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Effects of ant-hills on the community structure of soil microarthropods in an

alpine meadow ecosystem
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1 Institute of Qinghai-Tibetan Plateaw, Southwest Minzu University, Chengdu 610041, China
2 College of Environment and Ecology, Chongging University, Chongqing 400044 , China

Abstract; The objective of this study is to examine the effects of ant-hills on soil microarthropod communities in an alpine
meadow ecosystem. Six ant-hills with diameter between 30 cm and 35 ¢m and six paired adjacent plots (with 2 m interval )
as control were randomly selected in May, June and October 2018 in a Zoigé alpine meadow. Soil samples were collected
from ant-hills and controls. Soil microarthropods were extracted from the soil samples for 48 h at 38 “C using the Tullgren
method in the laboratory. The results showed that (1) the ant-hills markedly changed the structure of soil microarthropod
communities, i. e., the dominant group shifting from mites to springtails. (2 ) The individual densities of the
Entomobryomorph, Prostigmata and Oribatida in ant-hills were significantly higher than those in controls ( P<0.05), but
significant differences in the individual percentage between ant-hills and controls were only observed for Oribatida ( P<

0.05). (3) The significant increases were observed for the individual density and diversity of soil microarthropod
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communities in ant-hills (P<0. 05), especially for the individual densities of some fungivorous springtails ( such as
Coloburella, Cryptopygus and Folsomia ) and saprophagous mites ( such as Brennandania, Biscirus, Microppia and
Hypovertex ). (4) The individual density of soil microarthropod communities increased then declined in ant-hills ( P<0. 05)
but increased continually in controls (P>0.05) from May to October. The group number and Shannon index increased in
both ant-hills and controls with significance only observed in controls (P<0.05). (5) The group number and Shannon
diversity significantly and positively correlated with the soil organic matter content, but the individual density significantly
and negatively correlated with soil bulk density. The results indicated that ant-hills could change the taxonomic composition

structure, and increase the individual density and diversity of soil microarthropod communities.
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Fig.1 Ant-hills in alpine meadow ecosystem
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( Galumnella) A% R H ( Curculionidae adult) 5% 7 25, 5B HREM 6.93% .,

TEJZ IR I, BN ( Collembola ) AMAECAE B Fe v 7 SR AR 519 54.36% , 7EXT B H (Y 24.75% , WRIE 24
(Arachnida ) MMARBCAES e P A7 B R 1Y 44.07% , 7EXTRE R 68.32% , 2 HUZN (Insecta ) A% 7E I B
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Table 1 Taxonomic composition of soil microarthropod community in ant-hills and controls

- WY FE Ant-hills X} H& Controls S3T Total
Groups A% % AREL % AMREL %
Individuals Individuals Individuals

PR Collembola 1484 54.36 25 24.75 1509 53.30
KABEH Entomobryomorph 1454 53.26 19 18.81 1473 52.03
FEBKIR Coloburella 745 27.29 3 2.97 748 26.42
[k I Cryptopygus 571 20.92 2 1.98 573 20.24
kIR Folsomia 112 4.10 — — 112 3.96
BB E Pseudanurophorus 12 0.44 14 13.86 26 0.92
KBkJE Entomobrya 8 0.29 — — 8 0.28
kR Tomocerus 4 0.15 — — 4 0.14
I HBIE Paranurophorus 1 0.04 — — 1 0.04
e WkE Cyphoderus 1 0.04 — — 1 0.04
JEBEH Poduromorpha 29 1.06 4 3.96 33 1.17
AR Xenylla 11 0.40 4 3.96 15 0.53
PEBKE Neanura 12 0.44 — — 12 0.42
B AR Podura 4 0.15 — — 4 0.14
RBE Paranura 2 0.07 — — 2 0.07
MHEHEH Symphyleona 1 0.04 2 1.98 3 0.11
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e WCEE Ant-hills XTH Controls AT Total
Fef e — T
Groups (ENAE % MK % (NS %
Individuals Individuals Individuals
HABKE Bouretiella 1 0.04 2 1.98 3 0.11
WRIE4Y Arachnida 1203 44.07 69 68.32 1272 44.93
AT H Prostigmata 694 25.42 55 54.46 749 26.46
A& )E Brennandania 233 8.53 19 18.81 252 8.90
WU W 58 Biscirus 234 8.57 9 8.91 243 8.58
JE R} Scutacaridae 65 2.38 11 10.89 76 2.68
SRR Pygmephorus 66 2.42 1 0.99 67 2.37
L%} Trombidiidae 35 1.28 15 14.85 50 1.77
/NS IR Caligonellidae 49 1.79 — — 49 1.73
PR} Cheylrtidae 9 0.33 — — 9 0.32
KARWERL Anystidae 3 0.11 — — 3 0.11
F53F H Oribatida 381 13.96 3 2.97 384 13.56
TR 8 Microppia 126 4.62 — — 126 4.45
TIEW)E Hypovertex 103 3.77 2 1.98 105 3.71
INKIH R Galumnella 83 3.04 1 0.99 84 2.97
5 WIS Arcoppia 48 1.76 — — 48 1.70
R E Oxyoppia 21 0.77 — — 21 0.74
T H Mesostigmata 128 4.69 11 10.89 139 4.91
AR} Parasitidae 52 1.90 4 3.96 56 1.98
ML %} Phytoseiidae 46 1.68 7 6.93 53 1.87
NLJ5 45 )& Proctolaelaps 30 1.10 — — 30 1.06
42N Insecta 39 1.43 7 6.93 46 1.62
#5 H Coleoptera 35 1.28 2 1.98 37 1.31
#Z R R Nitidulidae adult 25 0.92 1 0.99 26 0.92
&R H R Nitidulidae larvae 8 0.29 — — 8 0.28
WOE HRHK R Anthicidae adult 2 0.07 — — 2 0.07
% HRHE IR Curculionidae adult — — 1 0.99 1 0.04
XU H %7 1L Diptera larvae 4 0.15 5 4.95 9 0.32
9% LR} Micropezidae 4 0.15 — — 4 0.14
IRl Muscidae — — 2 1.98 2 0.07
AR IR Sciaridae — — 1 0.99 1 0.04
Jii FICRE Ceroplatidae — — 1 0.99 1 0.04
FEWCRL Chironomidae — — 1 0.99 1 0.04
X4 Diplura 4 0.15 — — 4 0.14
W H Diplura 4 0.15 — — 4 0.14
1% L )\J& Lepidocampa 4 0.15 — — 4 0.14
SRS Total individuals 2730 100. 00 101 100. 00 2831 100. 00

JINEY A ST B IRV HE Y A AT 2 R (1 2) W M0 Fe ARG BE ] F /N8 - S35 R sl W 0 2 ) s A A A
WY 22 5, ELBESRAE A 032246, LA 5 10 H (/N L 85 RSl Wy e Ve 4640 22 S 8 W1 X, e Ah A TR) ) o Tl 52 il
INEY ST RS IR S5 A ) RN . 5.7 .10 A5, 78 PCL il b 52 M B v 45 480 1 2 2 2 23l 2 ok
158k ( Trombidiidae ) | ZE Bk & ( Coloburella) F1/INEAYE & ( Caligonellidae ) 55 , 71 PC2 il [ 52 Wi 7% 45 #4) ) R 222k
FEZFBkJE ( Cryptopygus) T & Wi JE ( Hypovertex ) R 8 F} ( Parasitidae ) 5%,
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Fig.2 Differences in soil microarthropod communities between ant-hills and controls
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Fig.3 The dynamics in individual density and percentage of the dominant groups ( Mean+SE)
AR E FRERRAG A i (8] 22 5 3 (P<0. 05) , ANJF)/NE T REFR R AR IR AL S0 [F) 43 (] 22 53 . 25 (P<0.05)

BREE B SEBFEUR Shannon ZAETEFE AU B35 5 T X IR (P<0.05) ; H 0 A8 b Xt  2EBEH . Shannon Z#E1:
FREA WM (P<0.05) , WA /N - $5805 JE S I AU AR BEAE AN [R) A 0 (B A7 A i 3 25 57 (P<
0.05) , 17 X BE /N 4 398 Ji S i V% 245 Shannon Z2REVETE S Pielou 25] BEFE B4 16 A 143 75 4k i 4%
Jn(P<0.05) .,

F2 MBEBENMEERISUAINEZFESNER
Table 2 Results of two-way ANOVA on the individual density and percentage of the dominant groups

S KAEkH Entomobrvomorph AT H Prostigmata 5 H Oribatida
S 8 df S Density % R Density % B Density %
Sources

F P F P F P F P F P F P
WCEE Ant-hills 1,10 4.66 0.039 1.78 0.192 10.68 0.003 4.15 0.051 7.72 0.009 8.75 0.006
A1 Month 2,10 0.83 0.445 0.37 0.693 3.09 0.060 0.98 0.387 2.77 0.079 1.07 0.357
WY Fr. Ant-hills x H 4/} Month 2,20 0.79 0.465 0.88  0.426 2.85 0.074 2.90 0.071 2.69 0.084 0.67 0.521
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Fig.4 The individual density and diversity index of soil microarthropod communities in ant-hills and controls ( Mean+SE)

ARG AR IR AN R A 5 1 22 57 835 (P<0. 05) , ARl ING FHRERR Rl — A= AN IR H 1) 22 57 2 3 ( P<0. 05)

x3 WEENBRAMETETEINBEEEERSEEERESN

Table 3 Results of two-way ANOVA on the individual density and diversity index of soil microarthropod communities in ant-hills and controls

\ INTTS ERTT SRR (1) F AR RCE)
K ar Individual density Group number Shannon index Pielou index
Sources

F P F P F P F P
W Fr Ant-hills 1,10 10.38 0.003 23.65 <0.001 4.65 0.039 0.001 0.973
A1 Month 2,10 1.78 0.187 5.38 0.010 4.45 0.020 3.19 0.056
W Ant-hillsx H f4 Month 2,20 1.65 0.210 0.53 0.592 0.28 0.752 2.38 0.109

3.4 HHEEULMER S /NE SR B OC &
W R BRSNS R AR B A S PR R P R 2% 4, W HIEP AR AR S RN R EE TX
B3 (P<0.01 50.05) (HAEE F/KEYEEMLTXHX 5 (P<0.01),

x4 WEMNBHTEEBUMER(n=6)

Table 4 Soil chemical properties in ant-hills and controls

FR5E7E i Environmental variables I Ant-hills %I 18 Controls t P

/KA Water content /% 0.070.01 0.35+0.02 12.51 <0.001
T Bulk density /(g/cm?) 0.23+0.02 0.91+0.06 9.22 <0.001
AP Soil organic matter /( g/kg) 221.02+29.02 100. 819. 66 4.86 0.002
4% Total nitrogen /(g/kg) 8.35+0.56 4.66+0.43 4.28 0.002
=W Total phosphorus / ( g/kg) 1.46+0.08 0.87+0. 05 7.49 0.001

INI ST S VR A S AV S AR I T B A A3 A (3R 5) G5 2R R I, /N 358 BBl W i R
Shannon ZAEMFEEC AR H I E S AV 2 205 82 5B MK (P<0.05) , /ME%ESE L
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i EREEFEFEME(P<0.05), iV HMNEE S SR SEE D FIEME(P<0.05) , MR KBEE
Shannon ZFEPEFEEC K AABKH AT H B 8EY H A% 55 S & 5 B A (P<0.05)

£S5 DETEVEIMESRERFEBEXSHT

Table 5 Relationships between soil microarthropods and environmental factors

MR RREE  ZRESE(H) B EHERU(E)

WA . . i KBk H ISR AE] g H
. . Individual Group Shannon Pielou X o
Environmental variables . . . Entomobryomorph  Prostigmata Oribatida
density number index index
A~ E=N
KL /% -0.45 -0.48 -0.34 0.06 -0.41 -0.43 0.43
Water content
P~ 3
HH/ (g/em’) -0.62" ~0.89** ~0.65" 0.07 ~0.49** -0.79** 0.75°"
Bulk density
i/ (g/k . .
ﬁfﬂu\ ('g/ &) 0.60 " 0.95*" 0.76*" 0.05 0.49 0.83 %" 0.58**
Soil organic matter
25/ (g/ke) )
. 0.56 0.91*" 0.72*" 0.05 0.46 0.77"" 0.62°
Total nitrogen
>/ (2/k
2B/ (¢/ke) 0.43 0.83* 0.67" 0.05 0.34 0.64" 0.46

Total phosphorus
* RN L FEKT P<0.05 5 % /R P<0.01 , SUZ KB

4 g
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MRl TR A i R E Bk AT Bk LR g 26 v 4 A A 0 | S0 W s S o e Y g Jes A S I T
R ) A AR 3, RN Rk AT R 2 e A IS I OO U T | R o)
FIUT s F 8 SR I e P mT R P R A ) T B R 2 L T AR A L
P I PR A ) T 02 1E 4 SO W A R R A SRR S T B N B R RS R R R B B
TR T A SR R B HE T AR Bl T A R R T R AR S A DL B B T R
FEWCEE P FRATTI S X P A e O b B, 2 S Fr 30 R R R S | BRSO | A RS Y
FB RS Y, PRI BN 1% 53% 1 46% , K HHHES P 208 AT 58 A HLBT | oeas 34kt
SEHERIAE YA TE T BN S S R R M B IR DS R i UL R AR
ARSI AR e A R B ] L3 b RN R R S A DL R S LS S RV 4 S R

Fouk, A B/ N B RS W AR A 0 2 RS DR SRR MR BE M S A 22 53T ARBE Y
KB HEA AR IR R B B SO OGS R B S AR P AL v AR RO i e
SR T A R B AP RS AR SRR B AR B IR ARG, 2R e
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A FERANRES BT, AR F /N T S I sh AR AU A A R
TR IR A R AR T R h T SR T Sl R AR SR T A A IR A SRR T
T A B Ry /N S BN ISl B A A R UROR S A 3 1 S A B

http ; //www. ecologica. cn



1622 A E = 41 5

AWFFE S KBRS/ N R B W R AR BE R 2R S S AR U AR DG A W3 L H
HAAR S5 /N ST B Bl RV 2R S A AR — 3, T RE 0 SR R 2 B A WO IR 2 i I R /N
BT S E DA PR TR (AR o) B9 5 S HE R AR 3R 55 1

VLA , 2 SR A5 P 5 0 S5 6 6 - 9P 5 i ) 1o R v 2 B e PN R 2 e v 1 R R T X
A5 X T 1 0 LR 5 L ) I AR 22 M TR L K I PR AR 0 I AR A A 2 T A
HEYIADC M 2R AR BTG L) AR Sk B A e IS 70 - 398 sl W R I R AE O R b & B, ISR
TR BE 2 REPEFR S R R S I DE T 5% IXURR A5 7)1 1 b v 528 ) A e oA 0 A TR RO I 5 PR R
FF ) S S0 SRV T R R 4 3 1 S R BE 3 I K P B et A B i T DA s /N8 33 B sl A
RERIZAEVE S PRI, SR /N - T R s B A A B 2 REERR SO R T R VR Ry M ER 1Sy
i) 7 R AR E R SR Y XA S R G T RE RO TE B SRR BRTE A
W e A R S0 ) AR R o i O A R A AR R A, B TAR R
BRI /INED - 98 I Sl 5 N R s T R DR I R DA Ay e S ) A 2 R /N M
S ZREPETE R
4.2 WCRXT/NEY A e R Bl 2T Sh A IR

AT 54 i B F RN R /N T J Sl W 25 A AN IR] 28 B30 Fe /N 35 S AN AR 3 B A
2 B AR MO IR R SRR 2 RE PR R A FEFRBOA W R AL, WU /N RIS B )
W AR BRI 7 A KR T F R 0 AR R 10 A BRkJE RO W T ) AR e A
KF5 A XL E T RS &N+ 5 s 0 TR SE R, 5—10 A A ¥R 8.0
C,AH LR 12.0 €5 A FRZHHERIEG, SIREAK , AR A 20 S5 M 58 B B, 11 7,10 7 7588 A
X A R T W P AR A W B RS R I B, e AN, TR R 5 M X AR Y R 600—800 mm , H 32 B4
HirE 5—8 A MK A A AR T Ak i 3 S G B R B R L A P R /N A I
R Wy A A FE RGN AR BRI S SR ) rh N I R W) AR B S AR e B R
/NS A ST RS R T A S E AR Shannon Z2FEPEFEECE 5,10 H A1 322 5 LR R AT g /2 R Dy ax 4 )
AR i e FE R AE TR (AL FP S R | 3 DA SR T IR 2 1 AR AR R, e T /N 3 i B
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5 #ig
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