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Abstract: Mountains are hotspots for biodiversity research because they harbor high number of species and cover a wide
range of abiotic factors along altitudes. Compared with above-ground plants and animals, soil animal communities along
altitudinal gradients have been little studied. Collembola are among the most abundant soil invertebrates contributing to
essential ecosystem functions such as decomposition processes. We used Collembola as model soil animals and analyzed
changes in their community structure in litter and soil of forests along a gradient ranging from 800 to 1700 m at the Changbai
Mountain. Further, changes in four taxonomic diversity indexes ( richness index, evenness index, Shannon-Wiener index,
and Simpson diversity index) and four functional diversity indexes (functional richness index, functional evenness index,
Rao’s quadratic index, and functional divergence index) were studied. A total of 5,542 Collembola individuals, belonging
to 12 families, 42 genera, and 83 species were sampled, with Isotomidae being most dominant ( > 50% of total
individuals) . Non-metric multidimensional scaling showed that Collembola community composition varied in both litter and
soil. Species of Entomobryidae, Tomoceridae, and Neanuridae mostly colonized the litter layer, whereas Onychiuridae
mostly colonized the soil. We used linear and quadratic regression models to explore altitudinal patterns in Collembola
diversity. In litter, the richness, Shannon-Wiener diversity index and Simpson diversity index significantly positively
correlated with altitude. By contrast, in soil, the taxonomic diversity indexes did not change significantly with altitude. For
functional diversity, in litter functional richness index and Rao’s quadratic index followed a hump-shaped pattern along the
altitudinal gradient. In soil the functional richness index also showed the same trend, but other functional diversity indexes
did not change in a consistent way with altitude. Overall, the results highlight that it is crucial to consider the vertical
distribution of soil animals in litter and soil, and use multiple dimensions including taxonomic and functional diversity

measures for understanding changes in diversity patterns of soil fauna along altitudinal gradients.

Key Words: soil animals; Collembola; temperate zone; functional diversity; altitude; distribution pattern
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Table 1 Climate and vegetation characteristics at the sampling sites along Changbai Mountain
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N AR /N4 N7 I E g1
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AR W R LIRSS AR AN GV N3 - N Py AN R LY PN 1 91
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Table 2 Collembola traits, scores used in the study and their potential functions

RN TE X T AH A2 IIRE 275 3k
Trait Definition Score Function References
&K Body size >3 mm 4 SRR JHAE ST A AR BRI 2 [13]
2—3 mm 3 HABREFHIEA %
1—2 mm 2
0—1 mm 1
&5 Pigmentation A G, AL 4 SE VI DIE AL VIE =l R EZEPS [13, 20]
A EICHLI 2
S 0
HiAE Furca R 4 S T TBORE ) AR A G [13, 34]
A HAR A, 2
7 0
HRIE Ommatidia 7+7—8+8 4 4 AT BEA BT S T s e B, ATk [20]
5+5—6+6 1~ 3
3+3—4+4 4> 2
1+1—2+2 14> 1
%} Scales HTE 4 TR B2 R RVE S VR TE I B ke [13, 35]
7 0
HZ AL S SRR 1V Rk 4 S HEE TH AL BOFE R () LB A7 R [13, 36]
Abdominal modifications ¥ /4l & 2
SEEEE(HP) 0
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YIRh ZAEVERE B R TP S W AP B Richness 32508 7 7 J2 A0 133 2 Bkt = 6 B2 5 SR Pielou 95

BHCRAE IR &Y 2 N 35 )2 Bk BORE VR U IR 0 B Y S AR B 36T Shannon-Weiner 8 450U Simpson 8 £ #T
TATEY)ZE A 2 Bk R e . 2R TR A B BIE T “ vegan " A H Y “ diversity” FT“ plyr” TIHESE AN,
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NREZHENE . TR R DI REZ FEEFR RO X IR PR AT A 20 28 (WL 2) o T ey Sh e MR s
VEFHIRE & B DIRe I &) B T Re B R 3 AR 4 N R PR R RIERF R DI Re 2 HEME, Dife W
(functional richness , FRic ) 4§ B2 8 W) AERE 7 0 BT o 05 19 D RE AR 2507 19 RIS R B 1 0] AR 285 2 1] 1) ) FH

http ; //www.ecologica.cn



94 R S KA IIARMAES RS YR T SR R RIS REZ AR X SR BE A i 3475

BE . DIRESA ST BE e BUR T8 FE V& AP G DI REMEIR 240 B9 B8 50 R BE AR BINA SCss IR B R I 00 . D i B Bl
(functional dlvergence)ﬁif}rﬂTgf?%kIjJﬁE@’U(E/‘J}jfj@r'%%,Eﬁ?ﬂ"]’%%ﬁi@%Qiﬁ%ﬁmﬁﬁiﬂ@ﬁ{tﬂigﬁ
ok, AR SCHEFH U Rao’s Q 45507 MIHAEBSHE FEiv 5%, KM “FD” i 4 bdFD” B8 H 32 VR K - 14
IR ZHETR 5.

K LA RN Z 3k AR AN [ A8 SO BE 0281k BT A AT A K34 7E R 4.0.4 R
b sE

3 ZBRE5S

3.1 JAIEYE RN 12 Bk R R AL

AR AE B 5542 3k SRIE T 12 B 42 J8 83 Ff, AR W Z R AEBL L 4932 3k SRJE T 12 B 78 F,
TR RAE 610 3k, E T 10 Bl 43 Bl MR Y Z PR 4= & R B T R IEE . W BRI R b
SRAE SN, YE D E PR R S T RE , RIRE YRR IS A LT AR OB AR UCRAERRIUR IR X
BBk TS (BASR 2) o BET R SOKE VE 92 M 82 R RIBHE AU 7 i EL B TR (L 1) o FEJR TS
Y2, SRR I £ (50.69% ) , B BER AL HEK A KL (14.66% ) 5 5 WM ERFABKEL(9.83%) BBk
FH(9.412%) Bk L (5.40%)  PEBE B (3.86%) . H U5 SR (2.00%) | 49 B BEBL (1.50% ) . V7 Bk 15 Bk B
(1.34%) ;W F BN P B BERE(0.63%) .~ KIEIBEE(0.37%) F1 57 05 Bk R (0.32%) . 1F 482, 559 Bk R}
(54.10% ) FIEREEEL (26.89% ) fe % , L AR LALFEER A BEEL(10.98% ) 5 5 WASHE N K A BERH(3.93%) @k
BH(1.31%) FPEBER(1.15% ) s #2014 R BE R} (0.66% ) R RIFEIBEEL(0.66% ) 44 IR BB (0.16% ) F1
A5 EFRH0.16%) o

60
0 HEMR

50 0 3=

40t
30t

20 F

HEREZEESL
Relative abundance in each family/%

f

Teo TL T FL FTY OFTY OFY OFL AL FY OEL oz
Ss 53 53 52 52 £ £ £ £z €5 53 5=
BE ®mE 8Z =E BE BEL B|= ®|= BE ®E B|E BRE
£E €F €: ®Z %3 BZ =T =HZ =23 =25 =35 =HE
32 AKE ® g 2 g § mME RE EB§ BE k2 K=
) 1) ) = S Z < ] £ 5 g 4

2 g o = o) 3 £ a g

m ’:E\ m < o

E1 KELAEYEMLERARRMBRSS2ENESET
Fig.1 Relaive abundance of Collembola families ( % of total) in litter and soil at Changbai Mountain
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Fig.2 Non-metric multidimensional scaling (NMDS) of Collembola communities in litter and soil at Changbai Mountain

3.3 AR E R R Bk s A 2 R BN AR S A A% S

w3 Frs  EREY ) Bk YR B S (R =0.341, P<0.001) , Shannon-Weiner 2 #f P8 %k
(R*=0.494,P<0.001) 1 Simpson ZFEVEFEH(R* =0.373, P<0.001 ) Fifi 15 45 6 5 (1) A8 1k 52 30 I 25 B30 84 o
#, BkAY Pielou ¥5]EEHE (R =0.020, P =0.276) W 4R 16 B AR AL 3R I < U™ B G #4 ) e v [B) Vg 4R 48 H0(E
AR, AR S BRAE PR 1250 m, STRIEWZAH L, 1352 Bkt 59 W Fh 22 B 8 B0 1 00 1 A8 Ak i S BE
R (AR 2 (P>0.05) .
3.4 JAVEWER )R B R Yy Re 2R EOEIR S i R

W 4 Fs TER TSP BB i DB F & BEFE 2L (R® = 0.406, P<0.001) ,Rao’s Q 8% (R*=0.322,P=
0.002 ) Bifi Vi34 6 32 1 722 Ak 52 L PRLIGE S5 A % Jry WAL 53 AT 7R 58 X 9 Hh E] V4R 1100—1400 m, Bk AL DI REI )
FEFRBOM T e 25 HURE T BB T 45000 0 AR Ak 2 B pa i 3 (AR 3 e 102 Bk iy Dl e - ' BE R 4L
Wit T A ) 72 A 2 PR BRI A3 AR A% JR) (R® = 0.317, P = 0.038) , WA {1 43 A5 76 BF 5% IX 1 v (] HE 4K 1100—1250 m,
HoAth Dy RE 22 B A5 B T AR 0 B2 1 728 A B 2 B0 A3 A A Sy (HIAAS Wi 25

4 itig

4.1 JHTEY)E R0 B s 2 A AR A
AHFFE IR AR B 0L 5542 3k SRR T 12 Bl 42 J& 83 Fi, S W) 2 W B FIE B B TR e

http ; //www.ecologica.cn



94 R S KA IIARMAES RS YR T SR R RIS REZ AR X SR BE A i 3477

WHEME T2
30T R=0341 : : : L ‘ R2=10.143
» 25F P<0.001 . . . ! ° P =0.793
2 20t . . s
—8 3 ° ° °
25t ot . RE L :'
jﬁ 10 | L] L] L] .
’}:.E 5 . f L] . : o L]
ok ; . . . . . , 0. ; . . . : .
800 950 1100 1250 1400 1550 1700 800 950 1100 1250 1400 1550 1700
1.0 }
oy ¢ . 10f : . .
mE 09| i . * b o8t : : -
i g . . '
T E 08t - . 0.6 .« 8
' ’ - ® . 0.4
= A H :
_Q = 0.7 ¢ ° .
2 R2=0.020 02}  R2=0.029
& E 06k . P =0.276 ol P =063
800 950 1100 1250 1400 1550 1700 800 950 1100 1250 1400 1550 1700
°
&5 30¢ . ¢
20}
%‘E 25 . i : H . : : e . : 3
g E 20 [ . . 15 ': : = ° ry
885 - //
EE 15t : * 10 R
Eg 103 .
E% gs5l° R2=0.494 057 R2=0.005
T P <0.001 P=0.286
©“ 0L . : ) . . . 0t (] . . . L .
800 950 1100 1250 1400 1550 1700 800 950 1100 1250 1400 1550 1700
ol 10} .
' . [ ] . [ e
§5 08¢ : . - - 08r R IR _ .
£ < 0.6 F ° . &
T2 06fyg : .
2 9 .
22 04} 0.4
£ E ) .
N 02 F R*=0.373 02+ R2=0.005
0te . . . . P<0]001 . 0. . . P=0929 . .
800 950 1100 1250 1400 1550 1700 800 950 1100 1250 1400 1550 1700
#§4% Elevation/m

B3 KEWEZREMTRERRMHSEERRSREENEL

Fig.3 Changes in taxonomic diversity indexes of Collembola communities in litter and soil with altitude at Changbai Mountain
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Fig.4 Changes in functional diversity indexes of Collembola communities in litter and soil with altitude at Changbai Mountain
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Appendix 1 Non-metric multidimensional scaling (NMDS) of Collembola communities in litter and soil at Changbai Mountain
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Appendix 2 Species accumulation curves of Collembola communities in litter and soil at Changbai Mountain
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