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ABSTRACT

Dead tree is an important ecological factor for dgas and heterogeneity creation of soil characteed attracts
different livings. Due to investigation the decasgrke effects of downed tree on soil characters earthworms
ecological groups, the Sardabrood forest of Chalstuslied that is located in Mazandaran provincertimern Iran.
For this purpose, 306.2 ha areas considered at-70B00 m altitude range and twenty seven downexs toé beech
and hornbeam species were found. Decay degreevafietbtree classified in four classes (DC1, DC2, @@l
DC4). Whole of dead trees selected as the centeamiple plots and mixed soil samples were takem fieeirs
besides and along at-Q0, 10- 20 and 26 30cm depth. Soil acidity, water content, totalbzar, total nitrogen and
carbon to nitrogen ratio measured in the laboratofhe earthworms were collected simultaneously tigh soil
sampling by hand sorting. The maximum of aciditg avater content considered in DC4 of dead trees and
significant differences were found. But, soil defpdtdl no significant differences for these charaxtédso, the most
amounts of soil carbon and nitrogen found in DC4le&d trees and upper layers of soil. DC1 of deeds and soll
lower depths devoted the maximum of carbon to grtnoratio. Principal component analysis (PCA) shdwreat the
most assemblage of earthworms were around of dead Wwith high decay degree (DC4). Number and b#snod
earthworms group in dead trees positions indicaémglogeics are due to creating significant statatidifferences
between beech and hornbeam downed trees.
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INTRODUCTION

In the Caspian region, with a forest surface afesbout 1500000 ha, oriental bee&agus orientalisLipsky) is an
important climax species, together with speciedsaag HornbeamQarpinus betulud..), Caucasian oakQuercus
castaneifolia C.A.M.), Caucasian zelkovaZ¢lkova crenateDesf.), Persian iron woodPérrotia persica DC.
(C.A.M.) and Caspian honey — locussléditschia caspicaDesf). The beech is a main species in this mixed
broadleaved forests and appears stands wise imah@atainous sites of northern slopes of Elburz Maims (700 -
2200 m.a.s.l.). In the north of Iran, pure and mireiental beech forests cover 17.6 per cent ofthrding volume.
Beech is the most valuable wood - producing speni¢ise Caspian forests. Old beech trees can gatier than 40
m and exceed a diameter at breast height larger It m [35, 44]. In unmanaged forest ecosystehws,ntain
causes of small - scale soil heterogeneity areamicelief, soil parent material, spatial distrilout of trees and tree
species and uprooting of trees and dead treesamda0]. Dead wood is an important component iturel forests.
It is widely regarded as an important aspect oégorbiodiversity forming key habitats for many dpsc For
example invertebrates, fungi, bryophytes, lichdrgls and mammals depend on or utilize dead woed®arce of
food or shelter [42]. Dead wood is also an impdriamg term nutrient storage [16], the carbon contedds
significantly to the overall carbon storage of f&reecosystems [12, 50], and humification processures a
continuous supply of organic material to the s83,[51, 52].
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Dead wood is not an optional extra, but a critcainponent in forest functioning, which plays fivajor roles in
the ecology of healthy, natural forest includingaimtaining forest productivity by providing organioatter,
moisture, nutrients and regeneration sites forfeani some tree species germinate preferentiallipgs; providing
habitats for creatures that live, feed or nestawvitees in dead and dying timber, and for aquatéatures that live in
pools created by fallen logs and branches; supplgiiood source for specialized feeders such aeseand for
fungi and bacteria; stabilizing the forest by hetpto preserve slope and surface stability andemévg soil erosion
in the event of storms, heavy rainfall and othématic extremes; storing carbon in the long terust mitigating
some of the impacts of climatic change [43]. Deambdvisn't a single habitat, but instead a complange of
different microhabitats, which change and evolvesrotime. The quality of deadwood, and its usefudnés
different species, depends on how long it has lbeeaying and also on the tree species, age atbfimeath, cause
of death, position (standing, fallen, etc) and ,samd on the surrounding climatic conditions [3B&rthworms are
perhaps the most important soil organisms in tesfriheir influence on organic matter breakdown) stiuctural
development, and nutrient cycling, especially iadurctive ecosystems [18]. Aristole called them"ihetines of the
earth" and the eminent nineteenth century biolpgitarles Darwin, aspect many years observing thmajor
influence on the formation of humus and transpbgail [17]. Despite of the vast increase in safentiterature on
earthworms in recent years, much remains to be krinwheir basic biology and ecology [18, 28]. idtnot clear
whether earthworm populations are mainly controbgdhe amount of food, its quality, or the cherhigabperties
of their environment [3, 11, 41]. Therefore, detiming the relation among biomass and diversity arftravorms
with downed tree disturbances (dead trees) and hidagpnditions are essential for management of store
ecosystems. The main aim of the present study wasvestigate of downed tree effects on soil proesr
earthworm biomass and species diversity in mouatairiorests of Iran that is the first survey insthéorests and no
data have yet been published.

MATERIALS AND METHODS

Study area: This research performed in Sardabrood forests #natlocated in the lowland and midland of
Mazandaran province in north of Iran with the a0€2347 ha. (Between 36° 3307, 36° 40 52" northern latitude,
and between 51°'707 51° 12 517 eastern longitude). The maximum elevation480m and minimum is 50m.
Minimum temperature in December (7.5°C) and thévég temperature in June (24.6°C) are recordefdectsely.
Mean annual precipitation of the study area wenenf237.6 to 47.5 mm at the Noushahr city metrokaigitation,
which is 10Km far from the study area. The soils deep, moderately well drained. They have textofedlty clay
and clay loam with pH of 4.9 to 6.3. Bedrock is dstone with silting and argillite, and lime stof&esence of
logged and bare roots of trees is indicating r@ptastrictions and soil heavy texture [1].

Soil sampling and analysis:Due to this survey, twenty seven downed tree inechikeech forests were found at
306.2 ha areas. Seventeen trees dominated by lfEaghs orientalisLipsky) and ten by hornbeanC4rpinus
betulusL.) at 700 - 1300 m altitude range (Table 1). Bedagree of downed trees classified in four classes
including (Fig. 1): the tree is dead recently, cambstill green, crown intact (DC1); bork sloughjnghually fine
longitudinal shakes in the wood, twigs sloping (QBe decay is adcanced, spreading of the lonigith@hakes to
furrowes (DC3); the wood is dacyed completely, tmilapsing, wood fariable, crown completely decvosgd
(DC4) [23].

Whole of dead trees selected as the center of sgpiptis and mixed soil samples excavated fromghessides and
along. Soil acidity, water content, total carbariat nitrogen and carbon to nitrogen ratio measimate laboratory.
Soil samples were taken at1; 10 - 20 and 20 - 30cm depth from all sitesgedlive plant material (root and
shoots) and pebbles in each sample were separathdniol and discarded. The soil samples were aired cand
sieved. Soil acidity (with an electrode), water teon (by drying soil samples at 105° C for 24 hyurstal carbon
(walkey and Black method), total nitrogen (Kjeldankthod) and carbon to nitrogen ratio measuredhe t
laboratory [40].

Table 1. Downed trees characteristics of beech afmbrnbeam

Species Tree Average of Average of Dominant Slope

P number D. B. H. (cm) altitude (m) slope aspect
Fagus orientalid ipsky 17 45.35 (35 -52) 1202.1 (1110 - 1295) - &0 Northeast
Carpinus betulus. 10 48.60 (42 - 52) 771.5 (725 - 910) 40 - 50 rtNeast

Beech site included number of 3, 4, 6, and 4 dovmees in DC1, DC2, DC3 and DC4, respectively. Haam site included number of 3, 4 and
3 downed trees in DC1, DC2 and DC4, respectively3vasn’t considered in hornbeam site).
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Fig. 1. Decomposition kéy for woody debris of beedmnd hornbeam--

Identification and differentiation of earthworms: The earthworms were collected simultaneously wlith $oil
sampling by hand sorting, washed in water and veslgiith mili gram precision. Species of earthworwere
identified (epigeic, anecic, and endogeic) by exécharacteristics using the key of BOUCH [Bpigeic worms
feed on plant litter, dwell on the soil surfacewsthin the litter layer, tend to be heavily pigmedt and are small to
medium sizedAnecic worms feed on plant litter and soil, live in ngavertical permanent burrows, are dorsally
pigmented, and largeEndogeic species are soil - feeders, are not heavily pigeserfrom extensive horizontal
burrow systems, and range in size form small tgdaEarthworm species do not always fall clearty these three
main categories and may even exhibit traits ofedéfit groups at different life stages or under edéft
environmental conditions [2, 5, 7, 9, 13, 14, 22, 29, 31, 32, 34, 36, 39, 45, 47, 48]. Biomass de&fed as the
weight of the worms after drying for 48 hours dtefi paper at room temperature (60°C) [8].

Fig. 2. Earthworm's representative of different ectogical groups. (a) Epigeic, (b) Endogeic, (c) Anac

Data analysis: Kolomogorov - Smirnov test used as normality test devene test for data homogeneity test.
Analysis of variance (one - way ANOVA) and Duncaomparison were used to find differences in soil
characteristics, earthworm's number and biomasthefdecay different classeSquare - root method used for
normality of data, because in some cases therenava®mogeneity of variance. Analysis of whole date done in
SPSS Ver. 13.5 of statistical program. Factor aislig statistic technique for achievement to cexpelationships
among variables. For this purpose, relationshipsrgrdecay classes, soil characteristics and eamnthvgooups
were analyzed by Principle Component Analysis [25].

RESULTS AND DISCUSSION

Soil characteristics: Analysis of variance is indicating soil charactécs have significant differences in decay
different degrees of beech and hornbeam downed f{fiegble 2). The maximum of acidity were observedC4
and this factor had significant differences witke thther decay classes, but soil depth had no &ignifdifferences
(Table 2). The most water content (moisture) devateDC4 and soil depth had no significant differes also
(Table 2). The most amounts of carbon and nitragéated to DC4 and soil upper layers, but DC1 avidlewer
layers had the most value of carbon to nitrogeio (@able 2).

The studied soils were found acidy and alkalinarimund of beech and hornbeam dead trees, resgegciihe most
amount of pH was considered in DC4 of hornbeam @aolwinee and DC1 to DC3 of beech downed trees. [yptal
faguetum litters have low pH and carpinetum littease alkaline conditions that are due to acidy @kdline of soil
[27]. The results of this research showed thatthaline condition of soil increased along time avith more decay
of hornbeam dead trees, that is probably for tlesemce released different compounds because of deosy and
decomposition of dead trees by destructive fadforggi, insects and invertebrates). Whereas beeal trees had a
different condition that is by reason of edaphictdas, elements, components and beech inner steud®erformed
survey showed no regular changes among soil lagdated to acidity amounts. This subject is linkedrregular
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changes of lime in lower layers and humus, orgamitter presence in soil surface [4]. Water conteateased
significantly with increasing of dead trees decagrge. Motta [26] reported that dead tree presesitereate more
suitable conditions for increasing water uptaksail of forest ecosystems. Thus, with increasindedd tree decay
degree, theirs contents and components will creadee sponge condition that is due to capabilityéase of
moisture uptake and maintenance by soil. Gap opgeimircanopy closure (by reason of tree fall) is dmemore
intense contact of sunlight to forest floor, moistmore evaporation of soil surface and elevatirgwater content
to soil surface [6]. In current study, moistureqest is reduced in surface soils by reason straigime of sun light,
but the soil lower layers had more amounts of webertents.

Table 2. Mean of soil characteristics in decay diffrent degrees of downed trees

Downed tree species / Soil characteristics pH Wedatent Carbon Nitrogen C/N ratio

1 6.51(0.00)a 31.42(0.22)d 2.81(0.08)c  0.1500@0 17.92(0.33)a

Decay 2 6.45(0.01)a 35.70(0.23)c  2.97 (0.04)b  0.180mO0 16.70 (0.61)b

5 Class 3 6.43 (0.01)a 38.58(0.22)b 2.98 (0.04)b  0.220@&0 13.51 (0.17)c

> 4 6.15(0.04)b  43.78 (0.29)a 3.13(0.01)a  0.240)20 13.15(0.42)c

Q Soil 0-10 6.43 (0.01) 36.94 (1.00) 3.15(0.01)a 0@BEMa  13.72 (0.45)b

depth (cm) 10-20 6.34 (0.04) 37.95 (1.04) 3.00 (0.02)b  E200)b  14.73 (0.50)b

20-30 6.39 (0.04) 38.69 (1.05) 2.80 (0.05)c  w@O)c 16.41 (0.59)a

e Decay 1 7.61(0.00)b 29.53(0.19)c 2.77(0.07)c  0.181h0O 15.08 (0.71)a

3 Class 2 7.54 (0.03)b 3457 (0.17)b  2.96 (0.02)b  0.2110h0 14.47 (0.83)a

3 4 8.07 (0.02)a 41.48 (0.33)a  3.14 (0.02)a  0.2800@.0 11.92 (0.35)b

g Soil 0-10 7.73 (0.66) 34.38 (1.50) 3.07 (0.03)a 0@BI)a  12.45(0.56)b
T depth (cm) 10-20 7.73 (0.09) 35.37 (1.59) 2.97 (0.04)ab (@®al)ab 14.10 (0.58)ab

20-30 7.71 (0.08) 35.65 (1.57) 2.83(0.07)b  @ae1)b 15.11 (1.02)a

Values are the means 1St. error of the mean (ireptresis).
Within the same column the means followed by diftdetters are statistically different (P < 0.05).

Table 3. Mean of number and biomass of earthwormshidecay different degrees of downed tree

Downed tree species / Ecological grou Number Biomass
P 9 9 “Epigeic Anecic  Endogeic Epigeic  Anecic  Endogeic
1 0.79 2.08 2.16 6.81 17.04 17.17
(0.39) (0.23) (0.35)c (3.40) (1.70) (3.35)c
2 1.88 24 3.10 18.32 21.08 27.11
Decay (0.81) (0.52) (0.21)b (7.85) (456) (2.77)b
Class 3 5.52 247 3.17 23.89 23.47 30.18
= (0.87) (0.43) (0.17)b (8.25) (4.14) (1.96)b
S 4 3.16 294 4.42 29.66 28.44 43.46
2 (0.35) (0.67) (0.36)a (9.52) (6.62) (3.76)a
0-10 6.66 2.95 2.40 6277 27.31 20.93
Soil (0.60)a (0.21)b  (0.13)c (5.85)a (2.06)b (1.57)c
depth 10 - 20 0.00 4.07 2.94 0.00 37.91 26.77
(cm) (0.00)b (0.24)a  (0.21)b (0.00)b (2.75)a (5.52)b
20 - 30 0.00 0.46 4.46 0.00 3.61 43.14
(0.00)b (0.24)c  (0.22)a (0.00)b (1.95)c (2.51)a
1 151 2.68 3.37 13.53 23.69 28.28
(0.75)  (0.36) (0.42)b (6.76) (2.95) (4.03)b
Decay 2 2.29 2,97 4.18 21.69 28.49 37.94
Class (0.98) (0.70) (0.25)ab (9.28) (6.75) (3.21)ab
% 4 3.38 3.44 5.18 32.19 28.23 50.95
3 (0.69) (0.90) (0.58)a (16.11) (8.51) (6.24)a
g 0-10 7.16 3.28 3.15 67.19 31.20 27.46
T Soil (0.73)a (0.27)b  (0.16)b (7.34)a  (2.75)b  (1.53)b
depth 10 - 20 0.00 5.26 3.72 0.00 48.7 33.63
(cm) (0.00)b (0.33)a (0.36)b (0.00)b (3.83)a (4.29)b
20 - 30 0.00 0.52 5.76 0.00 5.03 55.76
(0.00)b (0.28)c  (0.33)a (0.00)b  (2.70)c  (3.90)a

Values are the means 1St. error of the mean (ireptresis).
Within the same column the means followed by diftdetters are statistically different (P < 0.05).

The highest value of soil carbon and nitrogen foimBC4 of dead trees. Vitousek and Denslow [4Ghdestrated
that downed trees are an effective factor for iasieg the amounts of carbon and nitrogen in fogsedt Totally,

dead tree and decayed trees will storage the cahdmitrogen in long term and release these elenterfiorest soil
gradual by decomposition process [15]. In our redeaalso with increasing of decay and decompasitiegree in
long term, more amounts of carbon and nitrogen weleased in studied soil. On the other hand, thgimum of

carbon and nitrogen considered in soil upper layosch, et al. [20] in his research showed thatdArbon amount
will reduce with increasing soil depth that is tethto litter and plant residues accumulate in soiface. Also, he
reported that carbon character has direct relatitinnitrogen amount in soil surface as the soiboa and nitrogen
percent will decrease with increasing of soil defithese relations were found in our study alsob@aito nitrogen
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ratio of soil is depended to carbon and nitrogercgra in forest ecosystem soil. Thus, the obtaimesdlts showed
that the most value C/N ratio devoted in DC1 arisl thtio will decreased in long term with increasof dead tree
decomposition. The most amount carbon to nitrogéio was considered in lower layers of soil linkedcarbon and

nitrogen percent.

Ecological groups of earthworms: Analysis of data showed that number and biomasenaofogeic ecological
groups had significant differences among decayewfit degrees of downed trees (Table 3). Earthwonomnber
and biomass of endogeic had more amounts in DCAtlmnather ecological groups of earthworms (epigeid
anecic) had no significant differences (Table 3)e Thost earthworms number and biomass of epigeatia and
endogeic were found in 0 - 10, 10 - 20 and 20 n880il depths, respectively. Principle componertysis (PCA)
is indicating the most assemblage of earthworm oggchl groups is around of downed trees with higitay
degrees (DC4) (Fig. 3 and 4). Also, investigatibearthworms groups in location of beech and hcainbeowned
trees showed that endogeic number and biomassigaificent statistical differences between mentwrmwned

trees (Table 4).

PCA
=)
O o
DC2 28
N
O
a
Carbon to nitrogen ratio
o Acidit Epigeic number
y Epigeic biomass DCa
Carbz)/\rl?ter- content Anecic number
Nitrogen Anecic biomass PC1 (75.41)
Endogeic number
obci Endogeic biomass
DC3
O
Fig. 3. PCA bibplots of decay class, soil charactistics and earthworm group in beech downed tree I@tion
PCA
S
™
© DC10O
Acidity | &
en Q

Epigeic number

Epigeic biomass Carbon to nitrogen ratio PC1(94.77)

Endogeic number
Endogeic biomass

Anecic biomass DC 2
@)

Fig. 4. PCA bibplots of decay class, soil charactistics and earthworm group in hornbeam downed tredocation

Table 4. Mean of earthworm's number and biomass ifbeech and hornbeam downed trees

Ecological groups Number Biomass
of earthworm Epigeic Anecic Endogeic Epigeic Anecic Endogeic
Downed tree species B H B H B H B H B H B H
Mean 205 238 251 302 332 421 19.30 22.39 6522. 28.23  30.34 38.95
Sig. 0.71¢ 0.31™ 0.01* 0.71™ 0.24™ 0.03*

(B): Beech. (H): Hornbeam. ** Different is signiéint at the 0.01 level.
*Different is significant at the 0.05 level. (h§Jon significant differences (P > 0.05).
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Totally, the most earthworms are sensitive to aoitlity as theirs number and biomass reduce iis sath low pH.
On basis of carried out researches, earthwormmpp# inclined to buffer [18]Thus, total comparison of beech
and hornbeam dead trees is indicating more presandebiomass of earthworms in hornbeam dead tiess t
devoted the more amounts of soil acidity (alkalimfompare to beech dead trees. The results o$tady showed
that DC4 of downed trees had the most density @mmhdss of earthworms (although, only number andnbis of
endogeic ecological groups had significant diffees). It is considerable that more assemblage @dggic group
can be related to water contents in lower layersodf Almost, 80 to 90 % of earthworm's fresh virigonstituted
of water, thus soil moisture are essential forrthéve and will kill by reason of soil drying [19Pay attention to,
lower horizons of soil devoted in endogeic groupd & perceive these earthworms groups have highvexion
ability [17] thus; they had more assemblage in carispn to the other groups of earthworms. On tierohand,
Mboukou - Kimbatsa, et al. [24] demonstrated thieatfof soil nitrogen on earthworm's density andnidss as
positive. In current research, DC4 of dead treestha most amount of soil nitrogen and includedhtdgnsity and
biomass of earthworms that is according to Mbouk&limbatsa, et al. [24] description. But, the loMNCratio of
soil is the other effective factor that can be odered in relation to earthworms' groups' assensbladdC4 of dead
trees. Wood [49] in his research resulted that siiileral matters are necessity for earthworms' traamd their
biomass will increase in soil with low C/N ratioaRmani [33] resulted that earthworm population effected by
C/N ratio, as density and biomass of earthwormgedaced by increasing C/N ratio. Neyrinck, etf29] reported
that the low C/N under canopy of Maple is due torenassemblage of earthworms. Antunes, et al. (2008)
demonstrated soil C/N as an abiotic factor and rtimst important effective factor on density and tasm of
earthworms in forest ecosystem. Kooch, et al. jh@pduced the soil C/N factor as the most effextigctor on
earthworm density and biomass in ecosystem uni@hafous lowland forests (North of Iran). In owrdst, the least
amounts of soil C/N found in DC4 of dead treesstimore earthworms' density and biomass considerdhis
decay class. Principal component analysis confirthedaccuracy of above phrase.

As figure 2 showed the C/N ratio and DC4 of deagdrare laid in two sides of main principle compdsi¢hat is
indicating theirs vice versa relation each othelsoA this figure is showing assemblage of earthwdiifferent
groups in DC4 (of course, in hornbeam dead tremscia biomass is separated from the other earthsvgnoups
that can be related to earthworm age and othewesiigated factors in this survey). The most nunaver biomass
of epigeic found in upper soil layer. As mentiorexore, this earthworm group haven't high excawadioility, thus
they will assemblage in superficial horizons thaitssare finer (especially with presence the deluigyhhn degree of
dead trees). The most earthworms (especially epg@iup) prefer rich environments of nutrient seuft8]. The
presence of dead wood can be as effective nusimnte for theirs presence. Anecic and endogeidiepare more
resistant to soil inappropriate textures and hadgh bxcavation ability in compare to epigeic [1#erefore these
earthworm groups were considered in soil lowernsy€otally, it is mentionable that downed treeslead trees can
create a new niche for many of livings and playvatal role in nutrient cycle [37].

CONCLUSION

In this research tried to survey of dead trees oolearthworm density and biomass and is as theréisearch that
analyzed about this subject in the north Mountagnfarest of Iran. Understanding the ecological a@ffeof dead
trees on soil livings can present accuracy percefviorest soil ecology to be applicable in managmests. It is
proposed that similar researches should be caougdvith respect to dead trees effects on soilients elements
(especially N, P, K), and also the response oheanm groups to these nutrients elements. Becaludead trees
are rich sources of nutrient elements that havereifit ecological effects on forest ecosystem soil.
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