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Table 1. Characteristics of studied trails

Parcel number

Skid trails Esligggel; g:]);n Trail;fnl)e ngth Dli;tmﬁ:t Series name
New oid
5-year trail 1567 m 404 m Haftkhal 2 Mouzisa 4 9 9
10-year trail 1418 m 663 m 7 2 4 69
15-year trail 1400 m 644 m 7 2 9 73
20-year trail 1160 m 403 m 7 5 42 51
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Table 2- The abundance (total number of individuals) and total biomass (g m™) and also
the percentage of each taxon in all quadrates
Macrofauna taxa Abundance Biomass
N. Percent gm> Percent

Millipedes (Diplopoda) 342 35.8 95.9 18.5
Snails and slugs (Gastropoda) 163 17.1 133.4 25.7
Ants (Formicidae) 96 10 29 0.6
Earth worms (Lumbricidae) 89 9.3 191.1 36.8
Centipedes (Chilopoda) 86 9 26.5 5.1
Coleoptera (Beetles) 68 7.1 5.8 1.1
Woodlice (Isopoda) 64 6.7 27.6 53
Spiders (Aenea) 32 3.3 10.1 2
Other taxa 16 1.7 25.4 4.9
Total 956 100 518.7 100
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Fig. 1- Number of identified species in each taxon of quadrates
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Table 3- Mean comparison of total biomass, density, number of taxa and abundance of
macrofauna among skid trails with different age

S-year trail 10-year trail 15-year trail 20-year trail
Total biomass 7.63+27" 1131419 89.11 438" 1228 436"
Density 5208 £11.7° 22292 +32.7° 91.67£13.0° 101.39 £19.5°
Number of taxa 5.0141.1° 9.11 +0.7° 722409 % 8.67£1.0°
Abundance 8.1142.0° 353352° 14.67 £2.1 % 19.3324.0°

s Means with similar letters in each row, have no statistical significant difference (P<0.05, Duncan)
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Table 4- Mean comparison of total biomass, density, number of taxa and abundance of macrofauna between
different trails with their adjacent control forest

5-year trail 10-year trail 15-year trail 20-year trail
Control trail Control trail Control trail Control trail
Total biomass 11.9+0.7 % 7.642.7"% 139+1.7° 113+1.9*° 129+2.7% 119+38° 13.6439° 123436
Density 20422235%  521%117°  1313#452%  2229#327%  1792#516° 917+13.0°  187.7#413°  101.4%195°
Number of taxa 153409 " 52#1.1° 100432° 93+09" 100412 8.0+1.1% 103409 % 8.8+1.0"
Abundance 320+38° 8.1+18° 20.7 #6.9° 353#5.1° 323#113% 147+2.1° 320+7.1° 193+4.0°

* Means with similar letters in each row, have no statistical significant difference
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Fig. 2- Mean comparison of total biomass of macrofauna among different traffic levels and control forest
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Fig. 5- Mean comparison of abundance of macrofauna among different traffic levels and control forest
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Table 5- Mean comparison of Margalef’s richness, Shannon’s biodiversity and Simpson’s dominance indices
among trails with different age

Indices S-year trail 10-year trail 15-year trail 20-year trail Control forests
Shannon’s biodiversity 123203 ° 1.70£0.1 172402 1.8620.1 2.05£0.1°
Margalef’s richness 1.84£0.4° 24202 % 247£03 2.66£0.2 3.23:03°
Simpson’s dominance 0.43£0.11° 0.27+0.03 *° 0.25£0.05 " 0.20£0.02° 0.18£0.03"

* Means with similar letters in each row, have no statistical significant difference

S (P=2/2Ye F= Y0F) sls 0L aglie 3550 slajles o 53 bl OOl 05l g0 Lasls sl

b s Ol 350 SIS sl sl el o3 dals o OF iy 5 Wl O e sy bsipo OF Jis 508
5l K s 50 e opl ke o miy oS (P=0/0 Y0 F= Y/PAA) sl 0L Sls poe OMet] dals 1Ko
F
ok adalie dals Ko 53 O (p 508 5 e 0 e 3 S0k s o 2l bapasls le GBI (P=2/oYY

NG|

YIAYA) sls OLES 1, (guls pme BVl 30 O gen S (astlE A sdalie Al O e 5o RAS

O3 anslie 550 J.AL&Ji}}Jf...L{-LJ dwlore W e e glass 5 gl p 05 aas ¢ ool
S (P=+/4V4 F=Y/PAY) sls OLLS anglie 5550 slajled s 52 ol G| oarls ol aslie (P IS8) @3 S

sl 03 4 ML&:J@QTL',.:M}VSMJJ“{L):';‘ Ol SRS

YYY



(F1=110) ATAY Jlo (¥ ojlad & Al ol pim Dlidios panass aslilia

Shannon's H index
(M)
L

High Medium Low Control
Traffic intensity

Wals Ko 5 b s e (slass 5 53 05U g5 aS L )bl amlis —F IS

Fig. 6- Statistical comparison of Shannon’s biodiversity index among different traffic levels and control forest
o aslie (Y SE) s aslie UK L dals K 5 b s Cilises slans 5 5s 0 ISl gl e ls
i 5 ¢S 335 52 Slds oy 508 e 5L S P=+/2\\ F=¥/T\V) sls oLid Lol s 5o olel s oela

NG| 03 g dals Ji? BE Qi

3.2 1
2.4 A

1.6

Margalef index

0.8 1

High Low Control

Traffic intensity
dals K 5 e glass s Al s Lasli bl awlie -V S
Fig. 7- Statistical comparison of Margalef’s richness index among different traffic levels and control forest
3 wfjtf DMae o i Wl (P=2/0 8 F= Y/944) sl ol | Gl ome BN O g Cde el

(A JS8) ws o dals Ko 53 0T 568 5 Al 0 e

1 .
0.8
3 061
o
S a
£
£ 044
e a
a
0.2 4 7/
. - %
High Medium Control

Traffic intensity

dals Ko 5 cilies 6lass 5 3 O gt Cod il 6 bl A lis —A S

Fig. 8- Statistical comparison of Simpson’s dominance index among different traffic levels and control forest

\YY



S dﬁj;bcal?)bbjﬂ) h;wg.vja; QJA)'\)AQU.ﬂ D‘)M}A‘}J}S;

o3l3 Shled 4 IS 53 s e a5 dald (gla S 3 L;JJTCQ Loy Sl Gladss 7 e S 5
ol 0l

100 7 | Detritivores
@ Omnivores

@3 Predators

= Phytophages
9 0 Phytophag
8 55.0

c

©

T°

c

3

o

g

© 32,0

s

i

,..
'
o

b

o
et

] ¢

b

—
i

b
o

i
i

S

b

s

e
b
—

,,,.
o

b

,.,.,.
e
it
&
o
e

b

—
b

s

k3
o

b
b

i

.,,,.
%
432
B
bk

e
b
pes

B
o

5-year 10-year 15-year 20-year Control
Skid trails

b s Ol O 985 Sbe lasdis C,.h.w Sl -4 Ji..«
Fig. 9- The abundance of macrofauna trophic levels among skid trails
Core jfz'b &_ﬁjla )‘ ] Dl{) )L:w.v Jl 0 B B ﬁ)&.}: Qjﬁ Lf'\}‘./ﬁ J_’,J:Lfa odalia AQULQ
) j.:.w.ajl J.:; Q\)b}-alﬁfﬁ be}ﬁgw [GISEIN S e 6‘41-1*3 C)Ja...e ﬁLw )\ U:“ﬁ’ Laﬁmﬁ d.:lsjs Ob‘)’"ﬁ)ﬁlf
el dals [ Ll s s s s 3 s en s lsl 4 s, Al Yo

Eow

S L SV il 5 03,8 55 ala das e ) (ondan ST 3 68 age Sl slatl b Ll e sby SLe
5 S el J xS Esl s els 513 30 cod 1 0LLS s LB obe a5 JT sl 055 S
Cole et al., 2006; ) L5 S o silwalY 5 (ilwes b (g e slac s b s s kel A M L 5 sl
Theenhaus & ) 3,5 o 513 JKr o e LU o luds OUT 5 Sles 5 skl el (Laossi er al., 2008
PR P PV PV JK,> 0355 Cu e IS, sbas (Schaefer, 1995; Morén-Rios & Huerta-Lwanga, 2006
OB St o 1 Lol sl Lame 45 el gr sl SIE 5 ala 358 85 5 el i Sb mdaw 3 1) S,
Le 3 a5 Sl ) J.<i: o.% .(Morén-Rios & Huerta-Lwanga, 2006; Theenhaus & Schaefer, 1995) das .
288 Sl O35 S Cd i 5 e BB 055 55 a8 03,8 e sl ()1 e Al 3 (5SSl g e
.(Hazletta et al., 2007; Laossi et al., 2008) LS e sl Sl 3 ie S (5SS Dols g
Gl S 3 (S o SASul Sl oslinal b g a5 5 6ol 48 3l 0L G 1 o ool
2 oS a3l i bl ol sl ba s S OB e el S S » Sde s Sl S e i
53 3 ek Gl b s S DL 51 s S et LB 6 Lx (AS B o S 085 Sl
ol eSS S 3 1535 gl s eal oy ST Ll IS 5L s s pedas s 0)ss (2S5 5 e sadLe

.w‘.ﬁsﬁjUquJJUpWA{JgMJJJJCEMJJLAMﬁ

Y ¢



(F1=110) ATAY Jlo (¥ ojlad & Al oo i Dl mnass aslioas

2eils polattl laogsle 5 OLllse 4 wdd saslaer OLILL: &S 5535 5ITOVA 5 (ulassl 51 FEY 550
Lyl s s 53 5o S5 0 slel Ll 5l a5 SIS e diiee e K ps Slols Bld Sl ax S
Seol ik Ol ey S pl ppdime 2518 5 L (Y Jsder) Al e Coenl b Slw SbE 5 ese e
Irmler «5 <l Jb= )3 -5l (Siira-Pietikdinen & Haimi, 2009) Jas o |25 565 1) s daise 6LAJ<A;_-
Sl e3gad 2SO b 53 byl A alls sla K 55 1 0Lyl Sl b Gl s el
b oolosl e eS 555 S sS a5 sl Wse bl awdls & VU sl b ls baas ;5o (Irmler, 2000)
Y Jga) Wsls oeba AJ}QLAQ)MSUJSQC,.?MJ

£ 5 b a lsas oS 3 Gl Ko sl 5 A lilid 5 SIS aalllan 350 e3sdme 53 £55 FT IS s
O 5 Ampoorter olbl ulul s .(Pontégnie ef al., 2005) Al o J5d LB L) seie S 055 2
d s Al OAd S 5 3l Gupa 4 e S egesn VL andend 5 S8 (S S Jsw B sl S
(Ampoorter et al., 2011) 55 5 » Sl 03b5 Sk 5 b le)\}fi:a g5 s Sl p aals Cels s o SN

olamtl s e W ) e b 5 ol olaa Lo sSis ol (5 sTaer a0 5ST 4SS
S s e 0 S S it 5 Obbido i SIS 048 pla Al e TYR/0 3 5u 0T (3,5 4 sl
Als gl s Cand (60b5 Olsl 3 5 (Laad 58 517YA 50> o) YL sl

5 S slae S s ol wagy Sl dals (K s s Bl Al 0 s s LS L g
Sl S ks s Sl Ll Ol e oS ol w3 ST byl ple 4 Cond e O s 55 a5
A3 b 5l s edd g O 5les S cpl 6l Gldis 5 s Bl 350 e sl b s o 3 2S5
S K Oan 5 Barros [o,15S ol il sl Suelee 0T Gl il s ol 3 i S Lle b col, am e
Ll S glap S Osmen ool SsS das e 515 L s | SL 055 slaes S 5 25 e sk sS S
.(Barros et al., 2003) L5 e

4 S by S olie g ess dla 0 s a Glate Bl 4 o3 b Pl olie 55 elesl 4 o
S G3SE sl sSis 5 Obhdo Dbl (S slap S glimal 4 ol o3 dald K & by e 55 Sl
Arls b less 505 4 Cnd 1) lo sl dops Bl LBl s Sl igls dle O e alasl 3 (L5 g

Olpoar 3 5ms Ol 1 0 eST plo [1alS Olal 05eST 53 b S 31 DlRe o i (23l b Croes) Slas 2
solie 2l L alle Yo s 5 OLLI5e Al Ve e o (St slap S i losl 2l L Al V0 50 e Jlia
W yos IS 0 03 1y ol Kl Gl 5 03500 Ol 1) LGSl jpam 35S O3> lopls 5L
3 Sgr olonl b 516 Jsdz) 335 s ine s Ols 3 aslie opl 45 L g 5 o3ls J2alS
)'\JL...:O;;»wﬁj\wJﬂb@lMAJQUJ4S¢MLlJJLngJL;'MJ§)U.>'l>j>'MLiJ.<;zL.LAM
ALY Bl 0 e 31 IS olossl o Sls Sltie Soypo a 5o Lol L(F Jsu) ol skl s Ll Sl a0 25 s
33,8 o odalive Al Yo s 3 OF Jllie ST 5 axils (63 gm0 o

GBS 53 Do bl il e Al Ve sy b e a0 55 Sl 505 5 O5eS slis 0STS alie Sl
o Odd S b s S dsls OLE s e o GRIBI L (@35m0 sy 00 pU i A o (pl 3l
(F Jsde) Wil e als K 4 by e jolie

\Yo



S dﬁj;\ﬁ Cj‘lj})t’k‘“"jﬂ) h;wg.rja; QJA)'bAQU.ﬂ D‘)M}A‘}J}S;

S s okl ol s Jelse 5 ol Olssts Sldlle 5ol 53 Sk 5 Casb ks edlil Ll 2
Theenhaus & Schaefer, 1995; Morén-Rios & Huerta-Lwanga, ) cl sl sb lagl 51 S slagsbs Sb ('f\f
¥ o S s 5 e LSl b e oS 0Bl Loyl 2 a8 =01 5 Ll .(2006; Siira-Pietikiinen et al., 2003
S8 VW ppolie s Ll ool SIS 8 aas ol 3 1y Bl Jale Ol gad ol 23105 3 5m 5 a5 ol 5l s
Sloss 4 D pde s ol & o il Gusasn 5 (S iV Y 5 ol S i cosbs edd c N s
ot ol oo gn e Sogb s s ey ABL e a2 S ae Bl s 5l e GGl QU aS e g e i b

Lol died Glwi, B glajli= 0L cadls 1) oblolis wlopl 5 5ds op i dlo Vo
ol S ol OF 5 Ll e 85 03,0 (LS slse ple 5 Doy 03 SS 2 5l s 03 Ul e 2
Ok Sushy Al il s o Olseas bapss ol 5 diten 5550 LISl oy IS8 lap e BB DBl
Loledpe Sy Sosby s owle bl LS Y 5 s Sosbe A8 e Sl ) S e es
o S Al Y s s OLL e i el 5 52> (David, 2009; O'Neill, 1969; Topp et al., 2006)
sedd ey S ale iig zio jsax Seloshle cugb, ol s Gk Ll (F Y Jsds) LSt e g5
Mathieu et al., 2009; Morén-Rios & ) el 50 35 |, O 5uSU sle 5 OLL e 2l Sl 2 Frosm 2 o
i s 4 > 9 (Huerta-Lwanga, 2006; Theenhaus & Schaefer, 1995; Siira-Pietikiinen et al., 2003
St 55 a5 53 Sl 0dd e ) (6513 e sl SN 53 Ll g Slad 5 oS5 b ity pslie
Warren ) Col a22ls 3525 St o 40N 035 55/ S Comd 5 05555 Slsmme L OLLIGa ela sl Ole (55L5
(& Zou, 2002

Aals I b 1y ols pme O] Wl O e 53 85 5 L 5uST slind (0S1 5 Sl islie & 0T )
Lgd Ll Wl anidl 38 aSKsm 51 dle 0 spd Cl2IS L jam b melil ol a5 6 S e 018 e sls OLES 55
(F 5 Y Jsu)

L ol sme BNl s s (lazs 5 53 O g o ssds 5 WO ST sldes WSS bl Sl islis
Loodd> 5o (50 ooz Jhse) ols Ol b 355 gl 1y pslis (o 508 =k o O LY sla JK8) sl 0L
Sl (SasS et b G5l M GBI ke ol 5l 0035 05 i b s 518l Coo 4y 25
O3 Jeas g (A3 i 53 48 235 51 (30 (So S Gl S 53 el gmad A8l S > 51 5L
Ampoorter et al., 2011; Barros et al., 2003; ) das o 3 jLis o | St 0455 Sbe C‘b’" Dbl al asls
.(Mathieu et al., 2005; Radford et al., 2001

WIS 5 S Sipl p oo Sl AS e Slse | S s el el ] S b s oo s
AVl St 08 g 31 ol 45 | 38 o0 55 1 OUT 51 (50 O o sk 35800 il S s 15 a0 gb s SLe
Sk o S s plmlr G b B el i e s Sl 5 00, Jes S gl e s
Al sl 5 i3 s sl ol s i S (S5 ol gt Sbt 5 o Ss Sk
.(Kalisz & Powell, 2000; Lavelle et al. 1997; Ampoorter et al., 2011) Ul.ﬁ\fd,e



(F1=110) ATAY Jlo (¥ ojlad & Al oo i Dl mnass aslioas

s o 2R L ) (g25m0 s 2S0gm Slt es Ol AL sls 5 0L £ Gl ls sl
Gl Ko 5l Yo e 53 0T 2t 5 Wl 0 s 3 b ol (S0l Jltie 1 5050 Jsr) sl 0L
2 ORSul D el OF o 55 5 Sb (SuusS opx oA o sl 0L ol s A sdalie dals
oSk o 5168 ol ) 0iiS lpdenl 0 le e L 2 g Sl g JLe Y0 B Sb 058 el s s 58
Sl Ll el 0350 508 03,55 500 OF 51 550 5S4 ol m dals (S 51 L aleS 3l
b e ot 31 oS usbar kil adsl il s 4 1) Comer bl &S ol Beng Rl S 08 ey pelsr
Wl 2238 0T 53 335 0 #T0l3 SH L Y0 oS 035 (6 et 0l gad Aald [ 4y el g Ll 3 5 Sn 5

e gy (V5 7 K)ol OLAS b s Olie 53 335 S L (om0 L) 500 W8 5 s £55 il
3 S b s b i bl 55 oslsen WOT sl Lol ol JiSTa s JBlu Oliss 5 a5 e ise 53 Lo
Sl o3 Al S

O g Sordle (ald sl 035 S b Al O s 3 il gla S 53 055 oS ol sl
w5l e A58 50 L Sl 0 s 3 oS el e Ol L0 Jsax) el eag La s ple 51 2l
wle pastla cals (Ko 53 055 Sle cile Saai 8 5l 31 St 5SS s W Ko ilanils ald Lao ST
Jledl Ll i w0 0ds s s ials d s cdle jatle 2 im b jms e (il 590 U Ll ol 4l 2alS
Gl axils dals K b alie a5 ol el b5l g oS e Ol cpl s Bk e dals K
(A JS2)

S Ole Jolw pm il 03 5l Sl dals K 3 Gladis ol 51 SS a8 Lo Ole SV
0588 S Al 0 s 53 48 (gosbas el 3l Sl SN ALYy 50 s 53 Ll sl sy Gl s = sl
ol DIl 5 Ol praes by OF Bl (o So s 5 SHE LI 5 0Ll ses 5 4 by
dasb 1 ol sbaa S iy Jlol b 4 e 4Bl Lk 0585 Sbe =l o o3 S Ol 0l oS sboles
ol 25 il Gl sk 53 OISl Lo e Sl Bl Wl e s e OUT 2t sl o5 S
WL LS ple s pde Sle Gl AlSe Al 0 s 2 SUKE OB a5l A 15
.(Malmstrom et al., 2009)

Wl Jolas Ll b O 3 b 3 W e o GRIIL Gledss sl SIS a Ol 1615 SV
gl 3 et dlasl Dt a4 S sz g (S ple S 5 L0l o5 DDl cile Ay o e
Siira-Pietikiinen & Haimi, ) coul odd Aol 35 cpdizes 51 K03 (0 B s g gdpe onl aglin lites L s
Rl 5 5 s s o Lyl 4 S5 oS Wl Yo s 3l 2S5 ) ey JLe Ve i 5 .(2009
iy Ogr opbe base LOT Gl sl 53 (2alS Jsw Yol ol disls, s oS 5585 3l o b e
OLlS o s ol b oo ol Sl St (S0usS 5 ESKn 5l o W e o3 QLS 2y
OLT sl slite (slad) Slaptow b 03 (aALS a8 5 5 0dd (oe 25 sl 5l IS b
(Siira-Pietikdinen et al., 2003) X3 3



e SO0y Sl el Hltle ey LESG s e 5l S O, Ken 515 Jg S

A s dals S 5SS OUT ke o xdls e S 5 15 sshs deoss op it g5 55035 Caner
ol U oS 1 il g (sl osblae Jaome Ul i o 3wl Sk 4 A e 0L ol ol 03
Alad o Sl e ks w0 el 1 LS ol ol 8 S a0l e

St a3 IS S el Sl Wl e T slse (53055 CoS 5 ukS 3 ek § o 3
OLE S b s s Shalidl w0 Slles 5w JLe Y0 B0 5 laes 8 ple Comanr Ol g2 52503 =
sl 035 dald K 51 2aS o)l gen 0 (5, o311 (sl eyl S slis Lol il o3 g s K s 4

Oyesl 3550 e Sler 53 LOT Comanr 45 315 0L (5381 OLILr ae) 53 ol plnil Slalllas il ¢ JS 3
lyani BT 5555 5 0 5mSE sl (0535 Sl oS15 alie 1508 o D s ol 0l (3L 5 il
4 (I 0) s oy o 51 s iie ) 53 o2l 31 S8 G el pon ol il L2 5 s 53 sl L
St O e oS Wl Ve s o O il 3y Ll G LS ol o ealiie (JLa Y0) VU
Obbas BLlsla o3 50 aaedlS 1 & 0 6l 1) (S5 Jaome &8 b s plo 0 S Sosb o ugosn 5 ol 2
ool ot a1y polis Bl Us s 4JST Aol 555 53 03 0l (Slaiite copl oM 5500 Sdelas O3~
(S eSSy sS amt 55 5 (K 5 e Ll 4 525 5D Lol L O 5 5L L jeS 3 5 Jdsay a5 00l
D S 53 el s a1l Sla05eSE Alisn g1 (5 e sbae Tl s s 335 oS i
oS e s Vil 8 g 355 Slo it 5 A 0 e 5l 3o 3 St slady 5 Sl sl Bl
Al o S (SUosS S Candy 55 5 e 5 SGE I sl

S5 sm Ll pd b s mla 2G5l AU Ol eas dleel Sl ey Jle Tr i 4S5 ,8 OU G )

el 03 55 350 5 bl Il 3 05l e Ll oS Ll JulS ) gboay (6581 Ol 55l



(F1=110) ATAY Jlo (¥ ojlad & Al oo i Dl mnass aslioas

References

Ampoorter, E., Schrijver, A. D., Frenne, P. D., Hermy, M. and Verheyen, K. 2011. Experimental
assessment of ecological restoration options for compacted forest soils. Ecological Engineering, 37: 1734-
1746.

Aquino, A. M., Silva, R. F., Mercante, F. M., Correia, M. E. F., Guimaraés, M. F. and Lavelle, P. 2008.
Invertebrate soil macrofauna under different ground cover plants in the no-till system in the Cerrado.
European journal of soil biology, 44: 191-197.

Barros, E., Neves, A., Blanchart, E., Fernandes, E. C. M., Wandelli, E. and Lavelle, P. 2003.
Development of the soil macrofauna community under silvopastoral and agrosilvicultural systems in
Amazonia. Pedobiologia, 47: 273-280.

Battigelli, J. P., Berch, S. M. and Marshall, V. G. 1994. Soil fauna communities in two distinct but
adjacent forest types on northern Vancouver Island, British Columbia. Canadian Journal of Forest
Research, 24: 1557-1566.

Bautista, F., Cecilia, D. C. and Marisol, G. R. 2009. Change in soil macrofauna in agroecosystems derived
from low deciduous tropical forest on leptosols from Karstic zones. Tropical and Subtropical
Agroecosystems, 10: 185-197.

Bengtsson, J., Persson, T. and Lundkvist, H. 1997. Long-term effects of logging residue addition and
removal on macroarthropods and enchytraeids. Journal of Applied Ecology, 34(4): 1014-1022.

Bertrand, M. and Lumaret, J. P. 1992. The role of diplopoda litter grazing activity on recycling processes
in a mediterranean climate. Vegetado, 99-100: 289-297.

Brévault, T., Bikay, S., Maldes, J. M. and Naudin, K. 2007. Impact of a no-till with mulch soil
management strategy on soil macrofauna communities in a cotton cropping system. Soil and Tillage
Research, 97(2): 140-149.

Cole, L., Bradford, M. A., Shaw, P. J. A. and Bardgett, R. D. 2006. The abundance, richness and
functional role of soil meso- and macrofauna in temperate grassland-A case study. Applied Soil Ecology,
33(2): 186-198.

David, J. F. 2009. Ecology of millipedes (Diplopoda) in the context of global change. Soil Organisms, 81(3):
719-733.

Doblas-Miranda, E., Sanchez-Piiiero, F. and Gonzalez-Megias, A. 2007. Soil macroinvertebrate fauna of
a Mediterranean arid system: composition and temporal changes in the assemblage. Soil Biology and
Biochemistry, 39: 1916-1925.

Hammer, @., Harper, D. A. T. and Ryan, P. D. 2001. PAST: Paleontological Statistics Software Package
for Education and Data Analysis. Palaeontologia Electronica, 4(1): 9 pp. http://palaeo-
electronica.org/2001_1/past/issuel_01.htm.

Hazletta, P. W., Gordonb, A. M., Voroneyc, R. P. and Sibley, P. K. 2007. Impact of harvesting and
logging slash on nitrogen and carbon dynamics in soils from upland spruce forests in northeastern
Ontario. Soil Biology and Biochemistry, 39: 43-57.

Irmler, U. 2000. Changes in the fauna and its contribution to mass loss and N release during leaf litter
decomposition in two deciduous forests. Pedobiologia, 44: 105-118.

Kalisz, P. J. and Powell, J. E. 2000. Invertebrate macrofauna in soils under old growth and minimally
disturbed second growth forests of the Appalachian mountains of Kentucky. American Midland
Naturalist, 144: 297-307.

Laossi, K. R., Barot, B., Carvalho, D., Desjardins, T., Lavelle, P., Martins, M., Mitja D., Rendeiro, A.
C., Roussin, G., Sarazin, M., Velasquez, E. and Grimaldi, M. 2008. Effects of plant diversity on plant
biomass production and soil macrofauna in Amazonian pastures. Pedobiologia, 51: 397-407.

Lavelle, P. 1996. Diversity of Soil Fauna and Ecosystem Function. Biology International, 33: 3-16.

Lavelle, P., Bignell, D., Lepage, M., Wolters, V., Roger, P., Ineson, P., Heal, O. W. and Dhillion, S.
1997. Soil function in a changing world: the role of invertebrate ecosystem engineers. European Journal
of Soil Biology, 33: 159-193.

Lavelle, P., Decaéns, T., Aubert, M., Barota, S., Blouin, M., Bureau, F., Margerie, P., Mora, P. and
Rossic, J. P. 2006. Soil invertebrates and ecosystem services. European Journal of Soil Biology, 42: 3-15.

Malmstrom, A., Persson, T., Ahlstroma and Gongalsky, K. K. B. and Bengtsson, J. 2009. Dynamics of
soil meso- and macrofauna during a 5-year period after clear-cut burning in a boreal forest. Applied Soil
Ecology, 43: 61-74.



e SO0y Sl el Hltle ey LESG s e 5l S O, Ken 515 Jg S

Mathieu, J., Grimaldi M., Jouquet, P., Rouland, C., Lavelle, P., Desjardins T. and Rossi, J.P. 2009.
Spatial patterns of grasses influence soil macrofauna biodiversity in Amazonian pastures. Soil Biology
and Biochemistry, 41: 586-593.

Mathieu, J., Rossi, J. P., Mora, P., Lavelle, P., Martins, P. F. S., Rouland, C. and Grimaldi, M. 2005.
Recovery of soil macrofauna communities after forest clearance in eastern Amazonia, Brazil.
Conservation Biology, 19(5): 1598-1605.

Morén-Rios, A. and Huerta-Lwanga, E. 2006. Soil macrofauna of two successional evergreen cloud forest
stages from the Cerro Huitepec nature reserve, San Cristobal De Las Casas, Chiapas, México.
Interciencia, 31(8): 611-615.

Negrete-Yankelevich, S., Fragoso, C., Newton, A. C. and Heal, O. W. 2007. Successional changes in soil,
litter and macroinvertebrate parameters following selective logging in a Mexican Cloud Forest. Applied
Soil Ecology, 35: 340-355.

O'Neill, R. V. 1969. Adaptive Responses to Desiccation in the Millipede, Narceus americanus (Beauvois).
American Midland Naturalist, 81(2): 578-583.

Pontégnie, M., de Warnaffe, G. D. and Lebrun, P. 2005. Impacts of silvicultural practices on the structure
of hemi-edaphic macrofauna community. Pedobiologia, 49: 199-210.

Radford, B. J., Wilson-Rummenie, A. C., Simpson, G. B., Bell, K. L. and Fergusson, M. A. 2001.
Compacted soil affects soil macrofauna populations in a semi-arid environment in central Queensland.
Soil Biology and Biochemistry, 33: 1869-1872.

Saint-Germain, M., Larrivée, M., Drapeau, P., Fahrig, L. and Buddle, C. M. 2005. Shortterm response
of ground beetles (Coleoptera: Carabidae) to fire and logging in a spruce-dominated boreal landscape.
Forest Ecology and Management, 212: 118-126.

Siira-Pietikdinen, A. and Haimi, J. 2009. Changes in soil fauna 10 years after forest harvestings:
Comparison between clear felling and green-tree retention methods. Forest Ecology and Management,
258: 332-338.

Siira-Pietikidinen, A., Haimi, J. and Siitonen, J. 2003. Short-term responses of soil macroarthropod
community to clear felling and alternative forest regeneration methods. Forest Ecology and Management,
172: 339-353.

Theenhaus, A. and Schaefer, M. 1995. The effects of clear-cutting and liming on the soil macrofauna of a
beech forest. Forest Ecology and Management, 77: 35-51.

Topp, W., Kappes, H., Kulfan, J. and Zach, P. 2006. Distribution pattern of woodlice (Isopoda) and
millipedes (Diplopoda) in four primeval forests of the Western Carpathians (Central Slovakia). Soil
Biology and Biochemistry, 38: 43-50

Tsukamoto, J. and Sabang, J. 2005. Soil macro-fauna in an Acacia mangium plantation in comparison to
that in a primary mixed dipterocarp forest in the lowlands of Sarawak, Malaysia. Pedobiologia, 49: 69-80.

Warren, M. W. and Zou, X. 2002. Soil macrofauna and litter nutrients in three tropical tree plantations on a
disturbed site in Puerto Rico. Forest Ecology and Management, 170: 161-171.



Journal Of Entomological Research Islamic Azad University, Arak Branch

ISSN 2008-4668

www.entomologicalresearch.ir

Volume 5, Issue 2, pages: 115-131

Long term impacts of ground skidding on structure of soil macrofauna
associations in Hyrcanian Beech Forests

D. Kartoolinejad'*, A. Najafi*, M. Shayanmehr’

1- Assistant professor of Forestry, Faculty of Desert Studies of Semnan University, Semnan province, Iran
2- Associate professor of Forestry, Tarbiat Modares University, Nour, Mazandaran province, Iran
3- Assistant professor of Plant Protection, Sari Agricultural science and Natural Resource University, Sari, Mazandaran province, Iran

Abstract

In this study, the effect of ground based skidding using rubber-tired skidder in changing the soil
fauna associations of surface of skid trails with the age of 5, 10, 15 and 20 years were investigated
in Hyrcanian Forests, north of Iran. Comparison of structural features and biological indices of soil
macro-invertebrate communities living on trails showed extreme decreasing of density, number of
taxa, and abundance of macrofauna in 5-year trail. Total biomass of macrofauna had not significant
difference; but 5-year trail showed lowest mean value. Shannon’s biodiversity and Margalef’s
richness indices also had minimum mean value in 5-year and maximum in 20-year trail and control
forest respectively. Moreover, comparison among traffic segments showed a minimum mean value
of these variables related to high traffic and maximum to low traffic segments. The results of
current publication demonstrated severe impacts of skidder on soil invertebrate communities on
trails surface even until 20 years. But induced impacts at macrofauna communities was actively
improving and recovering during times.
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