55 43 55 10 1) S & 7 i Vol.43,No.10
2023 4F 5 H ACTA ECOLOGICA SINICA May,2023

DOI: 10.5846/stxb202204050876

HTIRR, R 2RI IR - G FEAE, R R FE U o R R A e VR SOV [R] S5 2 T B R 2 e R A A A AR A 4, 2023, 43 (10)
4270-4283.

Cao N X, Zhang F, Li B, Jupar Bahtebay, Wang Q G, Luo T.Study on Diversity and Distribution Characteristics of Rodents and Fleas in Different
Landforms of Desert Landscape in Junggar Basin.Acta Ecologica Sinica,2023,43(10) ;4270-4283.

EERAMTE=RUAEMREBR EZFEHERD
4

K R W kM BARRL ZAR A
1 s Ko LS i SR A4 B, RS 830017

2 BB OR AR BT S PR AR [ 3 X A R S, S| ARST 830017

3 WS IR AR DB T £ v O BB R S B ARSE 830002

FEE R B S S TA) O3 A0 R 5 AR AR A9 LATHE G 2R 23 3t Ui 1B AR 5 Y5t DA 0 X, T BRI AN s 2R A R S A
AR A Y B 2R SRR I o T HA DG . FE T AR T BUX A A5 2 38 bR 345 21, 15 B Moran's 14840 H.OBAL bR
L2 B 5 23 BT I AR FEAS AT BUX B S2E A5 28 i SRS HFAE , T B L 38 12 (6] 23 A e i S B AL AR AR DG 9T, 4521
FeW]: (1) A XA 6] M5 B 28 A A FE AR BT, AT A B L 2 0 R 2 R PR R AR AN O 3B B 0RO RITHE I R ZRE M
R T, R B AESRBEERAA Y, R R 2R (SR8 5 R M 5 TE AR O IESE RS (15 &) Wb
o g hn, &2 (A4 WA A b e, AR DX R | 2 AT R (B A b T o il A DR v R AL, ELARBLPE R
B q 55 Cody FREUEARAbES; (2) AR BRI Moran's [ TREGRIT , RS8R F 1 BGRB8 M 4
Ja) Moran's I 850K T 0, H P {H/NT0.05, RN A RIER NS, 8w JRFRAS ] A A IS/ B4 R I, R4 B (B8R fr e 2
PRI b o SR A SR R B — S R, AR R F IR0 & Moran's T 85CKT 0, R RIS A B 460577
REsY MBI AE 8RR, (3) Wit EOIEB bR HE MG R X L 58 BRSNS 25 ) — A B2 in i i 2 55, b R |/ 35
BERER, 28 A A B R AR ) 4370 3 R R B0 L1 AR R | RS 1 b o1 22 W (R0 B B4R Am A ME 25 I IR VG . 25 b AR BF gl
S SR A b BREE 1 AR08 R b T 7 BROBE B S B R .

KR BRI MRS T A S 2AFE A  Morans T 3825 FrifE 224 5]

Study on Diversity and Distribution Characteristics of Rodents and Fleas in

Different Landforms of Desert Landscape in Junggar Basin
CAO Naixin', ZHANG Fei'?, LI Bo’, JUPAR Bahtebay', WANG Qiguo’, LUO Tao’*

1 College of Geography and Remote sensing Sciences, Xinjiang University, Urumgi 830017, China
2 Key Laboratory of Smart City and Environment Modeling, Xinjiang University, Urumgi 830017, China
3 Xinjiang Center for Disease Control and Prevention, Urumqi 830002, China

Abstract: In order to reveal the characteristic and change spatial distribution of rodents and fleas in Junggar Basin, this
study took the plague natural foci in Junggar Basin as the target area and calculated the ecological indexes of rodents and
fleas in different geomorphic types based on the data collected from rodents and fleas samples. Based on the calculation
results of ecological indicators in different administrative regions, Moran’s I index, center of gravity model, ellipse of

standard deviation and other analysis methods were used to explore the clustering characteristics of ecological indicators of
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rodents and fleas in different administrative regions and to conduct relevant research on the characteristic and change spatial
distribution patterns of rodents and fleas. The results showed that: (1) With the ecological indicators analysis of rodents and
fleas in different geomorphic types, the species diversity and ecological dominance of rodents and fleas were negatively
correlated , indicating that the ecological dominance of rodents and fleas was not obvious in communities with high species
diversity ; geomorphy that favors rodent species diversity was positively correlated with flea species diversity, confirming that
the number of flea (parasite) species was increasing if the number of rodent (host) species was increasing; ; the similarity
of rodent and flea communities in the low altitude area was greater than that in the middle altitude area, and the similarity
coefficient q was opposite to Cody index.; (2) In the spatial clustering analysis of different rodents and fleas indicators, the
univariate Moran's I index of the number of rodents, the number of meriones meridianus, and the evenness of fleas was
greater than 0, and the P value was less than 0.05, showing a spatial clustering pattern. Univariate local spatial
autocorrelation analysis showed that there were various clustering patterns for some rodent and flea indicators, among which
the most typical clustering pattern was high—high clustering pattern. The bivariate Moran's I index of different rodents and
fleas indicators were greater than 0, indicating that the ecological indicators of rodents might affect the ecological indicators
of fleas; (3) After the spatial distribution difference of the same ecological indicators between rodents and fleas was
compared with the method of center of gravity transfer and standard deviation ellipse, the distribution ranges of the evenness
of rodents and fleas and the ecological dominance of rodents and fleas showed similarity, and the standard deviation ellipse
of rodents was more westerly than that of fleas. In conclusion, this study can provide reference for the prevention of plague

in the natural foci of plague in Junggar Basin.

Key Words: rodents and fleas ;landscape type ;ecological indicators ; Moran’s [ index ;standard deviation ellipse
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Table 1  Geomorphic types and corresponding place names
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Fig.1 Geographical location of the study area and distribution of sampling points
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Table 2 Introduction to rodents
Fl Family J& Genus F Species
G RE Circetidae Kb EUJE Rhombomys K> EL Rhombomys opimus
Y EUR Meriones 21 VP B Meriones libycus , 417> Fl Meriones tamariscinus
& EUB Cricetus WA B Cricetulus migratorius , 8 20 B Cricetulus eversmanni,
£ JB A Cricetulus longicaudatus
BB} Muridae Y EUJE Meriones FVP B Meriones meridianus Pallas
FUE Mustella /NGB Mus musculus
Wi FUR Apodemus 7B B Apodemus sylvaticusLinnaeus
Bk EE Dipodidae =Bk R Dipus sagitta =ik Bk B Dipus sagitta

FHEBE B Allactaga
K HBkEJE Euchoreutes

Ffk Bk L Allactaga sibirica, /N FLHEBEEL Allactaga elater
K H B Euchoreutes naso
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Table 3  Introduction to the rat body flea species
A Family J& Genus it Species
FEEE% % Xenopsylla skrjabini, #1527 % Xenopsylla hirtipes Rothschild, T 5% #
Xenopsylla minax jordan , [F]JE % #4844 F.AH Conformis conformis
13k #J& Echidnophaga KW ff 3k 3% Oschanini

FoIRFIE A LA laeviceps, 2495 & fidus, WUEZHH & Tersus, LFE SR FI{H W
fi Siphonaptera

%F} Pulicidae % 2% )& Xenopsylla cheopis

A& F Ceratophyyllidae Ji5 2 J& Ceratophyllus

Y%A} Leptopsyllidae P& Paradoxopsyllus TR E % Paradoxopsyllus teretifrons , J5 25 % % Paradoxopsyllus repandus
{2 J& Ophthalmopsylla KRR % Kiritschenkoi
H1 2 )& Mesopsylla Hh & Lenis, ELX 1 FE T T Mesopsylla eucta shikho
2B %P Hystrichopsyllidae  $E & J& Stenoponia FHHF Meridiana, FE % Conspecta
MillR % J& Ctenophthalmus 1B AR 245 2 WA Dolichus
2] %J& Rhadinopsylla FERF LT % Rhadinopsylla cedestis
YIEZF} Coptopsyllidae YIE % & Coptopsylla IRV 2 58 (R WA Lamellifer

1.3 RUEEFISEER R AE S A bRl E
Yoo B ORI E R RN S o, I Bl s R AP A
THAYL A% (rate of infected flea,R,) FIEFEEL (index of fleas, ) AN,

H, M
Ry =7 x 100% ; I, =~ x 100% (1)

Ao, H AR Y8 UL, H AGERK 8 S B M AR BB GR
BI5)BE 53 MR FH Pielon 545, Pielon T8 B FRYIMAIAIN BB . YWIA B B M2 ZRE0E8 S YR EcH
HATRISE , B AP F B AR BOHF-2),  ZRE PR R = e
J=H/H, H, =InS (2)
Ao T NI R H S RV H, SRR SRR R AE, S M RPSHL,
Simpson A= AALFEFEEL, 2E 2503 EE 15 BOBR O, U8 IR V& 0 0 R B R o3 A O 181 5 A0 SR 1 b 7

2T,
=% (/M=% (P)? (3)
R, CONBEIS AR BETE BN Rl @ AR N N BETS b BT W Rl ) SRS, P R SRR
TEVE BB L5 S TS TR AR R
Sy MK Shannon-Weiner $8L, & BE V&% N0 Fh ZHE0E ) .
H =- iPl.lnP,. (4)

b AR I AR IESR L, P oI B PRSI B A P EAITINISE B RIE 7N L6
Cody F8 HR I/ B REVR (1 5 1 B Cody FREUIRE I, AR [RI A 3 2 ] 22 S el kT

czg(H);l(H)=a+bz—20 (5)

a T b 5351 R WIS B2 Fr 6 25 WU RS ¢ b e B ) AT WU B, g (H) ha S [ BA000 JEE 17 1 I i 4y Ao
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FBETE T BEAE S s (8] 5 2R 0 = oA Uy ), DL RS (R 20 48 5 ) B BRI B2, AS AR5 388 ok 22 1 AN [+
R SRR AR E 22 R, X BRI T8 2 R — A= A e A A T LA 53T

PREZEWG R [0 M S BOT R AR S %[ 24 ],
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R4 TREMER EEFREIT

Table 4 Statistics on the indicators of different species of rodents and fleas

Host Number of rodent  Number of rodent The rate of Total flea Total flea
tested for fleas  infected with fleas flea infection count index
Kb Bl Rhombomys opimus 1605 1380 85.98 14859 9.26
F U Bl Meriones meridianus Pallas 1564 610 39.00 1822 1.16
21 VP i Meriones libycus 154 95 61.69 306 1.99
BB Dipus sagitta 251 38 15.14 90 0.36
FEWIY B Meriones tamariscinus 28 20 71.43 220 7.86
KA B Cricetulus migratorius 46 12 26.09 28 0.61
FREBE R Allactaga sibirica 67 6 8.96 34 0.51
JINHYE B Apodemus sylvaticusLinnaeus 46 3 6.52 5 0.11
/NFLBEBEEL Allactaga elater 35 7 20.00 36 1.03
/NZ L Mus musculus 13 2 15.38 3 0.23
K H Bk Euchoreutes naso 3 2 66.67 5 1.67
At Total 3812 2175 — 17408 —
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Fig.3 The change trend of indexes of fleas in different geomorphic types
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Table 5 Similarity coefficient and Cody index of rodents and fleas in different geomorphic types

FRZHEFR Rodent index FHAAEHT Flea index

! AR AL 2K AR AV K T

Coomngi e o bt | e L Coly #1
-1 0.90 0.5 [ -1 0.84 1.5
I 0.75 1.5 [ 0.76 2.0
-V 0.36 3.5 I >N 0.82 1.5
IV 0.33 3.0 [V 0.12 7.5
IV 0.33 3.0 I -V 0.24 6.5
[ -V 0.40 3.0 I VI 0.65 3.0
I VI 0.22 3.5 [ VI 0.12 7.5
I—1 0.83 1.0 111 0.63 3.5
IV 0.45 3.0 -V 0.78 2.0
I-V 0.30 3.5 I-V 0.05 9.0
IV 0.30 3.5 IV 0.16 8.0
I 0.36 3.5 I—-VI 0.61 3.5
-V 0.20 4.0 VI 0.11 8.0
m—-v 0.50 3.0 n-v 0.69 2.5
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FZEFEFR Rodent index FHRIEHR Flea index

fkiimitvaiy g i Cody g || SLBUEILER o 1 Cody #51
Geomorphic change type Geomorphic change type

mn—-Vv 0.25 4.5 m—-v 0.15 5.5
M —VI 0.25 4.5 m—VI 0.31 4.5
m—WVi 0.42 3.5 m—-W 0.50 4.0
I — VIt 0.17 5.0 —Vi 0.15 5.5
N—-V 0.29 2.5 V-V 0.33 4.0
V—VI 0.50 1.5 V-V 0.29 5.0
V—-VI 0.38 2.5 VWi 0.67 2.5
V-V 0.33 2.0 V-V 0.14 6.0
V-V 0.50 1.0 V-V 0.50 1.0
V-V 0.60 1.0 VoM 0.18 4.5
Vol 0.25 1.5 Vol 0.33 1.0
V-V 0.60 1.0 V-V 0.36 3.5
V-Vl 0.67 0.5 V-V 0.50 1.0
VI—WVI 0.40 1.5 VIV 0.18 4.5

2.2 [ ARSI R AT
2.2.1 AR EEZS (A4 )R HAHSCRRIE

FAREUAEL (1) B RFE BRI 4R Moran's 1 $541, 32 H] Geoda B/ X AT H 5., 04T W38 AR 56
R IR I P A 5 1 AR AL R BGE T R Y BUEUE  BR A )R Moran's [ 48 070 2
0.135—0.194, HAE R\ 2 4845 B9 4 JR) Moran’s 1 ) P {H/NTF 0.05, B} Z 3K F 1.65(5£ 6) , Moran’s I KT
0 MY Bl AR PRS2 B S RGBSR BB G5 R SR WIS [RIA 7 UK 2 [R] o A1 o7
(REES) BT, AT 2 [] A S Pt AR A5 ROk i i 3

*6 R.FJEWRELLTELS Moran's I 155

Table 6 Univariate global Moran’s I index for rodent and flea indicators

FH RIS EE TV A BRI
Type Number of Rodents Number of Meriones meridianus Pallas Flea evenness
42J7 Moran’s I Global Moran's I 0.194 0.161 0.135
ZAH 7 scores 2.65 2.83 1.74

P {f P value <0.01 <0.05 <0.05

2.2.2 R4 R A [E) HAH G

W3 GeoDa 23[R/ TR, T AN B 2 F6 br 2 (8] 0 BUAR B 42 ey 5 [A) A AR OGFR 8, e 7 i, fsy
SJEE S EEIAIRE BRI HA R IEADC, R RIS M RE R AT Re R BRI #2k
AP, S5 RIS 5 B S R ) B SR A AL P AR N SR S A B RS AR
S BERY M 2B A TR L,

*7 R.FBEEWNEELS Moran’s I 155

Table 7 Bivariate global Moran's I index for rodent and flea indicators

EL T Y R ) B2 HRI
Index name Rodent evenness Flea evenness
, R AE B HE Ecological dominance of rodents — 0.224*
P Z M Rodent species diversity — 0.220"
T LI Flea evenness 0.118" —
FRABMHBE Ecological dominance of fleas 0.104 * _

Horp 35— REHE AR S —FIMR SRS AR i + 3R P<0.05, =+ £ P<0.01
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223 U JREASE] A A

HPRANF B AR PR 2 [B] LR ARG 12 ] GeoDa BRAFXS 25 ANEL (7)) BATELIX 45 B & 48
PREEAT RS 8] A A S 0B, A R T (18] 5) ABIFTE 3 S B B S datn b o P g (P /T 0.05)
AFEARELEE SRR B AP0 R SR S IR 5 R YD BRI T 1T T e - SR AR AR A, R ]
U BRIl RSO B H R R RS

Wi s B, TR U R A SR 38 Moran's 148 80715 -3 R 48 IR-MROR 48 1G-SR 4 = Mh IR
Forp v EL 3 EL T T AR AR - R AR R IX T U RO e H R R R A IR
] BE B T SR AR SR N P B L/ v SRR B, i ] B0 b B i B L L, A R
BB TAR- R RN X700 O 50 B S R B B A R R B R . Bk R B
FIF-2F b BRI 1) 225 (B SR AR R VD1 B AL ] 1 Tl e B AR D

Wk 5 froR , SIS SR Moran's 1454077 A5 -9 REE AR R, PHE B B HLHG g%5g
Af R T - R, RN IR Sy S B HAR R A, A 28 5ty AR & AR B (UK
AR T AR SR AR, R I X S S ST BB o, Jo] BB T s e 5] AR

CES=S TR ESSE)
N
A
0 500 km

R EE G-E I AR ] s IR

5 R.EERBEELTE[/EB Moran’s I 7% E

Fig.5 Univariate local Moran'’s I distribution of rodent and flea indicators

2.2.4 ARG JRyERAs [A] A AH G

RIRFEAR R RGBS 2 )2 A5 A7 7R 28 (B A G, AR5 32 FOUEE i JRy il s 1) F AR D43 H i, 4 i 2 SR 2
Wi R EHRL (P /NT 0.05) 455 aE 6 i, B 6 b, HEEIE T E-m RAER, R E EEIS
FESAARIX B I S FERPUL SE R EN SR, i /KRR SR 2w 5t Ain B e TR AR R
BRI A BE R 1 JR AR B IX Sl a8 2R ) BRI, T L % o AR B8 TR s R AR, R ix
DR FR S 34 &) BE AR, AR AR X IR 2 ) BE A . SRR IX @ TR-IR AR A X R W] /R R IX R R4
FERAR, HJE AR SR DX IR 23 5 BE A &1 6 iy, 6 5L B RORS vT B T 3 R SR AR, 1 it IX g k-1
R, RIAARFR F I BEAAAEX AR 32 (BB ) M B, BIVRE e 0 O35 A 26 BRUR A9 a8 2k
S BERAL; B 6 BA MR S -UER AR, Horp gyl & vE R FEE AR B8 TR
R RINRIX I ) 5 RIS ARSI B R B ) R AL FRAE . WP RIEE ELRN B35 TR T - R
RBIAG K 6, SRR IX 8 T - R Vs B i BT R TR-m R AR, Z5 b AR
B OUAS St Jey 35 Moran's 1 3850, WF9 RSR 5 bR AE 2 0] L A RSB, 25 SRR I T B S48 08 2 [RIAETE SR
2.3 Bl EAEARAS (RIS Ry AR

SRKRE, IR a5 R 7 F3k 8 iR BRIISIEEFRARAh , 8 AR AN A e b RS o A B4 vh i R 2 4
PR A 8o, AR TR A A, ATREXT fia 35 ( BR28) M2 oA e B 1k, Bl B R B R A s A v,
5 B IRYP ZAENEFRBR 05 1 25 1 51 22 Bt 20 A R S R ARARUE: | BRI 10 o 22 A0 [ 2 o S A8 b
ZEWER AL, B S RISI5) BRI AE S OU S B R bR 0 A v 25 W6 (R 2R B0 o AR | BRI T8 A A s o 2 A0 152 ¢
A IAE IR A I 2546 [ i P
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Fig.6 Bivariate local Moran'’s I distribution of rodent and flea indicators
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Fig.7 Opval distribution of standard deviation of indices for rodents and fleas

3 WSt

31 g

BB 2 T 5 FREAN [ 28 R b 1o B35 PR 18 Ak X6 i 3258 M () A DG BIF 9 b, R B3 PR 2 R il B8
AR R AR AN [ SO Bt FRURE B4 A5 4 5 0 O 7 AR R R TS R AR A 2K AR P 4 3 5
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P RGO R M B N R R T S M AR I . TN TRI AR 2RI 5 B o S A A AR e 23 B
ZESEE N ARSI — RS8R
®8 R.BiENHAEEHESHTWL

Table 8 Variation in standard deviation elliptical parameters for rodent and flea indicators

AT RS = 3 BRYFERE B R ZHE 1 BRYM R
N Rodent species Flea species Rodent species Flea species
me
! abundance abundance diversity diversity
o B
!F{ﬁ]/( ) 102.29 100.40 104.62 100.99
Rotation 6
L X b o 2
1 X b 28.71 28.23 29.44 31.73
X-axis standard deviation
L — 3
Y fREEkm 16.61 13.38 17.77 15.07
Y-axis standard deviation
7] I 2
*Pﬁlﬂﬁ%,\/ kem 149813.25 118597.54 164302.25 150246.21
Ellipse area
; , RIA DR BRABHE
i SRS wHIEIE RS U IR
Ecological dominance Ecological dominance
Name Rodent evenness Flea evenness o
of rodents of fleas
% o
’%ﬁﬁ/( ) 104.68 101.64 110.73 109.88
Rotation 6
T X bR iEZ/k
i 5{[]13]‘(@?% m. . 30.76 33.30 29.51 26.43
X-axis standard deviation
Y FbREZE/ K
Y AR kn 17.49 16.96 17.14 18.36
Y-axis standard deviation
T L
WY 1690438.82 177819.47 158890.20 152544.26

Ellipse area

SR AN[R] S SR A 5 A B U ] AT, AN ) 2 2 S PR R i A B A AR 22 57, A S AN TR S
BRI T ASIF ) SRAE ST B0 L, R AN ] M 300 sl A 358 A B (R R U BE AR 2 s A 2 AR )
M DX BRI AR AE ST o AR AR R PR SRR AT S B 25 b RN RI S M DX B 3 A AR s ST
AN L B2 TR U R i B R U AN IS A [, AEARSAT TS A, i TGS X DG | il i S R 7 0 =
BRI RAE 5 2200 A TR A SRR 2, S BOR [l 35 2 2 1) SRAE R R4 &) A1 1 S U 64T, 3 o s
LERT I B EARTCMINEL, FES R MBI Rt — R I A R S R I OB SR T Y [ & A
S,

TR AR TSI B T T LB SRR R i S A R I, BT 4 AP — i 22 e, oA
BHF 7 B MR it DX SRR PR R AR O BF T v A B0 A T SRR 5 O 38 BE 8 B B SIS U AR, Ay 2 3%
TAF 5 U MBS IR 233 S [ 3t X BRI A3 A R AR I R B0 | FE AR ) X3l iy BRSRE 7 b, BRSP4 A A T, 3 55 A
BT A2 R B AR, A2 DRI e TR L b DX R A 4 B MRS 2 AR e R RE N 5
Sl IF R BUK -4 SRR BROBE BRTRR ) 2 289 2, L U2 TR R R o K 0 SR Bk g 2 (HLE ) .
RN OIS R R WS35 2 e T LA B | SR AR S Dt A 9 5 ok 1 ok — 25 i

A — e R GIS B 23 6] 73 T D BE | % SURERE IR B A8 7313 2 9o 156 0 R i B4 B 45 DR 3% 1l A e Rt o 1
FFHEAT RN, g BRI ) 0125 AL 3l B2 A IR B2 TR A T HEAT 43 ST BRI GE T+ AR SO Bl st 202
ZE [R5 4k  WR ST SR X R, 2 0 AR AR , AT SRR RN B B AR X U SE , ASBIRFEAT AR P A DG 27
JREERFTE o B G, T AR RR A B = AR I R P R AE [R]— MR 2 A R0 , S AT I 0k
JE H AR BN SCIA ZR AR B S8 b AR RS TG R AT B S AR S AR b it 2 i 5 S HL R 3l
OIMT o U AEZE AT A 1L IXOR AT SRAE , S I IX e = S Bt

BRUPE A= W R v ORGP 52l LR I3 TR 7 I 2 JRL S AR AR O 1 2 . B 1 AR DR b, Bl R 0 ol 9 4 i, N2
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