5542 B 18 W) S &~ £ Eild Vol.42,No.18
2022 4F 9 A ACTA ECOLOGICA SINICA Sep.,2022

DOI: 10.5846/stxb202201210204
¥, XM, T T, T A B U e B A T A R SCHOG R A G R A R B AR A 241, 2022, 42(18) :7507-7516.

Zeng F Y, Liu RT, Ji X R, Bai Y J, Yang M.Distribution of ant mounds in sand dune microtopographic habitats and their responses to the restoration
process. Acta Ecologica Sinica,2022,42(18) .7507-7516.

P Fr {3 2 A 55 BT 43 R A A H X i & 3T 32 B Hin

/Eil,zs ’ 1 4%?)%—1’2’3’ * , %:%3%1,2,3 ’ g ;T-{E—lz{,‘l’zﬁ ’7% 1§i1,2,3
| TERFESHE R 41 750021

2 PEIRIAE S R S B A A= BRI 750021

3 PHE R Al 5 2 A [ R S s B A AR )1 750021

O T FIUYD e GO A S5 e A0 B A R X o [T 1o e g o o ML, AR R0 U0 R S X, T4 AN (] 1 0 o B
U ICH) 4 AT5 02 (PYAE R P RE AR A B Akt 02 1 A [ i A I 8 2 | B AR AN B, 0BT T S T M I P A AR
oSl op A A, AR . (1) WSV Fes Wiy (BPAR R 77 000 ) B0 Fe 2 BE S 2 8 T A7 67, (RN s v e 2 i s vd b, #5
DRI ( RIVAS T 7567 ) M 28 B8 S AR T A T 6 5 DA [ 7 U0 e T A, % (8] 0 T 0 e Fol e T2 o e 265 B2 70 A1 B8 S M /s
() TER BNV e AR B VD e 2 [ V0 i, S [ RO AR 85 Hp e A2 R g B8 49 B B R AL A WL, B ZR g (2 4/ T 0
MT7 A AR E VD Fr, W e BE R BN 2R 1 O (AN AR e AR B DY g FARAE D5 2 /N T AL 5 6z, (3) 7R3
Fe, VI PG P AR P 5 L 2 (8] A B3R B 34 20 3 A B T 7~ i sl B A S E U0 B, 4 05 b i e 28 (8] 7 A 2
RN R ATTY , (4) HISCHEI TR, AR B VB BRI A5G T W8 B e | AR S A B E | 2R 8] B AR S A
A R [0 B BOEES , A R SE T WO AE S 3 B AR IR OGN 8, BIFSESR I FERRID U M, B R 3 v e [#]
SE RS IZEYR A, U0 Fr AN ) 25 1) 75 07 0CE 5 82 50 22 5 40 /0N , T 50 A R oo FEE AT A7 U0 Fe R ) 35 2 Sk, O ELIC
TS )77 o7 1 24 S R IR

KI5 23 ()20 5 U0 58 5 U0 I flot I s BRI VD M

Distribution of ant mounds in sand dune microtopographic habitats and their
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Abstract: The objective of this study was to clarify the distribution of ant mounds in sand dune microtopographic habitats
and their responses to the restoration process. In Horqgin sandy land, four dune aspects (i.e., northwest, southeast,
southwest, and northeast) of dune were selected as sampling sites in mobile sand dune, semi-mobile sand dune, semi-fixed
sand dune, and fixed sand dune. The density, diameter and height of ant mounds were measured, and the distribution of
ant mounds sand dune microtopographic habitats were analyzed. The results showed that; (1) from mobile dune to semi-
mobile dune, there was an opposite distribution of ant mound density between the four habitats of dune aspects. The density

of ant mounds in mobile dunes was significantly higher on leeward aspect (i.e., southeast direction) than that on other
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aspects, whereas the density of ant mounds in semi-mobile dunes was significantly lower on leeward aspect (i.e., southeast
direction) than that on other aspects. However, there was a little effect of dune aspects on ant mound density in both semi-
fixed and fixed sandy dunes. (2) There was a similar distribution of ant mound diameter and height between dune aspects in
mobile dune, semi-mobile dune, and semi-fixed dune; the ant mound diameter and height was significantly lower on the
southeast aspect than on the other aspects. In fixed sand dune, the height of ant mounds was significantly lower on the
southeast aspect, but the diameter of ant mounds was significantly lower on the southwest and northeast aspects than on the
other aspects. (3) The spatial distribution of ant mounds indicated a pattern of uniform in the northwest, southwest and
southeast dune aspects in mobile sand dune. However, it indicated a pattern of clumped distribution in the four dune aspects
in semi-mobile, semi-fixed, and fixed sand dunes. (4) The correlation analysis showed that the correlation coefficients
between the density, height and diameter of ant mounds and the plant density and diversity in different dune aspects differed
between mobile, semi-mobile, semi-fixed, and fixed sand dunes. The correlation coefficients in different dune aspects
increased along with the ecological restoration process of mobile sand dunes. In conclusion, with the fixation of mobile
dunes, the differences of ant mound density between dune aspects decreased from mobile and semi-mobile sand dunes
toward semi-fixed and fixed sand dunes in Horgin sandy land. The distribution of ant mount diameter and height was still
significantly different among the four micro—topography of sand dunes. The spatial distribution of ant mounds indicated a

similar pattern of clumped distribution during the restoration process.

Key Words: ant mound; spatial distribution; fixation of mobile sand dune; dune aspect; Horqin Sandy Land
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Table 1 Classification of dune types based on the vegetation cover
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Fig.1 Overview of the study area

2 WRAE
2.1 FEMbIERE SR T

EBEFRENY E(M) GRS I (SM) CEREED . (SF) FEV E(F) 4 BRI i RAF 7 sh b 1 nd [
SERTRR, BRIV P 3 AMENEE A 0.18—0.24 hm?  BEES 2—5 km, W THF5E X LUBAT I I XK
F WORE FERA FE A RS PEIE (NW) VARG (SW) R (SE) ARJL(NE) 4 ASAHER I 1] b A i )6 4

http ; //www.ecologica.cn



2
He

7510 2 SO Eire 2%

R, BB 150—300 m’,
22 WA

TEREAAE I, RIBURE T VR AT YL A1 5 NFEJT (5 mxS m) #E47 W %5 B (4~/100m? ) PE 25 BE 7 [l b 2—
4 m ALV RE ST 240 A~ (4 KHxd A T7 (3 TR XS AREST) . LEREAREDT P, VAT A2 (om) FIES
J&(em) o
2.3 fEPRAA

R AR X AR ) Z2 AR VX i SO e 53 A 52 e, FEASBIFSE 1Y 240 ASAEJT N, TR A RS N AR B
FRISEL AR MREL . Geit 4 A W Fh 28 B MR , TR AR D7 A 90 % B (#R/hm® ) | Simpson 2 FEMEHE 4L
Shannon-Wiener Z 38 %L  Richness & 84K,
2.4 BAEIHT
2.4.1 WA AR AT

R F 23 (A1 Jm) EEESHCAN . Y BURE(C) CFIBTE (m ™) ABFHREL(C,) RUMEAEE(1,) T8
(1) FREA 3053 A5 K B 5390 53 A J0 W 0 7 C IO e 2 ) A% J A A

PHERE(C) P, c =% (1)
H, S M AN RE IS P-4 %8 B 1 5 22 , o A IR IS e S 38 % B B ML, € R HR SO TR R 4y
A Je A O B AL, 2 C<1 IR EI5100 41 5 25 C=1 BN BEHLAM 5 25 C> 1 I SRAE M

SEIHHEEE (m” )

m*=x+(%—1) (2)

A, m " RN PR m T (ORI A T S PR B AR R

AEHEEL(C, )0

¢, = (3)

A, 2 €, <0 BEISI5M; % €, =0 BEOWBEBLAM; 4 C,>0 B RIS
RIMEFEH(1,)

=" (4)
St 8 1< 1 IS 24 1, = | BEHLA 2 1, > 1 R4
AR (D
I = sz -1 (5)
ST, 4 <0 W51 40 24 1= 0 B BERLAMA 5 2 150 Bl 58401
I K EPY
R ©)

K, K R0 ZISH, HR RS SR AR DR BE | K80/ )N DUl 2R B ol B jB i
242 WEgt

K H Excel 1 SPSS 26.0 FAF XA R HEA AR 4387, SR R AT A FE T HEBE 1Y Simpson ZFEM: 5
U Shannon-Wiener ZHEPEFE %L Richness 5 FEFE 5L, N H SPSS 26.0 X 54l Ao i 47 1E S0 A K 56, 9% 5 1
FFA IE S AR 5 BRI ] LSD d5e/I 2 57t b 2 W X AN [a] [0 V0 B B AN ] O 6 I e 25 B2 v B | AR A Al A 7
SIHT o REASTR] BV B BEAS TR T 2 0 e 2% 1 e BE L ELAR S AR 81 Simpson Z2AEPEFE £ Shannon-Wiener Z2FE£4%

http ; //www.ecologica.cn



18 4 Rl 45 V0 PR A B 3 A A S R R B2 e 8 ) i )7 7511

F8%L Richness & & BEFEE0 AR W) %% B iE A7 B4R 8 AH G 43 B, WF 5% XA L €1 ok H Bigemap GIS Office 2
ArcMap 10.07 #EFT4 1, HAYEI#4 R A OriginPro 2018 HAF2E47HI A

3 ERESH R L
I e E 0 MR
31 W b

k2 s, sl fe b B, W% R SR BN AR R
F0E (14.00 4~/100m” ) g 35 & T Hifth 3 67 (P<
0.05) , M PEIL A7 U B A AR AL 5 o 1] 22 S5 A i 2%

——

HH

WU

Density of ant mounds/(/~/100m?)
S
(=]
T

(P>0.05) . K3 BNV BB, 105 18 2 0O 75 1L )y T | :
{37 (17.84 4~/100m* ) FI P F5 5 3% ( 19.7143 4~/100m* ) 27 /%//
WEE T4 {7 (9.0667 /~/100m?) (P<0.05) , Ti 4 N2 . :

b7 7 5 5ol 3 DI % 7R B3 (P>0.05) . K[ 5E = mw xm &k

b B B e VD B, R BE R A 4 A7 (6 ) G J 3 2% Jifit Orientation

S(P>0.05) ., B2 R EEEERR ARG AEENEEES T CFHME
32 WEHBRMEE PRI

ﬁn[’g—[ 3 B]i/?—\‘ , mirhzjj{//l\ E:’ m)‘( E:Eﬁé %:2}% j\j@j [ﬂjifﬁ Fig.2 The distribution of density of ant mounds on different
(82.8 6 mm) %[];E I”ﬁj:? 'fj ( 91.026 mm) ﬁ%% ﬂ: ZF\T% ﬁ (Sl]l;x;e aspects following the fixation of mobile sand dune ( Mean =
£ (34.41 mm) (P<0.05) , Ifii ¥4 §g J5 o7 5 HiAth 3 A5 fr AR B R B SR B B P<0.05)
[ TC i 2557 (P>0.05) s WU & BE R BN 4 45 iz 1]
PR EZST (P>0.05), Pshvb o, WEEHAFRN NG A7 (102.62 mm) &3 & F 9 m o5 4
(80.86 mm) AAtF7 1 (83.87 mm) FIZEI /717 (10.69 mm) ( P<0.05) , ifii H.P4 g 5 v AL 75 0 B & 8 T4
AL (P<0.05) 3 W g BE R B PG L7 02 (18.43 mm) B35 55 T WU R 5 A2 (9.87 mm) ZRILT5 £ (13.18 mm)
AR (111 mm) (P<0.05) , 17 5 PG &g (i AR A6 7 60 8 3 = T ARAL 7 0 ( P<0.05) , PR e v i, WU
FARRBA YR 702 (92.80 mm) 3 5 T U AL T3 02 (45.64 mm ) FIZR G J5 02 (7.67 mm) FZRAL T2 (9.19
mm) ( P<0.05) , VGAC T 07 3 3 & T AR p 7 L S AR A T v ( P<0.05) 5 W e 5 B8 R B0 R PE RS 5 2 ( 10.55 mm) {i
ER TP AL(6.16 mm) FREGHAL(1.14 mm) FIARILTT 7 (1.03 mm) (P<0.05) , PHIb 5 38 & T A w7
PRI AL (P<0.05) , [EE VD e, 8 e AR PG 747 (31.46 mm) 2 & F VYR 77 ( 23.22 mm) FlI
AR A1(24.05 mm) (P<0.05) , AR J5 2 (28.01 mm) W AR5 HA 3 4>J5 fz[A] 6 1. 3% 22 57 (P>0.05)

Cl#ighb e P E VD Pz E 0 B m
300

40 |
250
= 200 b B [
3 ; ——— g Lo
W / : g 25 a
@g 150»/ . / *&Sézok/
=2 // ?}/ ) % |
2 100 f S
2 I / ab [ 5 10 / - /
5 sof a T omom e a = 7 a - T
SV b
/a ab T a £ a
0 0
[l i Rl e [iEA i) R FAk

75 7. Orientation

B3 matERERREPRAEAMERNEERRSESHCEYMELARER)

Fig.3 The diameter and height of ant mounds on different aspects following the fixation of mobile sand dune ( Mean+SE)
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Table 2 Main parameters of the spatial pattern of ant mounds on different aspects following the fixation of mobile sand dune
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Table 3 The distribution of plant densitynd diversity on different aspects following the fixation of mobile sand dune ( Mean+SE)

W IR i Shannon-Wiener #%  Simpson ZFEMEFE L Fm EAREL YR/ (Fk/hm?)
Dune types Direction Shannon Wiener index Simpson diversity index Richness index Plant density
bk R [ Ay va 1.164+0.090a 0.592+0.044ab 5.200+0.250a 7280.000 1396.249ab
Mobile dunes [T 1.034+0.063ab 0.529+0.038ab 5.100+0.233a 9230.000+1846.922a
AR 1.171+0.084a 0.625+0.029a 5.400+0.452a 10860.000+965.8847a
g/ Nal R A 0.908+0.067h 0.492+0.037b 4.500+0.373a 3760.000+918.598h
S eIk [Li|apsgva 1.323+0.076a 0.675+0.028a 5.066+0.300b 5840.000+1708.712a
Semi-mobile dunes P RE L 1.342+0.086a 0.643+0.039a 6.866+0.322a 7153.333+1084.7801a
AR 1.303+0.064a 0.641+0.029a 5.666+0.287ab 6180.000+621.917a
A0 1.275+0.088a 0.640+0.032a 6.000+0.669ab 6340.000+1614.571a
2 [ 2 Vb [Lii | Ay A 1.354+0.064a 0.651+0.027a 7.0000.390ab 8086.667+1038.995a
Semi-fixed dunes [P 1.475+0.069a 0.705+0.032a 6.333+0.303b 4386.667+711.127b
KL 1.488+0.051a 0.693+0.019a 7.733+0.345a 8373.33321118.352a
AR r 1.407£0.064a 0.664+0.025a 7.933+0.408a 9373.333+1281.720a
#7270 4 [iiif | dpsgva 1.348+0.082a 0.673+0.034a 5.000+0.276a 3006.667+308.316h
Fixed dunes LA 1.269+0.090ab 0.636+0.035a 5.400+0.423a 1446.667+138.656a
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B A /NG TR FoR R Vb R [R (T RO 2 RE M 1 1 22 5 1.3 ( P<0.05)
4 itig

4.1 Vb Fe il B % B REAE

FERHRIDYD L, 3 ShvD o —Fh 32 BV B SR Y 78 3 sh Vb B [ 52 9030 s ) AR 390 (1
W) AN i IE 3 A o A A e o 5 25 e e BT 45 R, W shid R Ak i sh v e
STV ST T A7 - 33 VAR 5 A v T EL A o i R o 2 A AR DR A XU e R S T 1 S O
)y A B S e A R S RSO (3 R B R A A e W e S (R TE
e [ 2 Vb Fr R 22 0 e B B, 39 3 i 20k A TR LA K 3R 238 iz g e A ) (45 A A KU AR ) 5 i
JIN XA RE A VD IR R 88 R M 5 F ) s T A R AR R 2 SR B R~ 1] S A R 2 B BEAS [ U e D 7 1)
FI 2 AR I 25 5

ARG EEREH] I shvb e AR R 7 67 e 285 B S 3 e 1 HAth 3 S5 o7, T2 i 3D B B B AR R o7 I
i e S R A A LAY = A VA ) 11 M P d O ) A s < N P 1wk = 9087
MR O EE N R B SR, B 32 PE ALK R R CRHRID U0 LU PG X 327
T3 BRI FH I, 2 17052 M 81000 0 1 4 L S0 8R30S ( BV e 2R g ) ) AR X 32 KUk 5% e
BN NN VR A SR A R T IO S A BTy, B AT s AR e R R A . R R
TET , N Bhb BB sh U0 e A A TR A, 30 R ( BIPG A Jy 1) R oG pg 5 o7 b ) A8 ) % B2 B sl W
SRR A R A, e o B, e S TR AR TR A A R B A T Y R S S b 5
(£ 3) , 2R BBURE AR5 B o A A D P s Fe i 2R ma o7 L 0 Fr %% B 7E S5 AR ) %5 B AR e
WEIEAHOCR (K 4)UE 13X — W,

http ; //www.ecologica.cn



7514 £ ¥ i 0%
Vb IE.287 Dune types
W R ki AT R EVD R & & v
0.940
ik -0.023 0.084 0.013 0018 LS -0.099 0418
P 2 -0.296 0152 0.147 0.127
<l
=
=] 0248 0396 ~0.066 0.007 ~0.539* 0.728**IREEN 0.939+* JEINI 0.620
b 0.737* Y] 0357 0.126 0.067 0.081 0.096 0.268 KNl
7}
b 4
=] i e 504 -0.453 -0.402 0.706**% —-0.007 0.419 0397 0438 0417
=}
g - 0.300
b
g
v m VW -0.124 NI ~0.452 5 TRI -0.657 #* -0.644%* -0.500% =
73 “EE
8 4
4 ®
2 =
8 B KE | 044 043 0278 0366 0182 0.044 SUR0E) 0168 0.138 0273 0306 =
g
<
5 - -0.020
o ZRb | 0028 0017 0173 009 0059 -0.063 0444 0.376 FWESIEEN —0.012 0.149 WX -0.296
i
1=
= (LB -0.406 0419 0348 -0.028 -0.001 0017 0081 0248
@ [T -0.395 SRRRL 7l -0.106 -0.083 -0.024 0353 -0.303 -0.509 -0.419 0.340
o
H
E KM |0289 0264 0257 0113 0415 0.008 -0.004 0.139 0347 0247 0455 0416
AL | 0243 0161 0329 0063 0325 0265 037 0.046 0.095 0.134 -0.008
-0.660

Shannon-Wiener
Simpson
Richness

Plant density

Shannon-Wiener
Simpson
Richness

Plant density
Shannon-Wiener
Simpson
Richness

Plant density
Shannon-Wiener
Simpson
Richness

Plant density

FEY S5 1M & %5 FE Plant diersity and density

4 WEHESEYSEERENEERXES T
Fig.4 Correlation analysis of ant mound characteristics and plant diversity and density

* P<0.05; * % P<0.01

4.2 WL EAR R FEXT VD PR A= 158 4 0 17

WCFE AR o EE I T BRIV ST 7 O % PR 1365 I B 1 B DDA DG . ARBFS b, i shvd e AN i sl v
Fo b WO EARR BN A T L8/, S AL T7 ok . SR shvh e AE U IR aR B Be oA T RERS 418 17
by 32 WAISZ R B S PR B A5 1F (R XS, PEALT7 67 ) , S A SRLEE G Bl ] LA aod il 28 5 e K/ N R PROR 2R 47 1
REPEE T AN A R I, AR S v B R A Sl Y Fst K, BV JE 5z L W Fr 2 5 T8 A T
o TAET I, BVAR R 7 6 B2 R I oA, b — 2D BiE 1 FSA WA

SN ST L S B E VD e WO AR A B A TR 4 D5 B R AR B U AR
SIATRRI 2 [ VD AR MR AL DT A B S S A 2R R R R SR SRR R O OG . E
BN R AR AL T AR XU, 32 WU 5/ ) TR0 A AL 2 R PR s, o T S B8O I AR A 85
FER/IN . AT MR, 2 1812 VD B AR AR AE 5 (2 e A 5 v JEE A ) AR R i 2 3, A ) 2 et
LGS, RIS, [ v e P4 g O e B AR A e B s T P U 7 7, 31X AT RE S AN [R) J5 B H B 2 )

http ; //www.ecologica.cn



18 31 Rl 45 V0 PR A B 3 A A S R R B2 e 8 ) i )7 7515

MO, BEFERM, B B XTI SR SR v i 3 — e s 7 2 B Y0 F P R O L BRI s TP AL O AL
X ] BB 5 7Y R APG I 7 o I AR N AR 22 i R 2 —

EJR AR E VD e b W e BE R B PG AL 5 (S AR 7 o B3 1 TP I 5 LA 1 5 oL, X S5 R 22
PO BEDIRE G . O MT R B, 11 v o P AU AAR AL D5 (S 5 e v B FIABL ) 22 R 52 TE AR OC , T 76 74 1 J7 2
W R E R ) A PR 2 SRR O R T X — i M IR R T, FE S AR BRI AR X AR 19 181 7€ U0 e AN [ 5
DA PRI 5 O R AE TR & b, 3K o S A R 22 b 4 A 38 1755 0 380
FEm oM, AEJE W AR R B VAL 7 3025 i TP g 7 L AN ZR AL 7 6, 3 AT B phy T 2 V0 B AN TR D Ao
() AL 2 S P S, AR SR A 3 W [T 0 P 9 U D7 67 B e B A R ) 22 R P B A ) 4 38 249 1 AE A
5K, VU B 5 6 e B AR R 22 A SAE Ay s FE 14 52 SRR 5%, AR E 5o e B AR AR ) 2 R SR TE ARG (B
PR B 52 GORE DG TR 13X — WA o AT LR T, 1 U Fe U R B R AR AR (E P L D5 oA T3 XU
BV I3 BL MR AT 5 5 2 IS ), S O ) 4 BE AR T 94 1 D (S A AR AU 7 B AIR , 54T A A0 2 JEE A
TG AZ VAL, MR M B AR

25 B RTA A i b A AN ] Vb B B, v Fe AN 7 (o7 b8 g B2 A B AR A A Ak, N AERIL ] AT fiE
R [ W B RN S A B DDA DG [l o i ST RE 1 W AR Tl 20 B B AR b T A 35 1 57
HMEA
4.3 WS )3 Aj 0 U B el T2 A4 5 1 i i

ABIFFE R I LT BNV Fr, W e i) 25 18] 53 Af 2 B0 VS AL T3 (2 04 R 75 L AR T8 5 (2 e 22 24 20 23, T ZR
AET7 O e S SRR A X SR R DI OG . MR SRIE 3 BT R W, W Bl U e AR b Ty o7 M 4 8 5 AR ) 4
BFEARSE  WIE T X— WA A BRI T s b e R S VbR, VAL T (R B 32 AL R
SR BB, 102K R 5 B2 b R 7 D R B ANH TR AR I, HL e AR sl v e 3 AR, ok i
2 ez Rl b s S VA D A e 1 B PR3 e

(B2, MR B Vb FrddiAe g~ i s Vb e 2 2 V0 B R [ 5 0 b i, e 2 [ 7341 A2 V0 Fe A AR SR M 5k
5 3 2 52 90 Fe AR B RSN AN, R~ I sh b e 2 v e S ] 5 0 B AN [ 90 e A AR 35 v 2 4 LR
e, — IRV AR AR R GE R MU I Sl i 2 0 s v o BSOS A 55 28 17 5 0 81 05 0 3R B8 AT
AR B A Y Fe— BTG B, V0 e bR A B8 132 7 08 g 2 X W USSR T o A AR
PEAE R 217 5 B0 SRS S AL e A AR B B v X5 D BT 46 181 58 i v o ol A 358 B R A PR Y

ST R R ARV A S RGP, v MO IR A 55 b 3K A A R0 A AL BB B
A3, S 80as 1] S M R g s e B
5 it

(1) N ShTD Ee 323 sl v Fe s ) (BIAR RS 7 0 ) 028 AR R AE TE AR SR 2 AT HRRAIE 2 [ i ] 5
VD FE AN TR) foCH b Xk M3 285 88 4 A RS2 A/

(2) WBhUY b AR A [ 52 v Fe AN (RN A 35 rP e A R ey 88 3 S B AR B AR A KL D
AR BT S8 /INT AT, 17 EL TR V0 e B A R 7 (5 M v B2 AN ELI R 0 o i e EAR S B P R
| R AT N R A

(3) W BHUD AR Rl 2 A 58 v e 3 B 2 5] oA A0 — BLIFAR 18152 , U0 B AN () 75 3 M s 18] 73 A1
AL J REE M

(4) BEFR FBTD B[ 5E | AN R R ] 00 5 138 22 S Pkl 58, 100 A B A A ey TS 7 e 22 51k, I HL,
L 2 R 8 ey ) 25 ) 3 A B SR AR

£ 3R ( References)
[ 1] FHBZE, T4, 25200 Pl RO R B Bt SR Y S AR AR SRS R R AR ZREE, 2016, 24(8) : 916-921.

http ; //www.ecologica.cn



7516 A E = 2%

[2]

[3]
[4]

Kilpeldinen J, Finér L, Niemeld P, Domisch T, Neuvonen S, Ohashi M, Risch A C, Sundstrém L. Carbon, nitrogen and phosphorus dynamics of
ant mounds ( Formica rufa group) in managed boreal forests of different successional stages. Applied Soil Ecology, 2007, 36(2/3) : 156-163.
MROCHE, BREE, PO, EnA. ZRISHIIX 2 bR o b e A BRI AR P AR SCERIE ST PEAEARSA BeSA AR, 2012, 27(2) : 121-126.
Cammeraat E L H, Risch A C. The impact of ants on mineral soil properties and processes at different spatial scales. Journal of Applied
Entomology, 2008, 132(4) . 285-294.

Jilkova V, Sebek O, Frouz J. Mechanisms of pH change in wood ant ( Formica polyctena) nests. Pedobiologia, 2012, 55(5) ; 247-251.

Mueller U G, Mikheyev A S, Hong E, Sen R, Warren D L, Solomon S E, Ishak H D, Cooper M, Miller J L., Shaffer K A, Juenger T E. Evolution
of cold-tolerant fungal symbionts permits winter fungiculture by leafcutter ants at the northern frontier of a tropical ant-fungus symbiosis. Proceedings
of the National Academy of Sciences of the United States of America, 2011, 108( 10) : 4053-4056.

Whitford W G, DiMarco R. Variability in soils and vegetation associated with harvester ant ( Pogonomyrmex rugosus) nests on a Chihuahuan Desert
watershed. Biology and Fertility of Soils, 1995, 20(3) . 169-173.

FEI MO AE A o o [ SR AR R YD AR B 23 ). (2005-06-20) [ 2022-03-19 ] . www.forestry.gov.cn

Flg, AHA. PED SR R B IR R, ERTTSL, 2015, 34(3) : 455-465.

IR, WAk, §1/0E. WS ARG KU AR AREAT T, K L fRFFElR, 2015, 35(4) ; 288-292.

RMZR, WRERSE, Z2R00, EIReR, FIAPE, R, SRR RHE s BE X v B XU B 45 4 B XUk i 5 ). i [l P9, 2019, 39(5)
29-36.

Liu R T, Zhao H L, Zhao X Y. Effect of vegetation restoration on ant nest-building activities following mobile dune stabilization in the Horqin Sandy
land, Northern China. Land Degradation & Development, 2009, 20(5) : 562-571.

FWE, BrRAE, EAff0E, ZEHEA, XU, X5 A. NS v DO 902 G # b R 3K 43 i 25 2F AR AR, T B IXHTSY, 2020, 37(4):
881-889.

HUOR, EHE, X, K, BREE, 200, i, B, 26, ST VY SRR R L e A S A B . B A
4R, 2019, 30(12) ; 4231-4239.

oo, XUBLE, LR, HFA, ML, BAbHIX 3 FAESRLT KU oA B R R . T ARAOL AR, 2020, 47(2) 2 110-117.

BEUR, B, (sl SRS . v RE R A AR AR R e ML e X /NI T RS R s . AR AR, 2021, 41(4) : 1613-1624.

B H5E TR CHORUA I P 58ty 8 B S SRS R R . NSl ISR 22 i AR, 2021, 50(1) : 59-66.

XTI, BRIAAR, X228 SR 2 ) a3, ik, BRIV H i sh b B 48 7 ( Formica cunicularia) S 16 3 S T H3ERVEH. IRV
¥, 2010, 30(1) ; 135-139.

XML, BURAR, X2 55 BLRID VD3I 3l v e 3 o O Fr A3 A K i B 2R o FH A 255441, 2009, 20(2) : 376-380.

SR, SERAT, BRI, BRAHT, SKBE. Yk YA B XHR O S . TN Ol R 2244, 2007, 42(6) ¢ 116-119.

PRI, ZRB0oR, JRAERE, SERAL, BIEZL, Kokl A B YR TR B X /B ( Formica cunicularia ) M A= 2538, A A%:4R, 2007,
27(4): 1508-1514.

ZEMURIMEETE P14, B HLE . 1999—2008. A& DUR . S SCIk AR, 2010.

WAL, SREEL BRI LSRR BT, AEASEAR, 1998, 18(3) : 225-232.

Daniel Borcard , Francois Gillet, Pierre Legendre 2 , #iVT 1%, $omAR . RIES WM. 2 M. dbat. SEHHE AR, 2020.

Wade M J, Fitzpatrick C L, Lively C M. 50-year anniversary of Lloyd's “mean crowding”; Ideas on patchy distributions. Journal of Animal
Ecology,2018, 87(5) : 1221-1226.

Cassie R M. Frequency distribution models in the ecology of plankton and other organisms. The Journal of Animal Ecology, 1962, 31(1): 65-92.
BaW, sk, MR, RS, EARS, AR AR R R ARSI A E B TA Z¢E , 2001, 16(2) : 112-113.
David F N, Moore P G. Notes on contagious distributions in plant populations. Annals of Botany, 1954, 18(69) . 47-53.

ARzl R, BESPAR, 2, mORER, TRRG b R RO R ) SRR R = 4k s (AR R S A AR A, 2003, 14
(9): 1485-1488.

PEhIE, oo, KGR, BXSE T, BXATME. AN RIS A VD M AR PR T R S 2 BRI ST, WAL TR 2 i ( AR B RR) L 2019, 41(4)
349-355.

AR BN, RN, 2Rt RUKIDYD AN RIS M B R E S B YR L 1T TR R 2254, 2006, 25(5) : 789-791.
UL, AP, EAT, XIBREE, TR BHURID R R A Kk G AR URRHIE ST, YR S R, 2020, 14(1) : 72-79.

kA, IRECRE, 285, Yasuhito Shirato. IBALYDBURE M H AR KD A vp 1 STE-HE ) RGO ASARARAE. oK L fRFFI, 2003, 23(6) : 1-6.
JHSLME, W5, BASCR. FEBEN TR U AR X A5 B K M S RARFAE. UL, 2020, 40(3) : 185-192.

0], BOABL. TR ATV AL IO ZEH K AR e . Al B =R, 2007, 28(2) : 15-19.

Guo Y R, Zhao H L, Zuo X A, Drake S, Zhao X Y. Biological soil crust development and its topsoil properties in the process of dune stabilization,
Inner Mongolia, China. Environmental Geology, 2008, 54(3) : 653-662.

Warburg I, Steinberger Y. On the spatial distribution of nests of the antsMessor arenarius and Messor ebeninus. Journal of Arid Environments,
1997, 36(4) : 671-676.

LM ALy WO AN R B i 3R P BT bR R AR 52 R [ D] . A AR, 2021

Zhao H L, Zhou R L, Su Y Z, Zhang H, Zhao L. Y, Drake S. Shrub facilitation of desert land restoration in the Horqin Sand Land of Inner
Mongolia. Ecological Engineering, 2007, 31(1) . 1-8.

http ; //www.ecologica.cn



