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Effects of alpine meadow degradation on soil insect diversity in the Qinghai-

Tibetan Plateau

GAO Yanmei, WU Pengfei *
College of Life Science and Technology , Southwest University for Nationalities ,Chengdu 610041, China

Abstract: Soil insects are an important component and play a key role in the material cycling and energy flow processes in
grassland ecosystems. However, soil insect populations are easily influenced by changes in environmental factors. The
Qinghai-Tibetan Plateau is the highest and largest plateau in the world, and is mainly dominated by alpine meadow
vegetation. Alpine meadow degradation has become an important, widespread, and growing ecological problem in the
Qinghai-Tibetan Plateau due to the effects of climate change and increasing overgrazing. The Zoigé wetland, which is
located on the eastern edge of the Qinghai-Tibetan Plateau, has also degraded due to climate change and increased
overgrazing over the last 50 years. Currently, there are four typical habitats ( swamp meadow, grassland meadow,
moderately degraded meadow, and seriously degraded meadow) in this area. However, the changes in the structure and
diversity of the soil insect community among the four habitats are unknown.

Six plots of 50 cm X 50 ecm were selected in each habitat to investigate the effects of alpine meadow degradation on the
soil insect community in April, May, July, and October of 2011. A total of 4,172 insect individuals were captured and

classified into 8 orders, 35 families, and 46 taxonomic groups. The Sciaridae larvae, Chironomidae larvae, and
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Curculionidae larvae were the dominant groups in soil insect communities, and Sciaridae larvae comprised the most
dominant group at all four degradation phases. The density and diversity indices of the soil insects were significantly lower in
the seriously degraded meadow compared with the other degradation phases (P < 0.01). The Sorenson and Morisita-Horn
similarity indices in the different degradation stages indicated that degradation of the alpine meadow had a strong effect on
the taxonomic composition and dominant group abundances of soil insect communities. Moreover, the seasonal dynamics in
the density and diversity of soil insect communities also differed among the different degradation stages. Degradation of the
alpine meadow also changed the spatio-temporal distributions of the dominant taxonomic groups of soil insect communities.
Correlation analysis showed that the diversity indices of soil insect communities were negatively correlated to soil pH (P <
0.01) and were positively correlated to below-ground biomass and phosphorus contents (P < 0.01), while the community
density was only negatively correlated to soil pH (P < 0.01). Our results indicated that degradation of the alpine meadow
influenced the taxonomic composition and spatio-temporal distributions of the soil insect communities by altering plant

communities and soil properties.
Key Words: soil insect; diversity; alpine meadow; degradation; Zoigé
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5 10—30 em, 3 B 90% DL &, 55U ) 1) 32 AR ) B0 2R B 5 (Festuca wallichanica ) | VU1 i 5
( Kobresia setchwanensis) =1 )5 B B 5 251 ( Carum carvi) IR 7F ( Stellera chamaejasme) 3L & H ( Anaphalis
lactea) S ARSEAE (Anemone trullifolia) JE4EFEAL ( Trollius farreri) (FEFEPE IR EL 5 MR R ( Poa pratensis) |
G ( Oxytropis Kansuensis) 55 , 5 5 20—40 cm, 5 90% L b, HEEIR L o fa) R ZAE Y FPRA 19T R
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Morisita-Horn FHIM: 2R 4L .
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measures ANOV A ) 735l % 23R T B B 2571 8] AN [R]3R £k B Bt ] - 498 [ R % %% 1 FN 2 ek 1Y) 22 53 3 Pk
AR, Gt 22 5 2 W] Tukey HSD ¥ (5 2255 ) 1 Tamhane's T2( M) 32 ( T 2EA5F) . X 5 A RMIES
A3 A BRI N log (a + 1) et Q5545 J5 475 A8 B IE 25 40 A B9 85008 WA . Kruskal-Wallis Test (H) Al
Mann-Whitney #4TIESH K, 48R AUBETE S5 R 5T I 8] B AR SC PR T IR 43 B ifE AT 56 . Spss20.0 X4k
WHEATEIT 53T
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Cyn =

3.1 IR MR BRI

2011 4% 457 .10 VU4 A A5 7E4 R o e FE B fm) L gl AR R IR R 4172 4> SR @ T 8 H,35 B, 46 25 (&
1), BRI IR IRl 4 d1 (Sciaridae larvae ) | % B F) 4 Ht ( Chironomidae larvae ) #14 H 8l 4 it
( Curculionidae larvae ), 7091 /5 BAd 2R 19 35.84% . 13.04% F1 13.09% ; & WAEHEIL 15 28 4 Bl 0
34.24%, T ZAEIE 28 28 A0 7 B AR = 1Y 3.80%
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Table 1 Community composition of soil insects at different degradation phases of Zoigé alpine meadow

TR ) T 5 A rh R IR AL i G REY AR FHE
SM GM MDM SDM Mean
Z4Hf Taxon
Density/ Density/ Density/ Density/ Density/
(nd/m®) 7 (ind/m?) 7 (ind/m?) © mm?) " (ndm?)
H5# H Coleoptera
% MA} Curculionidae 16.17 6.63 42.78 15.48  30.67 18.88 1.17 10.77 2270 13.09
AL Carabidae 7.83 3.21 15.28 5.53 2.83 1.74 0.67 6.15 6.65  3.84
St F R4 I Scarabaeidae larvae 8.33 3.42 5.17 1.87 11.50 7.08 0.67 6.15 6.42  3.70
FEM A} Silphidae 13.83 5.67 0.17 0.06 0.58 0.36 3.65 210
R B Chrysomelidae larvae 7.33 2.65 2.17 1.33 238  1.37
WY ARLSh . Pselaphidae larvae 7.67 2.77 1.00 0.62 2.17 125
K F B4 L Hydrophilidae larvae 0.17 0.07 7.00 4.31 1.79  1.03
KMEHEL Anthribidae 0.50 0.21 0.50 0.18 2.00 1.23 0.17 1.54 0.79  0.46
NI BL4h L Elateridae larvae 0.67 0.27 0.50 0.18 0.67 0.41 0.46  0.26
HEAA TR L Throscidae larvae 0.33 0.14 0.83 0.51 0.29  0.17
25 H#} Tenebrionidae 1.00 0.41 0.17 0.06 0.29  0.17
B4 B4 Silvanidae larvae 0.33 0.14 0.33 0.12 0.17  0.10
AR PRSI Corylophidae larvae 0.33 0.12 0.08  0.05
I SR Eumastacoidea larvae 0.33 0.14 0.08  0.05
N B IR Cleridae larvae 0.33 0.14 0.08  0.05
Wi d B} Staphylinidae 21.33 8.75 14.11 5.11 0.17 1.54 8.90  5.14
/NEE I RL4 HL Mycetoptophagidae larvae 0.17 0.07 0.04 0.02
AL Scydmaenidae 0.33 0.14 0.33 0.21 0.17  0.10
F:HIRH R Discolomidae larvae 0.17 0.06 0.04  0.02
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TR U LRSI X AR R ) Rk
SM GM MDM SDM Mean
Z#f Taxon
Density/ Density/ Density/ Density/ Density/
Gnd/m®) 7 (mdmd) 7 Gndm?) 7 (Gndm) C (ind/m?)
# 4RI Geotrupidae larvae 0.17 0.10 0.04  0.02
X H Diptera
R E RIS e Sciaridae larvae 123.50  50.66 62.50 22.61 62.50 38.48 62.13 3584
FEBRI4 H Chironomidae larvae 20.94 8.59 62.44  22.59 7.00 64.62  22.60 13.04
KICRF4) HL Tipulidae larvae 0.17 0.07 14.78 5.35 6.67 4.10 5.40 3.12
98 LI RLY) I Micropezidae larvae 7.00 2.53 1.75 1.01
BBl Muscidae 3.00 1.23 0.67 0.24 1.00 0.62 .17 0.67
R4 L Rhagionidae larvae 0.83 0.34 0.67 0.24 0.17 0.10 0.42  0.24
FWERLL R Phoridae larvae 1.00 0.62 025  0.14
AR Xylophagidae larvae 0.33 0.12 0.17 0.10 0.13  0.07
FWCRL L Mycetophilidae larvae 0.33 0.12 0.08  0.05
12 TR L Asilidae larvae 0.17 0.07 0.17 0.06 0.08  0.05
SR Therevidae larvae 0.17 0.07 0.17 0.06 0.08  0.05
AL Lonchaeidae larvae 0.33 0.12 0.08  0.05
JiE%# H Hymenoptera
1TZWUE Dorylus 7.00 2.53 7.00 4.31 3.50  2.02
INFWLUE Monomorium 14.00 5.74 3.50  2.02
B WU Tetramorium 7.17 2.59 1.79  1.03
WUE Formica 7.00 2.87 175  1.01
HEWURE Lasius 7.00 4.31 1.75 1.01
SEIEHUR Brachyponera 1.67 0.68 1.17 0.42 0.33 0.21 0.79  0.46
5 F Lepidoptera
g RL 4 e Hepialide larvae 0.50 0.18 1.67 1.03 0.54  0.31
MR Pieridae larvae 0.33 0.12 0.17 1.54 0.13  0.07
F 8k R 4 . Hepialus larvae 0.17 0.07 0.04  0.02
HE28F Other groups
[F]3# H #F 3t Homoptera larvae 0.50 0.21 16.17 5.85 14.33 8.83 0.83 7.69 7.96  4.59
1% ( B4 ) B4 Lepidopsocidae larvae 0.50 0.31 0.13  0.07
INK A% B A5 L Nysius larvae 0.17 0.10 0.04  0.02
Teik (k) J@ 4L Nllepidopsocus larvae 0.17 0.10 0.04  0.02
TR A Oxya larvae 0.17 0.06 0.04  0.02
Total abundance(ind./m?) 243.77 276.39 162.41 10.83 173.35
Total groups 27 31 26 8 46

SM,GM MDM ,SDM 7353l AR T 8 B i) 5 Ji ) v BE IR A o) AL BE AR AL i

I8 L R I RIORN % B 1 MU 249 Ry T | e R ) | v R R A e ) A R R R A R RSO R
27.31.,26 1 8 2 B 41K 243.77 m* 276.39 m® (163.41 m® A1 10.83 m’ . AR LB B, 25 2 19 144k
FERETE TP T 7 HEBIAEAE— B 22 55, TR R O S g AR IR 25 0R} &) e (Sciaridae larvae ) , o oS AN A1)
50.66% , ¥ WLAHIL 8 2 Ay H SRR 37.37% A AL 18 288 i HUE SRR 11.96% 5 i 5 ) (L5 A Ay
FEMCRL4) 31 ( Chironomidae larvae ) (43 HRE & MR 4 g1 A1 % B R4 B ( Curculionidae larvae ) , 5 H A SRS
60.68% , WHANIEAT 10 3¢, (5 HEAAELY 36.78% Fi A1 btk 18 3, it H AR 2.53% 5 T B IR AL i L 34
A IS HR 3 iRl 4 U ( Sciaridae larvae ) A4 H R} H ( Curculionidae larvae ), 5 H B AMAEEAY 57.36% , & ULFH
10 38, HHBA K%L 38.28% , F A B AL 14 28 5 H SRR 4.36% ; R AL O F R A 5 OB 4
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( Chironomidae larvae ) F14 H B}4f 1 ( Curculionidae larvae) , 3 5 HOBAMAE Y 75.38% ,F WAPIE 6 28 5 H &
MK 24.62% A Wi A ZERE, LA 70 2 W] e I e ) 05 R AR 2 2R A0 R B VA A RV S M 0 O E
IR DB T3 B VAR VR S LT A
3.2 TSR AL

ANRIER ALY B[] 1 HE R U Y% Morisita-Horn AH{RIME RECAE AL VEFIZE 0.10—0.86 Z[H], T Sorenson AH{RIM:
FREUNEAIEETE 0.27—0.57 Z 0] (3R 2) , FRWTR AL HE 7 10 ZH ST RO S5 X R XA A B 52 e 47 8¢
Ko Hi BEEEAEARSHE =B A Morisita-Horn AHRUTE 2R 2064 0.29 (FE FITE 0.10—0.58) ,
1M} Sorenson FH B 2R £ r-F- 21 0.31(0.27—0.35 Z 1) , W IR floxt 3 B HORET& i 2 S S &% 2
A B ARSI, I R ) | R e i R e B R AL R ) =35 [R] Morisita-Horn A BIE RELAE 0.71—
0.86Z 1], 1M Sorenson AHALTEFRELTE 0.50—0.57 Z [, 32 W1 v B2 1R AL iy - 38 8 O v B0 4L R R AL e
FOARS A AR 22 S N

F2 BIBRWHEE LR HBTEA M

Table 2 Similarity indexes among the soil insect communities at different degradation phases

RAER B THPERLf 5 B ) Hh B2 R AL ) AR AL )
Degradation phases SM GM MDM SDM
TREEHf] SM 0.57 0.50 0.31
R GM 0.71 * 0.56 0.35

th R fE R MDM 0.86 0.72 * 0.27
HEFRfLE A SDM 0.18 0.58 0.10

TR Z 1A Sorenson AL R EL, XF ML Z T A Morisita-Horn AU R %L,

33 IR MWNEE LSS

A IR 3 ey ) DU P B B v ) e ) A ) AR v R R A e Y 4 R U R R A T B 2 S
B e E v THEER R (B 1 R 3) . EEM S R R m AR A IR R A BER T
(3 3) B PR i R TR TR R R EE=W 2R (K1), HERBr =12k
PPN (1) R FE R f R v] DL R U B T 3, LA RS SR AR i FE A A AR Al X
T ORI A R S R S A A W R

e Je )V ) R v R OB A R Y b B R R RE R (5 ) | Shannon-Wiener 224 1 45 Al
Simpson YL EFRHOIN ) TC 3 25 5 B 0 s T E EE IR AL m A (1 FNER 3) o AT A B B
SR MR RO A B (1 1) M AEBExZ= 0 52 BAE A T3 R HOR I A B sem (K 3) . X
555 5 2B Shannon-Wiener Z2FEPEFE EOF Simpson (L ECA B.E& 1AL (R 3) (BN E I 200
A R R Ak a) A ER AR A 4] Y Shannon-Wiener Z2 £ H8 50 AT Simpson £8 34 18 800 2= 75 48 4k
WK ), DL RS R S TE R R A AU AT i 25 PRI - 8 R R R IR Z2AE  E mT S R AR AL

R3 ITERHANETERSHUENNEENESWER

Table 3 Results of repeated measure analysis on the density and diversity of soil insects

. R F RN RZDE R
A df Density Taxonomic group number Shannon index Simpson index
Sources

F P F P F P F P
5% Habitat 3,20 51.76 <0.001 20.45 <0.001 17.13 <0.001 18.43 <0.001
Z=77 Season 3,20 6.94 0.003 11.31 <0.001 7.29 0.002 4.06 0.023
HBExZET Habitat X Season 9,20 1.43 0.198 2.43 0.020 1.64 0.124 1.81 0.084

34 TERMIE
A 7R i ey ) - B R B Sy X0 H R R SR 7 Y R A A 1 S e i ) > VR R
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Fig. 1 Diversity index of soil insect communities at different degradation phases ( Mean=S.E.)

AR E FREFRRA R A5 ] 22 57 0.3 (P<0.05) , A [Al/INE F R IR W) — AR5 AN R 22715 [ Y 1 35 2 5+ (P<0.05)

F ) > B IR AL ) > JE IR AL B (81 2) o SEit oA g R 2R WOGH B B L% B e A AR AL B Bt (a] T B 25 25
57, RS H R AN AR AL B BB A A 3 25 5, HLEE R AR b ) B 8 H R R % R SR T e ARk
MrBc (2 fig 4)

R4 TEXBTENEENESNER

Table 4 Results of repeated measure analysis on the densities of Diptera and Coleoptera

SR " X# H Diptera B H Coleoptera
Sources P p P p
3% Habitat 3,20 2.13 0.128 33.66 <0.001
Z=45 Season 3,20 3.68 0.031 8.01 0.001
H:5Ex 2577 HabitatxSeason 9,20 1.71 0.107 0.92 0.51

WA, E A2 IR Ty 22 A A A SRR WTRGH H AN R R B A 3 2

WA (R 4) HAHRERTT %

I AT IR 28 AR TR P R ) A 3 5

AT 25 (F=3.28,P<0.05) , M = 2Eqfa) ()i 1Ll

XA RIZERER R A TR 22 52

EF(F=6.08,P<0.01) , ¥4 H % BAE T BRI B B &
Al s B BT DL AR B A 25 8] 40 A S 2= sh 2 (5.
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Fig. 2 Densities of Diptera and Coleoptera at different degradation phases of Zoigé alpine ( Mean+S.E.)

3.5 BB ARE SWENTECR

TR MRS SRS B R i A 5 R ANk 5. 78 13 DEREEA 7 AUCH R A it pH A
LB W TR A W (R 5) , o N AW A S B R L S EAR DG (P<0.01) 5 pH
B+ R AR RS Shannon-Wiener 755 UL K XU# H EE%E%E%@*@?&( P<0.01 8% P<
0.05) ; Wi & f AN 5 149 B Ho 00 34 B 48 KO 2 IE AR G PE (P<0.01) , T A7 R 25 1 0] 5 26 4%, Shannon-
Wiener %50 5% #3 F FL 2 1 52 28 IR A O (P<0.01 5] P<0.05) [ 40 A&k SR e HH 4 48 pH (B0 A4 38 ity
SRR A B R TR o R RN AR T S O 1 in T B R v AR

*5 TEERHRERERFENXER
Table 5 Relationships between soil insects and environmental factors

W A=Y e AR

Belowground biomass/ (g/m?) pH Total P/ (g/kg) Available P/ (mg/g)
H¥V% %5 B Commmunity density (ind./m*) — -0.68(-101.61) ** — _
ZEBEEL Group number — ~0.61(~-1.21) ** _ 0.57(0.16) **
Z Pk Shannon-Wiener index — -0.63(-0.25) ** — 0.49(0.03) **
PEHHEE Simpson index — — 0.79(0.49) ** o
X H % & Diptera density (ind./m?) — ~0.48(-14.43) * — _
H5 F %% Coleoptera density (ind./m?) 0.64(0.01) * * — — 0.39(0.75) *

5 PR EIL R AL, + FR B E MK P<0.05, = FIR P<0.01, SUBKLR .
4 iFig

4.1 ZE R A IR AN g B TR v 2 U 2 AR S

R R ZH A SRR A S 18] S TR AR AL o B e R i T B A AR, 9 R RO 2 Al
Bz A8 (R 2) U HOE BB A e ) 1) S R O B B T E e . A ITFE R I R £ e B
etk 5 L3R B A B UG R BAEASCIFIE R I R % B 5 pH 52 W UG, 7 %€
AR A R A RS R R S AL W R R, EL pHL(EE SRR S DR B e S
IRALRERE A IR, 3 B i HE R FEAR . 7 AR AL Bl , 4 B i A SR A 21 2 S 5K, B AR i
TEREVE T i LEBIITE 69 LLT | ISR E A MR B AE 509% PLE . 1T Morisita-Horn K/ 2 i L3 2
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8 F e AF L SE R AR AT 1M R AR R R 9

LR B P | Sorenson W) =2t A [RI 6 REAG Rk 2 ) | R I 4 ASB AL B B 1] Y Morisita-Horn AR AR X
59, M Sorenson AR AR XTI .

ZREVERS A AR B B B BER A (R RO 1 i i IS AR MR AR ARl 2 R A
IR 3 e FE R Y O R AR B B i R A ) - 49 L Y T BE R 28 Shannon 45 8UHI Simpson fL# B F54L
B /T HEIREB B, R U R T 0 B BRI S R IS 2R . A O R R S i 1
R M AR R B R R Y i S i e pH (3 IR R R 2R I S Y R A B
BElm)  ASCHORITTSS SR & P A3 B 28 BEEORT Shannon $5%05 +3% pH (HE B & AL, S EE B
TEARSC, GEUTE S FE ) A A R G D 34 pH (i MWl & & 5 IR R VA R AR B VT G 2R

XU H AR B B TR AR AR ST b A e, HXUH H o 4 NI AR Bery 2L [ P #4260, T Be
J2 PR 5 R S T L 2 W X, HOE 22K A A58 R S0 H L SR A K R B B TR SR R

O WF5E R B R0H H &l drb 2 R 3Ry s RRE OBy U2 7K S e K A ARSI R
PEXUH H B BB S pH (HE B RS, FEE IR IR EE AN | 1238 pH (2 THey , X 20 30 H
PRI RN, A SCHP ARG BOR R B 2h iy, ang RN g By 4 R de K R S O B R
A AT 5 S R R (R AR SOOI 5T 2R W S R A e A A e L
FHOG(FR5) R H B HRER T ZAEW IR 152 A, 1052 T IEPREE 0520, 75 5 B R A 2 fa) vh A g A 26 |
i B R i S ) AR AR A B B DR R ) ) R R R A AR B B
4.2 EFERAERILXS 4 R ZE T S A R

T e FE R AN AR AL B B+ I B R 8 1 ERFEOR 2 R 34 1 35 0 2 AR Ak (EOR TRl IR A B B ] i) 2
WA, FE A A R R A R ) g L R BRI REECY LA 5 ] i dRcn, 10 H BAk, 5 N SRR
IR A T ShAS AR R TR A (1 30 R U RS REAON L 4 SR, T AE S B A VA P )
IR MR R LKy L HIETE 5 B 9 AR FEMNKRZ | £ 50K FHRANRE , 1l — 2t + 1
B B BAE TS s SR = BAE T FEA SCR RS v R R ) S PR R T AL T
Ffa)  H AL MR o S s AR E AR, T EAHH T b B AR B, Tk o IR AR R W R
I LLZAR A B Bt 1 B s AMAECRAE R D, DL T WA B 1) A2 4k

BT VU R RO RS BRI AR KR e TR AR VR T SRS S EPANRAE BN TAE,
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