes vulpes) S5 KRR &3, FILE
SA . SRS RT B R VG 30 T S A o) A
N2 HAD S5 2 AN . SRS AT AT AR
ER /N B (Twining et al.
2021), fE BT TH S B WA RS Y 5 A
TR AR T A (B BT B R R (e
WS 1987), FEMRFAMIAFAENT S50 5 Rl A 5L
REGHE o 585 )00 5 25 SV v A X )
BRI, BRI S A T R | A
FI AR FMEE S fE R X X, X53F
BI85 B DX PR 2 5 A~ ) A
JER I — € ) Bl . AEVEEN TR, S
VB RULE IS ) A 2 R B MRS P AR 22 5, XA
DR SE R B R A Sl B AT 1 ) A S N B MRS
R B E S ag R, e FEAE A
3, [F AR R MG 4 H 2
BRI A3 Z) (Buskirk et al. 1996, Roll et al.
2006, IX X EE SR AT RGBT RIE Y TR
Wi o AELAS R FEAE R B30 B8 ) 58 SH AN Tl
AT R AN ) 2 R S AR 1) BSOS [
R ARFRE— 0 RER S ERE A [F) 2= 1
BRI ZE R RIS SEA 2 b o) A 5
Wi fie K 4 ANIAEEAS By, AR SR B R
PR JE R X EE B R i, X5 R EE R
X ERIFAE—EFE . XRHTHEMARX K
Ja B IX B b 3 3 AT AE AR X 3 B2 e 22
B, AN TR R 2 B A AR ) T =T
Fef%. JF HARMESE Rnran, BMRIE EE (e
H R X, MO SR I R AE i O X A A

RE AT BAYaks > N 43R DA RRARA B ik SR
HIREZE, DR B M U7 T v 4 R s e K T R
JE R IX PR B 2 . [FE, EFHARET LN ERSE
UL B S A, FrULSESE R BRI
V5 TR X T AR IR . TR AR
HisnmBEAES, mMEEBEEATES R
o WHARM, HAERWIMETZS KRT
Bt # (Manlick et al. 2017, Jensen et al.
2019), K AR RIS /N T 4550 I B Rl B 5 A
AT X IBAAT, (Rl 5850 A 55 1% 58 O 1 (1)
R ERR, R SR ) K 5 R ) SE S T
MG S MESRH B HIE ST

AR, EER—HE b R B RS
I B AR EF A R A [
bb, EX N MAREAA TR0 A, B
PR B R R R R BN S SA A AT
S AR AR AR A [ PE A R AL, AR
AR IRAHE e A . iR KN R RE
AR KB E MK E (Martinez et al.
2021). HRHESE FERT AN, AEARIY 75 TH] 550 A0 ik
PRIy o R W (BN =2 I R DN o7 e S
AR e B )t AR R R SR SR A B 3
53 Ao DRI B0 5t FRAR 2 Bl A i A 40
TESNVET, DIORXS T Fa Ak DXt AR e VR
TRV FTRE, RIS X ARk Tl ) JE AR X
AESEHHMTIE S, NS E RSB ISR A A 1Y

N, FEALES S SR A A A RE, RS
A WEESE B R )b B BIE SR . FRAE RIS AR
X % B AMINL AT IR I, AJE2EdL
BRAR X I F2 28 SR AN B W SE I ORGP S 7T TAEHT
NEEA . ARBFRADONEIE . EIESEAE R
Tt 5 425 2 SRR SCRE A BEAit
N = TR A £ 5 X 38 B A S R 9 T
VERRIE ST, (EYEFH AKX AR 2 R J
AR RGPS EAEEE L.

Z F X W
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