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Vertical distributions of soil fauna communities on the eastern slope of

Gongga Mountain

LI Meng, WU Pengfei”, WANG Yong
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Abstract: Gongga Mountain, the third highest mountain in China with an altitude up to 7556 m, is located in the middle of
Hengduan Mountains. In general, annual temperature is around 4 °C and annual precipitation is around 1900 mm in this
region. Moreover, with every 100 m increasing in altitude, temperature decreases about 0.67 “C and precipitation increases
about 68 mm. The changes in temperature, precipitation and other environmental factors, with elevation might have shaped
the varied vegetation types at different altitudes in Gongga Mountain. Temperature and precipitation are also usually
considered as the determinant environmental factors for the diversity and abundance of soil fauna. At present, few studies on
such vertical distributions of soil fauna were reported, especially in China. Therefore, this study aimed to; (1) examine
whether soil fauna communities shift along the elevation gradient in the Gongga Mountain; if occur, (2) whether the shift
(s) is (are) due to the changes in temperature and/or precipitation along the elevation gradient. In this study, four
vegetation types, including evergreen broadleaved forest ( EBF, at an altitude of 1930 m), deciduous broadleaved forest
(DBF, 2343 m) , coniferous and broad-leaved mixed forest (CBF, 2780 m) and dark coniferous forest ( DCF, 3160 m) ,

were selected along the altitude gradient on the eastern slope of Gongga Mountain. Soil fauna in these forests were
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investigated in spring (May) , summer (July) and autumn ( October) in 2012. In total, 347 individuals of soil fauna,
belonging to 10 classes, 29 orders and 68 phyla, were collected. Averaged density of soil fauna community was 19.28 ind./
m’ in the study forests, with Spirobolus as the dominant genus (24.21% of the total individuals) and detritivore and
omnivore fauna as the major functional groups (64.26% and 16.28% of the total community biomass, respectively). Both
the abundance and diversity of soil fauna showed a trend of decrease with increasing altitude, with significant differences in
the density, richness and Shannon-Wiener index of the soil fauna community. The biomass of detritivore and omnivore fauna
also revealed a trend of decrease with increasing altitude, with significant difference in the biomass of detritivore fauna. The
abundance and diversity of soil fauna differed significantly between the DBF and the CBF throughout the three sampling
times. Pearson correlation analysis showed that soil temperature was significantly and positively correlated with the Shannon-
Wiener index, richness, biomass and density of the soil fauna communities, and the same results were also founded to the
biomass of herbivore and omnivore fauna. In contrast, soil moisture was not significantly correlated to any selected parameter
of soil fauna. Based on these results, we concluded that soil fauna community significantly shifted along the altitude gradient
on the eastern slope of Gongga Mountain and the shifts were mainly resulted from the change in soil temperature with

elevation.

Key Words: Vertical vegetation zones; Soil fauna; Diversity; Functional group; Gongga Mountain
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VR A2 %S (U22-001,HOBO Water Temp Pro v2) %22 Wil + 3878 1 4 hid 5% 1 s , BURFERTZE 3 4~ H
TR P B )~ A R 12 ke A SRR SR F ML 23045 HE S KGR B3 RIS 18 NS KR IS4 AE
AL M A B

R1 EMERER
Table 1 Basic information of the study plots

s j 1 2H BY . s , HERE/C SN
HEE ERADAR B wm O e g,
. Main plants . X . Soil X .
Vegetation . Soil type Elevation Position Soil humidity
composition temperature
A‘L»Q\ 1 ﬂ .
2k I AR *jﬁﬁ@ﬁ[(bthoearpus . 102°04.857'E
Evergreen broadleaved cieistocarpus ) , TR 1930 20936.315'N 14.16 a 67 a
forest ( EBF) LR ER ( Quercus engleriana) ’
V& - [iE AR FHE ( Betula msigms ) , 102°02.652'E
Deciduous broadleaved F ”‘Hﬁi(Acer Sflabellatum) FE b 2343 29935 .654'N 11.93 b 208 b
forest ( DBF) SN X ( Populus lasiocarpa) '
TR ZE AR Conif .
FFIRTRESTA Coni efous % M AZ (Picea brachytyla) , o 102°01.550'E
and broad-leaved mixed L EyEsE 2780 , 9.69 ¢ 352b
. A2 (Tsuga chinensis) 29°35.237'N
forest (CBF)
EER AR .
R JE V2 K2 (Abies fabri) .. 101°59.150'E
Dark conif ! W B AR 1 . 192
Ak comtienos #1B% ( Rhododendron spp.) AR AR L 3160 29°34.230'N 7-36d ozb

forest ( DCF)
[ — 1 R [R] E R R 25 5 1 3 (P<0.01)

1.3 Ao

FBECR SRRy AMRBCRE 5 B 10% DL LB N RESERE  19%9—10% 5 08 WREE A2 1% %
IR

BRI ZREE SRAIZSHEEUC R Richness, 75 /M1 B #EY 1) Shannon-Wiener Z2FEPEFEEL H' |, Pielou
Yo AR E LK Simpson (R ETEEL €, BB AT

s

H' == Y pln(p) ; E=H/InS; C= 3, (p)’
i=1

S SRR, PONSS § FhEREMABAERETE B AR I o A e

K H Repeated measures ANOVA Z3 M A [ FE #2818 2 0] (1) 22 5 @ 3 Pk . LSD ¥k (J5 2255 ) 1 Tamhane
(AT #AT 2 H . WA IR IEZS 70 A0 BIE 2R AT log (X+1) 4, A SRATIAS IR A IEZS 434, %
Kruskal-Wallis Test (H) #EATIESHRLE , 315 1835 4 )5 79 H Mann-Whitney U #4728 oA SR A Pearson #f
KEBUM Two-tailed T 35 1 K5 40 X 1 1 2 W) 1 v 5 - 38 U0 32 19 O R i A7 XS 45t AH OC 73 #7 ( Bivariate
correlation analysis) ., 4373 #T ( Principal Component Analysis, PCA) XJAS [Rl A #4714 3 sh W e vk LA H
NENTHATHET . PA A3 HT B AR IR F Microsoft Excel 2010 CANOCO 4.5 LA} SPSS 18.0 5¢ .,

2 HR55%H

2.1 TIESRTE AL

FETL ) AR B HE A 3k H e s 347 HLRJE T 10 4929 H 58 Bl 68 J (i 1), Hob, i &R
( Spirobolus ) FPLHIEHE , 5 BRI Y 24.21%, B85 )& ( Haplotaxis ) . 4 f B} ( Scarabaeidae ) AEME DB
J& (Orsiboe) K AEWS|J& ( Lumbricus ) %5} H WASHE, 20 915 7.49% .5.76% .5.19% F1 4.90% %5 | 3t i B 4k & Y
57.64% , 510 $ e — AN B 5T 1L SR AR A 2SR R I WUR ( Tetramorium ) | 4 Sk B
( Chelonariidae ) M fE8#1- %} ( Rhagionidae ) 45, 3 5 18.16%

THEZ YA T RERE D A e e R MR S M T RE R R W 4 Ry 17.31,4.33 2,49 ¢ FH
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IS I AN A ) 0 S A A R AN [R) Sty (B A7 AE — A 22 5, (B B bR 7% %85 B A A
YR ZT 22 5 B (FE F=19.23,P<0.01 ;L4 H=11.656,P<0.01) , 3 WA [R] AL 9 A7 + 398 sh M R 9 2
213 AR AR Wi AN ] | I bR - S Sl M A v Xk 2 A A i [ A UR

mm 5H =7 =m0

50 70.81 10 s

0r A B B ~ 08
& —~t £
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a
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EBF DBF CBF DCF EBF DBF CBF DCF
HEBE K Vegetation FEM KA Vegetation

E1 TEFVBEMEVENTH(FHEARER)
Fig.1 Dynamics of soil faunal densities and biomass( Mean + SE)
EBF: % Z%[# MK Evergreen broadleaved forest; DBF: J&1 [@IH#k Deciduous broadleaved forest; CBF: % [iR3CHk Coniferous and broad—leaved
mixed forest; DCF: W54l M#K Dark coniferous forest; AN 7R3N 225 B 3% (P<0.05)

R2 IEFMBERBE EVEEENEHFESN

Table 2 Repeated measures ANOVA on the density and biomass of soil fauna

J Sources & ¥ Density A Biomass

F P F P
FE#E T Vegetation 3,40 4.69 0.01 2.62 0.08
A Month 2,40 1.06 0.36 0.96 0.39
B A 43 VegetationxMonth 6,40 0.95 0.47 0.58 0.75

M A W ARG b B PR SRR A /R e B R T S (R 2)  Horh R R AR
12 T HT RETRASARFNE ST AR (F = 4.70, P<0.05) 3 Ho At D) BERF (14 25 )t 76 AN W) AR Bl =2 (8] 0 B 22 1k s 3
(P >0.05), &4 DEZIRERED, (U EHH RIS A DIRERE (H =8.35,P<0.05) F17% M- AR A & 4 )
RERE(H=11.91,P<0.01) A BF A1, HABE B R AI & IHRERF I C R FE T 2R (P > 0.05)

SRS | DK g ] AR ) B B AR 5 v B PR D REAE AR X AR i S e s T e il PR D RE A S
S M E AR B RSN REREC ] B AR (18 3) o STt W 4 SRR DU BV AR X 2R ) R TR VR
I ] bR 5 B RV S PRI A 1 3 25 5 (F =316, P < 0.05) o AN A Wi 8 AL 2l A5 3R T 7E il i bR ] 1 1t K
AR SR DR T A ML ALE I B SR PR D RERE A ML ALZ AR R AR E A PR D RERE
SRR (ERE R 2 2 A AR R 2
2.3 HIESIREE SR

R TRIRE Bl 1) S Sh W RE 7 2R = B B HR AX0M Shannon-Wiener $5 2500 4 1 R[] 185 4 it it 38 v 3%

http ; //www.ecologica.cn



7 1 2 A TUELLZR S MR A SRS W) VR R E 2299
mm 5H ©C=m7H =m0
1.0 0.25 -
J5 ik i ek
08 AB A A 020 -
—t— —P— ——
0.6 b 0.15
0.4 0.10 -~
02t b 0.05 -
E
é EBF DBF CBF DCF 0 EBF DBF CBF DCF
2080 - )
ﬂ?;l 1.33| ARk 030 - p MR
= )
0.25
0.60 —
0.20
0.15
0.04
0.03 0.10
0.02
0.05
0.01
0 -— 0
EBF DBF CBF DCF EBF DBF CBF DCF
HHA A Vegetation
B2 AEEHTSIMELEFENEYE(CFERER)
Fig.2 Biomass of each functional group of soil fauna under different vegetation types( Mean+SE )
BT RE(E 4) JFRA BRI (EEE F=3.26, 100 - e ittt e et
P<0.05 ; Shannon-Wiener $8%¢ F=3.12,P<0.05) (£ 3), %
(RIS ML ERR O B AL (P > 0.05) (%
3) . ZREMERE BN AE AL Bl A SR I e 2R B AR AL RT DL @é 60
i) -3 3 W 1) 22 R (B 52 e 4% S B TR] 1Y 58 4 HE TR g“f 40
BRI =2 3
NI N 5 " - S 20 + ¢ T J
AR SR B e T £ | AB
IR (), One-way ANOVA Z5SRRWDEBE L5 0| —
BAE R G bR (F=3.81,P<0.05) FIREEF bR (F =

8.99,P<0.01) A7 b #2275 25 5 , Shannon-Wiener $5 %X ERF 1%?;%&2 Vegetafiﬁrlj ot
AT RS B35 25 5 (F=3.67,P<0.05) L3 i+ e o o
BRI A (F=9.60, P<0.01) R H L4k (F = o tons oo it
5.44,P<0.05) A W E W25 57, ML) IR EES  dimatic zone (Mean + SE)
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Table 3 Repeated measures ANOVA on density, biomass and diversity of soil fauna
Fri ZHEE Yoy P
eI Sources ar Richness Shannon-Wiener index Pielou index Simpson index
F P F P F P F P

FHHET Vegetation 3,40 3.26 0.04 3.11 0.05 1.23 0.33 0.73 0.54

H 15> Month 2,40 4.06 0.03 3.35 0.05 3.50 0.04 3.18 0.05

TSI ] {53 Vegetationx Month 6,40 1.38 0.25 1.63 0.17 1.11 0.37 1.09 0.38

2.4 IAEERFXF RS o AR R )

Pearson FHI70H7 (3% 4) B, Shannon-Wiener 18 50 S F & &8 BN B A5 + 8RB W38 1EAH G
FEVR 1) S A W S M A B M i A= B R R 5 I S LA G I R T A R S TR O
TR R 5 A SRS TS T PO A TS A TC WA O L AH G o B 4 SR AR R AE - R Sl W A v 0 1 LA

3 TSR BE R AL, 32 ROR - HER B A SE M AR XU

FIF 53 HT (PCA) XA AEBER AL IS W& I HE P45 R s 5 78 3 S b, J i i ik ARcRn &t e TR
AR HET 4l PC 1 A PC 2 IS FT 5 H 03 09 S i bR 5 v i el bR s ST AR A Bk ST 7 A
By (R TR SRS I B b MORE B ST, LA e IR 2 [] 34 T 5, 100 B AS [R) A 43 (1) 1 398 50 W A % &5
EFAWHE 2, HE S BrAL, W PC 1 HERR RS =22 112 B (Spirobolida ) AN H 41 H
(Coleoptera larvae ) , % W PC 2 HE il 69 = 2 Ry /N 5] 25 ( Microdrile oligochaetes ) 1 K #5] 28 ( Megadrile

oligochaetes)
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R4 TEIMBFESREHEXSH

Table 4 Pearson correlation analysis on the relationships between soil fauna and environmental factors

BEVKIE R 544 Elevation +HEIRE Soil temperature +HEIRE Soil humidity
Community index r P r P r P
ZAEPEHREL Diversity index

FARA5HL Shannon—wiener index -0.23 0.06 0.32"* 0.01 0.09 0.47
Y51 BE 85U Pielou index -0.13 0.29 0.20 0.10 0.14 0.25
M B FE %L Simpson index -0.01 0.93 0.04 0.74 0.08 0.49
FE B Richness -0.21 0.07 0.34"* 0.00 0.09 0.46
W Density -0.18 0.13 0.23" 0.05 0.08 0.50
AP Biomass

HETE Community -0.27" 0.02 0.33"* 0.01 0.01 0.92
J& £ Detritivorous -0.33"* 0.01 0.27" 0.02 -0.11 0.37
&M Predatory -0.17 0.16 0.36"* 0.00 -0.05 0.71
Z& 1 Omnivorous -0.06 0.64 0.16 0.18 0.11 0.38
R W14 Herbivorous -0.22 0.06 0.14 0.25 0.00 0.99
AHXT AL )4 Percentage of biomass

JE 1 Detritivorous -0.19 0.11 0.04 0.73 -0.10 0.39
P Predatory 0.12 0.31 0.18 0.14 0.16 0.17
M Omnivorous -0.10 0.39 0.15 0.22 0.05 0.66
ML Herbivorous -0.08 0.53 0.07 0.58 0.17 0.15

# P<0.05, * = P<0.01

3 e

3.1 YRR SRR ORI X R

DU L 2R 35 45 T ELAE AT (] IS IR I A AR A R 22 57, Sk Il AR 528y s i 51 % it
A bR LU 2 AN e HRE A R SR OE A 1 B AR e | LE ] A HR R T I A AU S A
I Lt JE |, Herh B ] S R R o A E R (r=0.44,P<0.05)  SFE DB Sk R B E EA L (r=
0.41,P<0.05) , 534b, ST I AR I + 3 sh ) %) = ZED)RERE N 6 Btk 38 sh W, HoA: Wyt e i S B MR 3 I
MW, AT i S5 H B R IE (AR ) A 55, B A fF 75 2 W17 4 Fh 5 95 40 10 43 i 2 P 1 )
R BRI A T TS o R B TR AR D AR A B 2K TR % A At v AR S A R AT R, AR
WFFE FPAF P HE 75 S TR0y 5 I o] I A T 0 S8 B I, U157 400 %) 0 i ot SR R S 2R W R A, PR e (o 7 B
S A ) R ETREAIR

T F AR G R B, HIRS YRR IS % R A it SRR B ) Shannon-Wiener ZFEPEFE ALY 2
BT R AR, SRR 1L K A LAY - e Sh PR S BERCR AN AR B AR f R A — 351 (E 5K AR X
M 5T 1l 4 4 e sh ) 09 3 BT AR A TR [R] 510 ORI AR DX I P g N TR A2 4libk M 2 ek i
bR AR , H - e S 4 A BRI BRI AR T LA 4k > AR ST L A v L i e e DR - 0
StFE N R, S YRR VIR B L AR Ak S AR AR B A A AR O
32 HEESYRE S R CR

T IEN Y RETE BT A 2SR B B ) Shannon-Wiener ZREVEFS S SIREA WM IEA XX R, 5+
S BE A AR DG AN 2 LR T R R T L L AR A T A B 1 B K B (AR K A AE 1223—2003 mm 2
[)) AT K AN e L BRI - e s A AR AR A3 A, TR A TR L AR B, 5 ) e LR B ) 4
SRS AR LAY B N TR R g S e R B, S S MRV ) R 22 R BE Y AR
BTN R RS TR R S O — A Bk A A R UL TR I L RO SR TR R P R3S
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Fig.5 PCA ordination diagrams of soil fauna communities
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