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Abstract: The Hyalomma ticks are hematophagous arthropods that can transmit a wide range of pathogens. Recently, the
proliferation of Hyalomma ticks in Kalamaili Nature Reserve ( KNR), Xinjiang, has increasingly endangered the local

wildlife and the reserve’s staff. During the 2021 and 2022, this research delineated a 25km” study area within the core zone
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of the reserve to examine the spatial distribution and influencing factors of Hyalomma ticks. It particularly concentrated on
elucidating the spatial interactions among the Hyalomma ticks, Przewalski’s horses, and rodent species. The study
employed semi — variance analysis to assess the spatial correlation of Hyalomma ticks’ distribution. Bivariate spatial
autocorrelation methods were used to evaluate the spatial clustering degree of Hyalomma ticks with respect to their host
animals. Additionally, a structural equation model was applied to delineate the relationship between the abundance of
Hyalomma ticks and various environmental factors. The results are as follows: 1) The block kurtosis ratio in the semi-
variance for Hyalomma ticks is above 0.75, indicating a low spatial autocorrelation and suggesting that the distribution of
Hyalomma ticks is more influenced by host and environmental factors. 2) The bivariate local indicators spatial
autocorrelation ( LISA ) clustering diagram demonstrates a more pronounced spatial clustering relationship between
Hyalomma ticks and Przewalski’s horses compared to that between Hyalomma ticks and rodents. 3) The multivariate mixed
structural equation model shows a relatively good fit (R*=0.70) , indicating that climate, vegetation, and host variables
significantly influence the abundance of the Hyalomma ticks. In conclusion, the study found that the primary factor
influencing the distribution of Hyalomma ticks in the core area of the KNR was the host, with a stronger spatial clustering
relationship observed between Przewalski’s horses and Hyalomma ticks compared to rodents. The expansion of Hyalomma
ticks alongside larger host species poses a direct threat to coexisting wildlife, particularly within the core zone. The
reintroduction of wildlife can potentially have indirect effects on other species within the ecological chain. With the
reintroduction of Przewalski's horses, there have been changes in the distribution of parasites in the area, likely due to the
parasites adapting to new environmental conditions, and this adaptability is dependent on the distribution of Przewalski’s
horses. This phenomenon highlights the interconnectedness of various components within an ecosystem, where changes in the
ecological chain can potentially lead to adaptations in other organisms. This issue underscores the importance of conducting
monitoring efforts for the reintroduction of the endangered wildlife, and the research findings expand our perspectives on the

control and management of tick-borne diseases in wildlife.

Key Words: arid desert steppe; Hyalomma ticks; host; environmental factors; distribution characteristics; spatial
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Table 1 The results of fitting spatial variation functions for each species
b R4 o Z R ‘
s o BEA0 Hefico  E0H cocosc RN REF I
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Fig.2 Spatial analysis of Kernel Density Estimation (KDE) for each species
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Table 2 The table of spatial autocorrelation significance tests between the Hyalomma tick and host at five scales

. .
\Z f bl Iﬁﬁi’ﬁype 100m 250m 500m 750m 1000m
T R o [ 1Y Moran's [ 0.516 0.432 0.329 0.144 0.200
Hyalomma ticks and Przewalski's horses P 0.001 *** 0.001 *** 0.001 *** 0.008 ** 0.003**
VA 73.319 23.732 9.602 2.954 3.579
T MR 0l 1 26 Moran's [ 0.056 0.021 0.022 -0.046 -0.025
Hyalomma ticks and rodents P 0.001 *** 0.100 0.221 0.168 0.343
zZ 9.136 1.277 0.720 -0.957 -0.425

100m,250m,500m,750m, 1000m A X 43 A FANRUEE ; + 3RRFE 0.1 KT W3, + + FIRTE 0.05 /K E R, #++ FRTE 0.001 ZKF T I3
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Table 3 The table of the distribution of LISA aggregation between the Hyalomma ticks and the host at five scales

Variable Aggr'egati('m 100m(3366) 250m(540) 500m( 154) 750m(70) 1000m(48)
relationship
T R R [C B 5 LISA 437 -1 451 80 24 2 4
The LISA of Hyalomma ticks and %1% 1226 178 40 10 5
Przewalski’s horses K- 193 28 6 1 2
R -IK 228 20 0 1 0
NGES 1268 234 84 56 37
TEHRUE-mG 1 28 LISA 4347 - 274 43 12 3 2
The LISA of Hyalomma ticks and rodents  fi&-{i% 1222 173 38 14 7
K- 395 78 23 12
-k 609 89 17 5
ENTES 866 157 64 36 30
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m/s Z 8], AEBE R T AR w LR (21.87+13.56) % 2 8], AR 1% 2 AE (18.78+15.80) em Z[Al, 15 £ P 7. Ffii
T EETE (5.44£5.12) em Z JA] ZEMEIREETE (6.53+5.64) %RH Z 1], 25 [6] K 1. M3k 7E (936.88£14.51 ) m ZJi]
WA (4.38+2.49) ° 2 8], B 1A 76 (177.96+105.90) ° Z [H] .
222 ZIusAkRIE A

AR ST 0 3R] T A 114 S IR MBS o 5 DU AR o 2 (R AT 2 on R IR AL (R 5) o il AR 22 bR IR 25
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EIADCHEE RPRAL, %5 F BEMsIHE P AN B EMKT 0.001, BEBAZ EH T FRAUR B8, K
i AEBE 1 3 PS4 B B
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Fig.3 LISA distribution of spatial autocorrelation between Hyalomma ticks and hosts at five scales
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Table 4 The table of actual measured environmental factor indicators of Hyalomma ticks

BT 5o PIE b2 bienic] HEi ¥ AR BIE bR 2 iRl
Environmental factor ~ Variable Meanzsd Range Environmental factor ~ Variable Meansd Range
AT T 27.29+5.50 9.00—41.00 e DHI 6.53+5.64 0.00—30.10
Climate factor H 15.09+6.90 1.00—41.30 Host factor DHE 5.44+5.12 0.00—21.00

il 149581.56+34075.57  19010.00—199900.00 || 1 X F E 936.88+14.51 897.00—972.00

WS 1.11£1.07 0.00—3.70 Geographical factor S 4.38+2.49 0.36—14.70
B A T vC 21.87+13.56 0.00—68.00 A 177.96+105.90  0.00—358.03
Vegetable factor VH 18.78+15.80 0.00—50.00

T iRE Temperature( °C ) ;H . 1 Humidity (RH% ) ; 1 It 5% ¥ [llumination Intensity Lux; WS X #H Wind Speed (m/s) ; VC. ik &3
Vegetation Coverage( % ) ; VH : fH /51 & Vegetation Height (cm) ; DHI; 15 = FEHEIE B Dunghill Humidity(RH% ) ; DHE ; 15 £ 3% 3E = )% Dunghill Height
(em) 3 E V84K Elevation(m) 5S35 B Slope(©) ;A3 [1] Aspect(°)

x5 BRBBESHEEFZENSTEMEDRATREER

Table 5 The result of a multiple linear regression equation between the number of Hyalomma ticks and environmental factors

A R B 22 I bR 22 WA R P »
Formula Model RSE Fitted value R*
1 AR T = SR - lm ( T+H+11+WS) 0.799 0.088 10.550 <0.001 ***
2 FE B = B U ~1Im (VC+VH) 0.823 0.030 6.834 <0.001 ***
3 T E A F = 18 B —1lm ( DHI+DHE ) 0.761 0.171 45.070 <0.001 ***
4 PR T = B A~ 1m (E+A+S) 0.836 0.001 0.156 0.926

RSE : 5% 22 AR MELR 2 Residual Standard Error, fidt FIARFIELSE M)A 28 2 [0] 4P K % ek | FHA A T3 22 BOBRIE2E s ARAR A P Il S 7 | Ayt
TR MR WS e 5 PRI R A DG 3, X 1 S IR S 5 M PR 3, (A Tl B2 H R BE T G R BE WS XU 5 5 2 A B HR M 5 AR R
TR EIE VO RO B VH AR 3K 3 OB IR I 5 T2 03, L4 DHI i 3600 DHE 15 T 3668 i 8 X 4 S i IR Wi
UL T RIS A S, G E R A S S B

FRS L3 PUAS LA L 3 M 45 S A 5 B R RO 22 A S 28, 2 B0 PR v XU S 25 1R K
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T0.05, BERATEMR BE R HE LIRS AT KU PO 2R TR A BRI A5 P T XU o B R A R S5 A 2 (8] 7 A1 52
FRORHYIAER , I HL-5 5 MR 0 1) B B2 R PR SOPR A s AR B Hh A 7 i B2 Y 25 S B R ) i, ELOA TE AR
RIEF A oA vl [ o A0 i vy 2 IR 88 1 52 Wil B HR W ) B3 | EL A O TE R S 2R 10 1) SR
fief L HE AR e A LR A7 e R R M A B AN IR S IR M R 0 (R 6)

®6 ZRLMORAKRASHEATESNE

Table 6 Analysis of variance table for the parameters of the multiple linear regression model

A eIty fliiHA FrifEiR r p
Model Index Estimate Standard error
AR T I 0.368 0.323 1.139 0.255
Climate factor T 0.004 0.009 0.479 0.632
H -0.004 0.007 -0.681 0.496
i} <0.001 <0.001 1.770 0.077
WS -0.089 0.025 -3.532 <0.001 ***
TR ¥ U 0.399 0.075 5.353 <0.001 ***
Vegetable factor vC 0.014 0.004 3.520 <0.001 """
VH -0.004 0.003 -1.451 0.148
5 EHF I 0.239 0.055 4.382 <0.001 ***
Host factor DHI 0.016 0.007 2.111 0.035*
DHE 0.052 0.010 5.469 <0.001 ***
NAES I -0.710 2.043 -0.347 0.728
Geographical factor E 0.002 0.002 0.662 0.508
A <0.001 <0.001 -0.182 0.855
S -0.002 0.016 -0.126 0.900

223 ZIUIRERN TR
BT ZICIRA RN W45 #4 7 R AR 25 SRS | B MR 50 5 DU A T Z B A iR R = 0.01, B A& 1
R*=0.70, F/R 4509 Jr FREAUE IE 25 S 4 dg . Horp B R gk i 51 B 2 1A AP A B 3 IE MG E R ((P<
0.01) , 551 RBEMEAAAEA G R, 16 E PSR (P<0.001) S5 (P<0.001) HFE( P<0.001) [A] ¥
AR EMICR, BRRIN A S K52 Ak A0 A A i B = AN IR R s 3 3
VI oA 1 2 ah W R A B MR W B R A (6 7,161 4)
#7 ETSTRABNMEMFTEEABENSER

Table 7 Table of results of path fitting for structural equation models based on multivariate mixed effects

LB i i b Ik (B P Ml AR kR 2
Step Response Estimate Standard error Critical value Standard estimate
1 W AR - T 0.227 0.088 2.598 0.010** 0.094
WA o B - S A TR -0.004 0.119 -0.030 0.976 -0.001
W A R T 0.185 0.192 0.965 0.335 0.0322
2 i E R F-rE N -0.382 0.104 -3.690 <0.001 *** -0.161
15 F - T 0.180 0.064 2.816 0.005** 0.130
1 32 A - B A T 1.259 0.521 2.418 0.016" 0.100
3 FEAE R - 3 PR T 0.476 0.240 1.988 0.047" 0.090
= TR -0.154 0.029 -5.377 <0.001 *** -0.262
4 by 2R - A R T 0.025 0.400 0.063 0.950 0.003
3 it

A A U R AR i T2 1) — 283y, A A i JRTIUT 4 SC B B BEAT 5 2A0OBE 11 2, (4% %5 2E A2, A
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Fig.4 Path map of a structural equation model based on multivariate mixed effects
WOMRIEME B OARANR, SRNRA R EMRRR, BANART R EEN LK R, LHEF R B A SR S N 7 7.
Temperature/°C ; H : ¥ RH Humidity RH/% ; IT; Y6 #8 5% BE Tlumination Intensity/Lux; WS X Wind speed/m/s; VC . Hi#% 7 35 & Vegetation
coverage/ % ; VH K 1% 5 & Vegetation height/cm; DHI ;i 262 RH Dunghill humidity RH/% ; DHE ; 77 3= 2$HE % /& Dunghill Height/cm; E;
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W IR AEAET RS Zhang Z505 X LR X3 PGB 25 R P 77 4= AL SR 8 W ( Gasterophilus pecorum.)
[y [l 53 A i BT e BRAAR N 2 A o 5 0 32 s ) o3 A e BE AR G, TS IR W2 —Fh 2 18 EaF R RS A
W Hezs A oA Rl RE S50 sl DRI o6 X S EUE X% X 0 B A= Sh Wb A s v s i % IR A
TR IR 5 15 S A OCR A R G A TR IR X B IR A 1 £ A i Ok, BFSE 45 SR R,
S R o 5 [ I 0 ) 25 (R SR AE G R T St R s W 6 &R . Rtk AR SR 1 = iR sl il B S8 D 2
LB R R 25K TR A AE A T R A HL 2R AR R 0 T M DX, AR DG SR S T X —
AN, 76 R M X, AR5 T MG 4 28 sh W) | 21 188 55 RE K BE 71 W ( Ixodes ricinus ) & 3% ) B e (g s DX 20 e R
AR HE DR A A5 T DA o A DX e ) R RSB | R SR K 2 A5 K BT A Bl o A X s A R A i 2 1

PRAN 25 A R AEZS ) b S R R R 2 15, 38 5 52 BN MR IR B A5 A A s I, {30 A, - A e R S R
R = H R S ERER |, KA 1ML ( Haemaphysalis longicornis) W43 AT 5 W 1 28 K i G IR0 B S5 IR 45
FAg I R — A R e R R AR TE AR R N eAh, HA IR B R 2
G B K G IBAE A AR R T 2 RS R B, B N T B AR AL BE S S S0 v 0 g o
i, PR P 2 R 10 b DXt e TS v A A AR A DX ZE AT T R LR X SR B S
T35 AR MR e 2 ) P19 D 2R, AR T 5 v R, A 9 7 6o g IR L P - A 52 B Oy (235 (P <0.001 ), AU XS 3
RS L P 3 A 5 W KT B R B LT 75, A 0 7 o 2 v R XUGAER A b DX B IR M ) B s A T I 22, X —
AT BE S R IR XA 1 T BB A G, I et i 22 (IR K R A s 28 R 7 ek
AYPREE T, 38 HR AT B g ] T — LL RE A% S AN DR T AT 552 H ORI AT A DI XUk A e IX A B 10 2>
BRI [ B K A3 A 25 ., TR o T 5 S50 1 104 X D T 8 A B MR M 0 1 B S e i s ™) DR, 3 R g
] FRE BECRE B AR LA 7 S LU AR Y - A A A

FEMTRZS [ ROEE TR, H0Rh 437 T RE R A2 6] 40 2R 10 25 S 7 e B0 AR ) (R 25 SR 47 R E 2 RUBE 43T 7
PORIRGT ISR M5 g 2 22 (] i 23 () SQIBeME . 285 SRR I, 76 100m (123 [a] RUEE | | B MR L 55 L7 3= 9 23 1) 3
AT OGP o, LA, LISA B3 A s | B HR Mt 5 305 [ B vy %8 82 A1 DX AR rh 7K i, | 3y | T B R 5

http ; //www.ecologica.cn



16 #3 aREE 2RI XA XS AR Was [R) 4 JR) B il IR 7381

W 45 S0 0 vy 5 43 AT DA AR P R, X R FR T B P K PR A 7 T Rl 5 0T 1 R WA 7K 5
R R AT T FR I % 37 B R B A g LA R A7 S S ) A e 37 (4 R A R 5 0T R IR R 4 R Py
ik P SR 4 04 75 S L 5 R RUE XS B AR L A3 B M AR R/ A2 38 R DR DAy e i i) 5 B A
KA B S 25 A 35 4N T B IR L R ROL 2y . X U] 1 RS HR W B LRE N 1 AR S 1 1
AR, BN SRR W oey | 4 B O 5 AT A A/ TG 28 S ) B L TR H R 5 AR R A S Sh ) L Ay
AT MR A N () £ i S Sl s A 5 B T 1 3 X, O EL 2 X B AR Sl (R R SR 1
JE

W R IR R SR N 1 Z M LG AR M T Z2on bk Il D7, S5 R B IR W A1 5
i BB AR VIR SC (P<0.001) |, 5 8 1 5 HR 8600 PR R0 PR IR BE 0l Sp P, R, 9 AR IR BRI
R PP ASAUAS A2 3 A T A5 BRIE DR 1~ 22 8] B S R, 30 2% JE B PRI A 7 2 [ A A AR 2RI AT ST
KB, BRI DR 2T S e W A ) e s B AR T B, SR T 2 T IR A ROV R R T A R
W i T R AR AN 22 (8] B 52 2 S BT, A R S I B AR 0t % e 5 i SEAHOG, T 2 S AR R
foe MIEAHOC, XFMREER I RS HOC R AB N 1 i DX IR B 1 A% 4 IXURS: U AR R B ™08

IR M e 95 D B A S A L A A (R 23 P, B A s Ay A A B SR T 00 B K DR R A it
TR T LAK IR ] A% | J) PR35 DA B A 0y 1 o DX o % 1) A A Sy T R ER T 5 2001 4R E 5
AZ RGP IXE 20 R4, RS BF AU OR R B AR PR TG 15 3% St RO A b SEAROM T /K U
(O RFRRE 2 ) B [ T A L PR DX R 1 M MRS A e, T8 73 M A0 T 2R 8 A 7K R H
MEAR A DX, I DA, K2 i 7 ot K% G 408 5 377 1) i M Ml O 2 B2 | B 32 i T2 B IX i 45 A A U A
AR A1 P B0 X i 325 A A R AR P AR R, RS B MR A 5 0 P IR ) 2 R A A
5K, ELBEHR 88 5 B8 3 0 AT TR M X 3 —Z5 18 TO S N ML B B I 1 BB . I AT B HR MR 2 i 2
PR 21230 DT AR Sl B9 A A7, 30 2 DX SR B ) AL XU, AR BIT ST 2 AR B 1 B IR 02 114 2 (1] 73 A
FEAE 4875 1 16 32 B PRI IR X0 B HR MR A ey e o 0T 3 T 0 ) i A BRI 87 A i A B A o B L, )
WEGAR AT FRAR 4R AL 7 25 A B4R S ik

4 Zit

BRI 1) 73 A1 52 9 SR 7 A 24, FErb ot FC IR 2 S5 g R ) 2 [B] SR AR SC RS TG I 2839, A
RS e DA HRE SRS 22 i PR I3 2 A RAT i BETE IO | R B O ST A58 TR A LA i 405 i B IR 32 14
i, b g RO T GE R B AR o R X B R RS A A MR R B HR MR A A AL Wi
b XA S 2 S 1 R U Y TR N, 38 7% 1 S 0 ol B 5 LA M) T 8 B, S 7 5 4 o
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