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Invertebrate diversity in foliar litter of three shrubs in the alpine timberline of
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Abstract ; Invertebrate fauna as the main soil fauna is one of the important biological factors affecting litter decomposition,
which plays an essential role in maintaining material circulation and energy flow of terrestrial ecosystems. Alpine timberline
ecotone is an important transition region of mountain vegetation vertical band with more habitat complexity and species
diversity than the adjacent ecosystems. Temperature fluctuation and freeze — thaw cycle frequency in timberline was
significantly higher than that in coniferous forest, in order to understand the environmental difference in timberline ecotone

on the influence of invertebrate community structure and diversity in the process of litter decomposition, a field experiment
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using litterbag method was carried out at the end of two main periods ( snow cover season and growing season ), the
invertebrate community structure and diversity was studied in the foliar litter of Salix cupularis, Rhododendron lapponicum
and Sorbus rufopilosa, three representative shrubs in the alpine timberline ecotone. The results showed that the invertebrate
community diversity and density of individual and groups varied with the altitude, seasons and litter species, and
invertebrate diversity influenced by seasonal variation was more significant than the altitude and litter species. The
interaction of three factors(altitude, seasons and litter species) affected not only the invertebrate community diversity and
evenness, but also the individual density and group density. At the end of snow cover season, Shannon index H, Pielou
index J and Margalef index D was highest in the coniferous forest, and Simpson index C was highest in the timberline, while
group density and individual density at the end of growing season was significant higher than that of snow cover season. In
general , invertebrate fauna was the most abundant at the end of growing season, and relatively rich in timberline than in
coniferous forest. This means that with increasing of shrub density and litter input quantity, invertebrate diversity is likely to

increase in the future climate change scenarios.

Key Words: invertebrate fauna; alpine ecotone; shrub; foliar litter; snow cover
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Fig.1 Dynamics of daily mean temperature in litter bag in the coniferous forest and timberline within a year
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Table 1 Environmental factor in snow covered season and growing season

URALAE R ; ;
; Y IEFUE (PAT R (NAT
g CTRIREE(ST) WHL(FC) i (PAT) — BUBUR(NAT)
ingi| MR A EE T EWREE(SC) ) Positive Negative
Average . Frequency of
Date Ecotone Snow thickness/cm accumulated accumulated
temperature/ °C freeze-thaw
. temperature temperature
cycle/time
el Bk -2.65 7.21 135.00 1.69 -784.06
Snow covered season IRk -1.89 6.44 270.00 310.63 -391.00
AR Y FRntk 6.46 0.00 37.00 883.44 -15.81
Growing season IRk 8.21 0.00 73.00 1573.31 —-11.00

R2 EHRARBNERSVRPREDLTEENMEFOFLMBEAN

Table 2 Groups and composition of invertebrate community of snow covered season and growing season

I Date EWARD Snow covered season HRKZEAR W Growing season
MREEAZHEHF Ecotone £ MK Coniferous forest ML Timberline EF MK Coniferous forest ML Timberline
ZEHE Group Sc Sr RI Sc Sr RI Sc Sr Rl Sc Sr Rl
HEBERL Onychiuridae 0 2 2 0 1 0 28 41 1 0 0 4
Bk AL Poduridae 0 0 3 5 0 0 84 84 0 12 9 17
KA PR} Entomobryidae 0 0 0 0 0 0 0 0 0 0 0 4
SE R Tsotomidae 0 0 0 0 0 0 0 0 0 3 0 5
HIERL Erythracidae 0 1 0 2 0 0 0 0 0 3 0 1
SRR Pygmephoridae 0 0 0 41 11 0 0 0 20 0 0 49
KR Stigmaeidae 0 0 0 0 0 0 4 1 1 0 0 2
IRJG R, Parholaspididae 0 0 5 0 0 0 2 0 0 1 0 0
LIRL Ameroseiidae 0 3 2 0 11 4 0 0 0 32 1 35
HEER} Veigaiidae 0 0 0 0 0 0 0 0 0 0 2 48
AR Podocinidae 0 0 0 0 0 0 0 0 0 0 2 5
R Parasitidae 0 0 0 0 0 0 0 0 0 0 1 0
J5 5%} Laelapidae 0 1 0 0 0 0 34 12 1 0 0 0
i FH #5578} Liacaridae 0 1 0 0 1 0 3 1 5 6 0 9
KFH R Galumnidae 0 1 0 0 0 0 1 0 0 0 0 1
LR} Oribatuloidae 0 0 1 0 0 0 0 0 0 0 0 0
A AL Carabodidae 0 0 1 0 0 1 0 0 0 0 0 0
i 9B} Nothridae 0 0 0 1 1 2 0 0 0 0 0 0
T IR Palacacaridae 0 0 0 0 0 0 0 0 1 2 0 3
% Bl Lohmannidae 0 0 0 0 0 1 0 0 0 0 0 0
287 Dolichopodidae 0 0 1 0 0 1 0 1 2 0 0 0
PEICR Chironomidae 0 1 0 0 0 0 0 0 0 0 1 0
KA} Tipulidae 0 1 0 0 0 0 0 0 0 0 0 0
Fa# R} Staphilinidae 0 0 1 0 0 0 0 0 0 0 0 0
ZEH R Priliidae 0 0 0 0 0 0 1 0 0 0 0 0
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Fig.4 Seasonal dynamics of invertebrate community diversity of snow covered season and growing season ( Mean + SE, * indicate significant

difference between two seasons, * P < 0.05, * * P < 0.01)

R4 BHRABNERSTARBAENAENSBILEENMESHEN=—EZFTEZSHER(F H)

Table 4 Repeated measures ANOVA of invertebrate diversity of snow covered season and growing season( F)

AN B3R B > BRpr
Sources H J C D ! MS&E i E
In. density Group density
JAVEYIFD Litter Species 4.824" 10.141** 0.896 6.027** 0.491 0.370
R AE Altitude 0.418 0.798 10.545 " 0.358 2.126 4.573*
47 Season 31.779** 3.952 2.656 15.899** 16.481** 89.669 **
V5 V& XV i3
H/ﬁ%%ﬁ @&%E 0.853 5.090 " 5.474" 0.965 5.936"" 4.703*
Litter SpeciesXAltitude
P59 A
H/%%%ﬁxéﬁ 4.569 " 5.515" 3.166 2.915 0.634 1.442
Litter SpeciesXSeason
R xZ275 AltitudeXSeason 6.534" 0.037 30.316 ** 10.868 ** 0.379 4.655*
i}y X O X
W& ORI B BB X E 6.560 " 7.849 " 1.366 2.692 5.660 " 3.545"

Litter SpeciesxAltitudeXSeason
H: FHWREZHFEEAREL Shannon index; J: HJ5EFEEL Pielou index; C: R BEFEEL Simpson index; D:F & FE 48 Margalef index; In. density, T
[A; % P <005, = = P<0.01

PRTE YIRS R RN 221 0 TC B ME S RIS S5 B — B2 (R 4) o RIS FI 6T Z A48 5K
H(P<0 05) .J A1 D(P<0.01) 4 .3 520 M3 A6 BE X € $8%0( P<0.01) FITCEHESh IR E % 1 (P<0.05)

E W 2 2 TR T ME S W) Z AR R H D A A RN B A R 3 5 (P<0.01) , T
%ﬁ%%ﬂ@ﬁiﬁfﬁé@ﬁﬁ?ﬁﬂ%ﬁ%ﬁ‘m B J.C ISR (P<0.05) FIMARR JE (P<0.01) ¥4 B &5 ; 94
TEYIRNE TN 1 38 BAE F X 2R PEFE 5L H R J 520 S 3 5 W 4R006 A 245 i 58 EAE I ZREVER B H .C |
D VI B SRR A 5 ) 5 JR P52 OB FE N 2T 22 5 = AN BT 19 38 BN TCEHE sh i R
HERBER I ZREARECH J A B,
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3.4 JOEMESIY SEIREI TR
DV g LT Pt MR RIAR L LA ¥ - rb DG ME S RV 4540 S5 388 R T RO A SG 0 A 5 2R ANk 5. B
HESHPIRETS ) ZREVESE B H D A>T RIS I B2 24 15 5 05 B2 AN R RO AR e 35 BRE 5%, 15 IE AR ' 3%
IEARSE, 2RV T 5 B AE  SORIRLIEAR G , 5 55 9 R RIR BT R 5%, Z2REPEAR 5 € 5 VR
YRR TEAH DG A AT 45 R U W, 318 58 | 55 BRI VR Rl 0 B 00 23 ok D A8 A4 s 0 A v 45 0 AR 2 A A ) 52
e
£S5 SHRABUERSTRERAENEEEIMSHEESHERFIEXES R

Table 5 Results of the correlation analysis between the climatic factors and invertebrate diversity of snow covered season and growing season

N SRR
" ) c b oty Goup doray
ST 0.550 ** 0.234 -0.017 0.444 " 0.328" 0.797 **
SC -0.560 " -0.217 0.118 -0.439 " —-0.483"" -0.789 "
FC -0.517"" -0.137 0.470"" -0.453"" -0.472"" -0.622""
PAT 0.582*" 0.234 -0.104 0.498 ** 0.354 " 0.812"*
NAT 0.457"" 0.216 0.131 0.319 0.409 " 0.714**

# % 7E 0.01 ZKF BB EHIE; + 7F 0.05 /KPS

4 itig

TEATERRUEE L AU 20T 75 0 04 7 ke 32 S VR D, 38 R 88 i D\ Ay 2 52 ey U1 9 400 7 e 2 2 9 U Ak
DA YR P Py o e R SR PRI Rl 1 — B R AR 50 R B, A N 7 4 T T LA R 4
BRYA & D150 i R 1Y 60%—T70% , 53911 30%—40% EBIEAE Y F R MVER o N ABRICE M 3h P % I8 %
W53 00 TR, A0 SR HERR TCHE S RS0, U8 5 0 7 e T30 B0 S AR 359% 2 JRIVE o L3 A 4
HEE YRR AN AR it 117 -E 3 A 1 (7 Sl % U 9 0 1 - L AR HEAR T . T M Sh A T 25 K R 2 R 32 5
S BRI JRAVE IR B NI SR 2R RIS A B 1Y e L AR AR RARZR ¢ TR A FE A
MBI IR T R BE IR R S5 A 122 5 DL . (R, B0k b BE L U MESh I v 45 1
FIZARTERY 22 5, JUHR A TO A Sh W RE TS S5 A R AR A S i e o 35, A KRR JE A A 3h )
AVREEFE RS 2 RSB H D B TR, 3 5 H BAAT I 5 45 5272 | 5 David Al
Gillon"**' 55 wang' ' A Ay I M2 B FTC 5 A S ) 2 R M B DDA DG I IS0 485 SR — B0, 13— DR S T Z 15 78 Ak i A
() ULIEE S5 B A5 IRBE IR 500 25 TC Mk Sl R0 2H B B 2200 SR S R TC A ik S W TR Sk
ZAEPER D MR 202 A 1 g T S 5 JE S M S W i A A A IV e L DX A R R AR
T AR AN O™ 2 T IS HES P By, S BOUH S P R R 32 I B A A 8 AR IR AR
IR VRES T AT 3543 B IR A5 AT R A S ol 5™ B = 1 SO M sh i LASRCEE . SR, S5 iR I
T HESH Y ECEAT 5 BB 15.5% , BAWIEA TR B IR 0E T AT 58 23 I MBS (14 D0 A Sh 49 A A7
WS PEREAE AR R M , 0 R IR s AR TC A ME S W T I S 08 A B 2R R R 3 1Tt [
I, AR KRR B M A I E RS, SR Wis P RS Bl S W B A E i R B A K
AW TEYPAR O TSP A AE VAT AL T RAF I YoRIE D

AR 22 52 S BUCHHESh Y T A B RASE K AE A, ok ies LU AR R FIAREZR L G MESh ) A1k MR A
HESE , AHTTERB, WA A v ) b G HESh ) DB R R € RIS BE R R R 2, T IR
ARAF B AR BRI BT AR A R B RN 3R AT B MR 2 (BRI e AR LT 2 T
(F2) e BAIE T AR SCH I B BRI A E R BE S WA A8 43 PR3 AN i DL R A
[G] , ERR A S 22 5 R, AN 20 F AR AT Ak e B, )3 B (S0 BRAEARER L, mT e PR g Ll bR Ak
TR FENF AR A AT b ARG Ao P B HE R ) A S BRI TR A T B A, &

http ; //www.ecologica.cn



10 A E = 36 &

BORAAZFEIX B0E00 I IE |55 0 RS PR A PR 58 7 AR AR I 28 5 | 1 S8 A8 A ) TG A 3l 0 14 £ ) DA
LR IR A AR B R, T B sl B A TG HESh U v, MG 5 R0 HE Sl M A v 240 i 22 R
RAT WAL A iR 5 R R VAR M DX, 35 R R S 2 s o A A o i 1 A TR AR Y
M3 Templer 55 BHF5E 4 B, 5 FEIAL 7 I i bR A 2525 0l 52 8 Ul /D RIS 82 6 TR) 47 6, AR AU 17 AR bA b T )45 1
S EEERM 2 AR O TR A AL I, AR R A SR AF R, B IR T, A T TA ML B -
B0 i LA 2 JR G TCH M Sh W REVE 2 A 3l R A OIS, VT R A e €l |t R AT A o ) pRE 34 B
Ay A= A5 11 AP TR A 2 26l i LA A R R AR

A& RN BT S S MR G HE Sl P 1 B A RIS REZE R ANBES R I, Wb U v i b e
HESH ZAEPEAR 2L H . J A D 520 0 3, = FPE ARV b OB HE Sl AR DL L AL RS e 2, 20 B AEMIR
Z e o K ABRE A R RE D B 5 R RN B Rt A v LLORE RS R b R
REWORE ORISR A MR AU BRI BRAE LB AR R i i ey 2R RS Y BORM BT s LA v
M AR R, T AR L v b e 2 B R G MES Y, Al REJE J0H ME S T B F19
SR RIRTEIG U o 7 2200 T2t AR W], 2 IR HAORR BE IR WIS P A 52 .l = DR 1 ) 32 B0 o AfE 3l
WIS MR 5 SRR AR Ry W38 R, EL 2 AT A L A0 S8 A R S el 2, 0 B 1 X 25 Vg 4
A PRIE D] T R R R BE AN [) 08 S [ P8 9 M R S OS2 R AT 22 57, =S IR 75 1 OGS S sl W e o 45 4 i Al
SR, P T LA A X g A R 1 W) 7 e Ay R A AR I T AR EOMR Lk A LA K T N A 2 Y
JInES DT 0 8 R S R T R S O T ME Sh W RETE 1 A A RS R R R AR A
VR I TR R AT D 2 PR 2B R A5 T R B THE A 1% 1 T R R 7 i A BB DR TR A, TRD AR, ROR A
K A I ME Sl 0 X U e 0 ik 140 P D 2, D HE R v 8 M X ) A 28 A T U 9 40 e i ) 52 WD f B Sy S
T B R 1 2 AR IR A TH 5 | JCE S 0 R V& 0 o ik 0 1 PR Y e B B B s 7 4 4
figp RO LA 128 B RETIAC IV 122 3t £ v DA ME S 0T 1R 9 0 0 ) STk

£ 2% Lk ( References) :

[ 1] Swift MJ, Heal O W, Anderson J] M. Decomposition in Terrestrial Ecosystems. Oxford; Blackwell Scientific Publications, 1979.

[ 2] WangSJ, Ruan H H, Wang B. Effects of soil microarthropods on plant litter decomposition across an elevation gradient in the Wuyi Mountains. Soil

Biology and Biochemistry, 2009, 41(5): 891-897.

] Donoso D A, Johnston M K, Kaspari M. Trees as templates for tropical litter arthropod diversity. Oecologia, 2010, 164(1) . 201-211.

] Gavazov K S. Dynamics of alpine plant litter decomposition in a changing climate. Plant and Soil, 2010, 337(1/2) : 19-32.

[5] ¥, scdede, skid, BoTsh, X0, FEEE, SRR IR B s S 2 Retk. A4, 2010, 21(1) : 181-190.

1 B, RARE, 08 A EYREE] T S URTT e AZ IR R i B R B DK A AR AR, 2011, 35(11) ¢ 1127-1135.
1 B, R, orh, N PG AR A T 0 ) L S S X LU ME P TR I PR B SRR, BT AE SRR, 2012, 23(2)

301-306.

[8] ¥, RfEL, B, &, HEE, ERIVEE /& LA T L S YREE 2 R0 B H X ZE 1 MR . A 2 etk
2012, 20(2) : 215-223.

(9] XHile, Z4ER, T8, WM, TICH, Rk, RAEE. TIESYXE) PR L/ 8 L ARARI e o i ok, 1o AR 2574k, 2013,
24(12) ; 3354-3360.

[10] WuPF, Liu XL, Liu SR, Wang ] X, Wang Y. Composition and spatio-temporal variation of soil microarthropods in the biodiversity hotspot of
northern Hengduan Mountains, China. European Journal of Soil Biology, 2014, 62: 30-38.

[11] Holtmeier F K. Ecological aspects of climatically caused timberline fluctuations // Benist M, ed. Mountain Environments in Changing Climates.
Routledge. New York: London, 1994, 220-233.

[12] AEEAL, 230t Ea8, XI6R. PIEMETE S AR A SRR R Z B R, A28k, 2000, 20(3) : 384-389.

[13]) X0, akd, #7780 i 10 A 8 2R AR A S A BIF St JiE . AR 2R, 2009, 17(1) - 88-96.

[14] HREIE, PREAE, XBRE, B8, sk, X0 Sa) v m iLARZe se st simh s By 95 W0 o 5 L s 2 M. ARSI,
2015, 26(3) : 723-731.

[15] Walther G R, BeiBner S, Burga C A. Trends in the upward shift of alpine plants. Journal of Vegetation Science, 2005, 16(5) ; 541-548.

http ; //www.ecologica.cn



17 1 TR EEAT 174 oG L PR = hIE A v - ik b ) DG AE S ) 2 R 11

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

Klasner F L, Fagre D B. A half century of change in alpine treeline patterns at Glacier National Park, Montana, U.S.A. Arctic, Antarctic, and
Alpine Research, 2002, 34(1) . 49-56.
Wardle D A, Yeates G W, Barker G M, Bonner K 1. The influence of plant litter diversity on decomposer abundance and diversity. Soil Biology and
Biochemistry, 2006, 38(5) : 1052-1062.
T, WIREE, LHLOY, TRIZ, IMivik, RAE, R, Kk, BE BRES, R, BER, EikeE, i, BB skEDR,
KRKHE, BR2E, Jokse, Wdol, 28, W, EFMA, PRE S, B, BoeeR, TKIR, XIZEMs, #iel, s, ¥ T4, IR
hE S R IF 2. JEa. BleE iR, 1998.
Aerts R. The freezer defrosting: global warming and litter decomposition rates in cold biomes. Journal of Ecology, 2006, 94(4) . 713-724.
Parton W, Silver W L, Burke I C, Grassens L, Harmon M E, Currie W S, King J Y, Adair E C, Brandt L A, Hart S C, Fasth B. Global-scale
similarities in nitrogen release patterns during long-term decomposition. Science, 2007, 315(5810) : 361-364.
Garcia-Palacios P, Maestre F' T, Kattge J, Wall D H. Climate and litter quality differently modulate the effects of soil fauna on litter decomposition
across biomes. Ecology Letters, 2013, 16(8) : 1045-1053.
Maharning A R, Mills A A A, Adl S M. Soil community changes during secondary succession to naturalized grasslands. Applied Soil Ecology,
2009, 41(2): 137-147.
Tan B, Wu F Z, Yang W Q, Liu L, Yu S. Characteristics of soil animal community in the subalpine/alpine forests of western Sichuan during onset
of freezing. Acta Ecologica Sinica, 2010, 30(2) : 93-99.
David J F, Gillon D. Combined effects of elevated temperatures and reduced leaf litter quality on the life-history parameters of a saprophagous
macroarthropod. Global Change Biology, 2009, 15(1) . 156-165.
Wall D H, Bradford M A, John M G S T, Trofymow J A, Behan-Pelletier V, Bignell D E, Dangerfield ] M, Parton W J, Rusek J, Voigt W,
Wolters V, Gardel H Z, Ayuke F O, Bashford R, Beljakova O I, Bohlen P J, Brauman A, Flemming S, Henschel J R, Johnson D L, Jones T H,
Kovarova M, Kranabetter ] M, Kutny L, Lin K C, Maryati M, Masse D, Pokarzhevskii A, Rahman H, Sabara M G, Salamon J A, Swift M J,
Varela A, Vasconcelos H L, White D, Zou X M. Global decomposition experiment shows soil animal impacts on decomposition are climate-
dependent. Global Change Biology, 2008, 14(11) : 2661-2677.
Wu F Z, Yang W Q, Zhang J, Deng R J. Litter decomposition in two subalpine forests during the freeze-thaw season. Acta Oecologica, 2010, 36
(1): 135-140.
EARA, kA, RPN, RIEPRS AR IS IR RO, e, 2002, 39(6) ; 892-897.
Briones M J I, Ostle N J, McNamara N P, Poskitt J. Functional shifts of grassland soil communities in response to soil warming. Soil Biology and
Biochemistry, 2009, 41(2) . 315-322.
Campbell J L, Mitchell M J, Groffman P M, Christenson L M, Hardy J P. Winter in northeastern North America: a critical period for ecological
processes. Frontiers in Ecology and the Environment, 2005, 3(6) : 314-322.
XU, sk, B, S, RIREE, SRARE. T9BOR UARSS L ZRAR- 5 RS A 1 e 9 2 W ki RORI AT s SR A W B Y 2=
A, HPWESYIR, 2012, 36(5) : 382-392.
A, BRF 5. /NSNS LLAA ] RS HR 2SS IRV BT 5. Molk B, 2005, 41(2) : 204-209.
Gongalsky K B, Persson T, Pokarzhevskii A D. Effects of soil temperature and moisture on the feeding activity of soil animals as determined by the
bait-lamina test. Applied Soil Ecology, 2008, 39(1) : 84-90.
Baptist ', Yoccoz N G, Choler P. Direct and indirect control by snow cover over decomposition in alpine tundra along a snowmelt gradient. Plant
and Soil, 2010, 328(1/2): 397-410.
Templer P H, Schiller A F, Fuller N W, Socci A M, Campbell J L, Drake J E, Kunz T H. Impact of a reduced winter snowpack on litter arthropod
abundance and diversity in a northern hardwood forest ecosystem. Biology and Fertility of Soils, 2012, 48(4) . 413-424.

IPCC. Climate Change 2007: the physical science basis // Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge University Press, 2007.
Klanderud K, Totland §. Simulated climate change altered dominance hierarchies and diversity of an alpine biodiversity hotspot. Ecology, 2005, 86
(8): 2047-2054.
Siemann E, Tilman D, Haarstad J, Ritchie M. Experimental tests of the dependence of arthropod diversity on plant diversity. The American
Naturalist, 1998, 152(5) : 738-750.
WREEE, 478, PMIL. 5 LA X A BRI AR IR AR AR ek S . N S BRBEAE 2T, 2011, 17(3) ¢ 435-446.

http ; //www.ecologica.cn



