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Effects of Pit and Mound Landscape on Soil Ecosystem Engineers at Local
Scales-a Case Study in Hyrcanian Forest
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Abstract Earthworms comprise a major proportion of the total invertebrate biomass in terrestrial ecosystems and they are often
called "ecosystem engineers". Felling of trees by wind occurs continually in forest ecosystems. Many of trees are uprooted by
windthrow, annually. The uprooting of old trees creates multiple microsites (e.g. pit and mound landscape) that are main source for
soil heterogeneity. Efforts have been made in this study to determine the impact of pit and mound landscape on earthworm
assemblages. Due to, the experimental forest station of Tarbiat Modares University studied that is located in Mazandaran province,
northern Iran. For this purpose, twenty hectare areas considered and numbers of thirty four uprooted trees were found. Five
microsites were distinguished including mound top, mound wall, pit bottom, pit wall and closed canopy. Soil samples were taken at
0~15 cm, 15~30 cm and 30~45 cm depths from all microsites using core soil sampler with 81 cm® cross section. Soil pH, water
content, organic carbon, total nitrogen and carbon to nitrogen ratio measured in the laboratory. The earthworms were collected
simultaneously with the soil sampling by hand sorting method. As a result, in this study soil characters changes had significantly
impact on earthworm abundance at local scales. Earthworm's (epigeic, anecic and endogeic) density and biomass had more amounts
in pit bottom whereas, no earthworms found in mound top and wall microsites. Principle Component Analysis (PCA) performed on
earthworm population and environmental variables showed that water content and C/N ratio are potential indicators of earthworm
abundance change.
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1 Introduction which induces changes in water and oxygen

Soil organisms are known to affect plant growth by
enhancing mineralisation of soil organic matter and
modifying physical and chemical properties of soil
(Bardgett et al., 2005). Within soil organisms,
earthworms are in term of biomass and activity among
the most important detritivores in terrestrial ecosystems
(Edwards, 2004). They are also known to affect plant
growth, generally positively, via five main
mechanisms (Brown et al., 2004; Laossi et al., 2010):
(1) an increased mineralization of soil organic matter
(2) the production of plant growth substances via the
stimulation of microbial activity; (3) the control of
pests and parasites; (4) the stimulation of symbionts

and (5) modifications of soil porosity and aggregation,

availability to plant roots. Earthworms have been
viewed as ecological engineers (Kooch and Jalilvand,
2008) and their activities profoundly affect soil
physical and biological properties that can directly or
indirectly alter plant-related processes such as
resourceallocation, growth and recruitment (Szlavecz
et al., 2011). Earthworms of the family Lumbricidae
are ubiquitous inhabitants of terrestrial ecosystems,
with the majority of species found in the Holarctic:
from Canada and the USA through to Eurasia and

Japan (Nechitaylo et al., 2010).

Earthworms are subject to physical, chemical and
biological changes in soil, so they have a major role in
soil structure and performance (Rahmani, 2000).
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Earthworm activity in soil, transfer minerals to
different horizons and also organics to lower horizons
of soil (Rahmani and Saleh Rastin, 2000). Creation of
holes
penetration and soil aeration. It has been shown that
60% of earthworm's paths at soil depth of 15 cm and
18% of earthworm's paths at soil depth of 80 cm have
been covered by tree roots (Rahmani and Saleh Rastin,
2000). Results of some studies on castings (worm

in path of earthworms increases water

dung) indicate abundance and diversity of fungal
species (Groffman et al., 2004); bacterial plate counts,
moisture content and concentrations of soluble
organic-C are higher than the adjacent soil (Valckx et
al., 2006). Moreover, most of the physico-chemical
characteristics of castings are more than those of the
underlying soil in both arable and natural vegetation
areas. Earthworms have the highest biomass of earthen
invertebrates. Also they cause remarkable increase in
soil microorganisms and have an important effect on
soil invertebrate's diversity and feed cycle (Rahmani
and Saleh Rastin, 2000; Groffman et al., 2004).

Natural disturbances represent the key factor in
natural forest dynamics (Frelich, 2002; Janasova et al.,
2010).
disturbances are considered as an important part of
soil ecosystem and plant communities dynamics
(Samonil et al., 2009; Kooch and Hosseini, 2010). The
most important type of disturbsnces in the temperate
forests is blowdowns connected with the direct
disturbance of soils (Kooch et al., 2010). Tree
uprooting has important influences on forest ecology
and implications for forest management (Phillips et al.,

In the concept of disturbance ecology,

2008). Trees uprooting and pit and mound landscape
creating is in general more likely in shallower and
wetter soils, or where restrictive horizons limit root
penetration. However, the size of trees seems to be
more important than soil characteristics with respect
to both the likelihood of uprooting and the amount of
soil disturbed (Peterson, 2007). In general, consistent
positive relationships exist between tree diameter and
blowdown risk, and uprooting and wind damage
varies among species, related to wood strength,
rooting habit, and other factors. Shallow rooting
increases wind throw vulnerability (Phillips et al.,
2008). With considering mountainous position of

hyrcanian forests in northern Iran and presence of
trees with high diameters (old trees), therefore, it is
imagined that many of trees are prone to uprooting by
windthrow event.

It is now well known that forest disturbances
generally result in significant variability of earthworm
populations in temperate landscapes (Hendrix and
Bohlen, 2002; Kooch and Hosseini, 2010) with
significant ecological implications for ecosystem
functioning (Barros et al., 2004; Gonzalez et al., 2006).
Consequently, earthworms should serve as good
indicators of environmental changes that occur by
disturbance (Decaens and Jimenez, 2002; Tondoh et
al., 2007; Kooch and Hosseini, 2010). Relationships
of earthworms and soil properties
well-documented for agricultural systems (Lamande et
al., 2003; Decaens et al., 2004; Winsome et al., 2006)
and forests (Whalen, 2004; Marhan and Scheu, 2005;
Heneghan et al., 2007). In comparison, few studies

have been

have examined the density and biomass of earthworms
in disturbed soils (Kooch and Hosseini, 2010). Up to
now, however, only few studies (Haynes et al., 2003;
Dlamini and Haynes, 2004) have simultaneously
studied changes in earthworm communities and soil
parameters, in response to forest disturbance in Iran
(Kooch and Hosseini, 2010). It is not clear whether
earthworm populations are mainly controlled by the
amount of food, its quality, or the chemical properties
of their environment (Aubert et al., 2003; Scheu et al.,
2003; Gonzalez et al., 2003). Therefore, determining
the relation among earthworm's biomass and diversity
with created microsites by uprooting trees (pit and
mound landscape) and edaphic conditions are essential
for management of forest ecosystems. The present
study is intended to address these issues by: (i)
assessing the impact of forest disturbance on
earthworm assemblages along a gradient of pit and
mound landscape, and (ii) identifying soil variables
associated with changes in earthworm abundance and
diversity. Specifically, two main hypotheses were
tested: (i) significantly
change along the pit and mound landscape and, (ii)
soil water content is the main driver of earthworm
assemblage change.

earthworm communities
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2 Material and Methods

2.1 Study site

This research was conducted in experimental forest
station of Tarbiat Modares University located in a
temperate forest of Mazandaran province in the north
of Iran, between 36°31° 56N and 36°32°11"N latitudes
and 51°47 49'E and 51°47 56E longitudes. The
maximum elevation is 1700 m and the minimum is
100 m. Minimum temperature in December (6.6°C)
and the highest temperature in June (25°C) are
recorded, respectively. Mean annual precipitation of
the study area were from 280.4 to 37.4 mm at the
Noushahr city metrological station, which is 10Km far
from the study area. For performing this research, a
limited area of reserve parcel (relatively undisturbed)
considered that was covered by Fagus orientalis and
Carpinus betulus dominant stands. This limitation had
an inclination 60~70 percent with northeast exposure
at 546~648 m a.s.l. Bedrock is limestone-dolomite
with silty-clay-loam soil texture. Presence of logged
and bare roots of trees is indicating rooting restrictions
and soil heavy texture (Kooch et al., 2010).

2.2 Soil sampling and analysis

Due to, twenty hectare areas of experimental forest
station of Tarbiat Modares University studied and
numbers of thirty four uprooted trees were found. In
the all of areas, the pit and mounds resulted from the
fall of a single tree. Pits needed to be at least 0.3 m
above the general soil surface and mounds 0.3 below
(Scharenbroch and Bockheim, 2007). For this purpose,
Five microsites were distinguished including mound
top, mound wall, pit bottom, pit wall and closed
canopy. Soil samples were taken at 0~15 cm, 15~30
cm and 30~45 cm depths from all microsites using
core soil sampler with 81 cm® cross section (Rahmani
and Zare Maivan, 2004). Large live plant material
(root and shoots) and pebbles in each sample were
separated by hand and discarded. The air-dried soil
samples were sieved (aggragates were crushed to pass
through a 2 mm sieve) to remove roots prior to
chemical analysis. Soil pH (with an electrode), water
content (by drying soil samples at 105°C for 24
hours), organic carbon (Walkey and Black method),
total nitrogen (Kjeldahl method) measured in the
laboratory (Jafari Haghighi, 2003).

2.3 Earthworm's samping and identification

The earthworms were collected simultaneously with
the soil sampling by hand sorting, washed in water
and weighed with mili gram precision. Species of
earthworms were identified (epigeic, anecic, and
endogeic) by external characteristics using the key of
BOUCH (Kooch and Hosseini, 2010). Epigeic worms
feed on plant litter, dwell on the soil surface or within
the litter layer, tend to be heavily pigmented, and are
small to medium sized. Anecic worms feed on plant
litter and soil, live in nearly vertical permanent
burrows, are dorsally pigmented, and large. Endogeic
species are soil-feeders, are not heavily pigmented,
from extensive horizontal burrow systems, and range
in size form small to large. Earthworm species do not
always fall clearly into these three main categories and
may even exhibit traits of different groups at different
life stages or under different environmental conditions
(Kooch and Jalilvand, 2008). Biomass was defined as
the weight of the worms after drying for 48 hours on
filter paper at room temperature (60°C) ( Kooch and
Hosseini, 2010).

2.4 Statistical analysis

Normality of the checked by
Kolmogrov-Smirnov test and Levene test was used to
examine the equality of the variances. Differences

variables was

between pit and mound microsites and depths in soil
characteristics were tested with two-way analysis
(ANOVA) using the General Linear Model (GLM)
procedure, with microsites (mound top, mound wall,
pit bottom, pit wall and closed canopy) and depths
(0~15 cm, 15~30 cm and 30~45 cm) as independent
factor. Interactions between independent factors were
tested also. Duncan test was used to separate the
averages of the dependent variables which were
affected by
differences among treatment averages for different
parameters were tested at P< 0.05. Nonparametric
Kruskal-Wallis analysis of variance was used to find

significantly treatment.  Significant

differences in earthworm's density and biomass of
microsites, beacsuse in some cases there was no
homogeneity of variance. Analyses of whole data were
done in SPSS Ver. 11.5 of statistical program. Factor
analysis is statistic technique for achievement to
complex relationships among variables. For this
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purpose, relationships between microsites, earthworm's
assemblage and soil parameters were analysed by
Principle Component Analysis (Mc Cune and Mefford,
1999).

3 Results

3.1 Soil characters

The greatest value of water content resulted in pit
bottom and beneath layers of soil and the least was
detected top and O0-15cm depth.
Significantly statistical differences (P < 0.01) were
considered for this character (Table 1). Soil pH was

in  mound

significantly (P < 0.01) higher in mound wall and top.
Fewer amounts were found in pit bottom (Table 1).
Organic matter and carbon significantly (P < 0.01)
increased in pit bottom whereas the least was observed
in mound wall. These characters were decreased with
increasing of soil depth (Table 1). Compare mean of
total nitrogen in the microsites and depths indicated
that pit bottom and 0-15cm depth had the higher
amounts (P < 0.01) than in the others. Mound wall
and 30-45cm depth includes the least value (Table 1).
Greater amounts of carbon to nitrogen ratio were
found in mound wall and 30-45cm depth whereas pit
bottom had lower values, significantly (P < 0.01)
(Table 1).

3.2 Ecological groups of earthworms

of data that abundance of
earthworm's ecological groups had significant
differences among microsites and soil depths (Table 2).

Analysis showed

Earthworm's (epigeic, anecic and endogeic) density
and biomass had more amounts in pit bottom whereas,
no earthworms found in mound top and wall
(Table 2).
indicating that epigeic gathered in 0~15 cm depth,
anecic preferred 15~30 cm and endogeic were

microsites Studying of soil depths

assemblaged in soil deeper layers (Table 2).
3.3 Principal component analysis (PCA)

Principle component analysis showed that percentages
of eigenvalue for the first and second axis are about
90.691% and 8.71%, respectively. These two axes are
indicating 99.41% of total variance (Table 3).
Eigenvectors of soil
presented in table 4. PCA bibplots of microsites, soil
characters and earthworm showed in figure 1. As can

characters for these axes

10

be seen in this figure, the mound top and wall have
different condition in comparison to the others. These
microsites involve quarter 3 of principal components.
Whereas, pit bottom and wall presented different
position than in closed canopy and captured quarters 4
and 1, respectively. Closed canopy was located in
quarter 2 of axis. Earthworm's assemblage in quarter 4
components indicating more
appropriate condition of soil ecosystem in pit bottom
microsite.

of  principal is

4 Discussion

This research has confirmed the significant effect of
different microsites and soil depths on earthworm
abundance and biomass. Earthworms are sensitive to
acid condition and theirs abundance are decreased
with reducing of soil pH (Tondoh et al., 2011).
According to previous studies, earthworms are
interested in buffer condition of soil pH (Neirynck et
al., 2000; Kooch and Jalilvand, 2008; Kooch et al.,
2009; Kooch and Hosseini, 2010). The result of
Deleporte (2001) research pointed that soil pH is an
effective agent on earthworm's population. In current
study, the pit microsites presented lower pH in
comparison to the other microsites. Whereas, higher
densities of earthworms were found in these
microsites, also. Although, soil pH was less acid on
mound microsite, but earthworms population were
assemblaged in pit microsites. As can be seen in table
1, pit bottom includes more amounts of soil water
content. Water constitutes 80 to 90% of the body
weight of earthworms (Kooch and Hosseini, 2010), so
soil moisture are essential for theirs live and will kill
by reason of soil drying (Kooch and Hosseini, 2010;
Na et al., 2011; Snyder et al., 2011; Scharenbroch and
Johnston, 2011). Regarding to water content of 58.52 %
in pit bottom, this amount is due to more assembelage
of earthworm's different groups. Mounds creats hilly
surfaces on superficial soil and include more soil
volume and temperature in compare to other surfaces
(Londo, 2001; Kooch et al., 2008). On the other hand,
soil temperature is effcetive on density and biomass of
earthworms and distribution (Kooch et al., 2008).
Therefore, low moisture and high temperature created
fatal conditions for earthworms on mound microsite

(Nachtergale et al., 2002). By this reason, no
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Table 1 Mean of soil characters in pit and mound microsites and soil depths

Variables / characters Water content pH Organic Organic Total C/N ratio
(%) Matter (%) carbon (%) Nitrogen (%)
Mound top 11.86 (0.12)e 6.91 (0.05)a 3.47(0.01)d  2.00(0.00)d  0.11 (0.00)d 17.55 (0.09)b
Mound wall 12.92 (0.16)d  6.96 (0.04)a 338(0.0)e  1.96(0.00)e  0.10 (0.00)e 18.39 (0.12)a
£ Pitwall 51.95(0.13)b 651 (0.04)bc  3.96 (0.03)b  2.35(0.01)b  0.15(0.00)b 15.54 (0.05)d
é Pit bottom 58.52 (0.21)a 6.38 (0.04)c 551(0.01)a  3.20(0.00)a  0.20 (0.00)a 15.41 (0.06)d
2 Closed canopy  40.69 (0.18)c 6.62 (0.04)b 3.68(0.02)c  2.14(0.01)c  0.13 (0.00)c 16.38 (0.10)c
F-value 23064.18"" 26.74" 5139.57" 8255.46" 3025.96" 255.06"
0-15 3473 (1.50)b  6.66 (0.04) 4.11 (0.06) 239(0.04)a  0.15(0.00)a 16.36 (0.11)c
g 15-30 35.30 (1.50) 6.70 (0.04) 3.94 (0.05) 2.31(0.03)b  0.14 (0.00)b 16.56 (0.11)b
% 30-45 35.53 (1.49)a 6.68 (0.03) 3.94 (0.05) 2.29(0.03)c  0.13 (0.00)c 17.04 (0.11)a
S F-value 13.64" 0.27" 105.70" 150.01" 133.94" 31.76"
& Interaction 22.85" 0.25™ 131.54™ 198.89™ 59.71" 11.147

Note: ** Different is significant at the 0.01 level. (ns): Non significant differences (P > 0.05); Values are the

means +St. error of the mean; Within the same column the means followed by different letters are statistically
different (P < 0.05)

Table 2 Kruskal-Wallis analysis for earthworm's density and biomass

Earthworm groups / variables Epigeic Anecic Endogeic
Density Biomass Density Biomass Density Biomass
(n/m?) (mg/m?) (n/m?) (mg/m?) (n/m?) (mg/m?)
Microsites Mound top 0.00 0.00 0.00 0.00 0.00 0.00
Mound wall 0.00 0.00 0.00 0.00 0.00 0.00
Pit wall 0.00 0.00 0.26 2.49 0.66 6.86
Pit bottom 1.11 11.30 0.92 10.04 1.79 20.55
Closed canopy 0.33 3.21 0.66 4.88 0.92 8.13
Statistical Chi square 128.08 127.86 207.13 206.43 388.13 406.02
characters DF 4 4 4 4 4 4
Sig. 0.00” 0.00"" 0.00” 0.00"" 0.00"" 0.00""
Soil depths 0-15 0.78 7.76 0.45 423 0.35 3.61
(cm) 15-30 0.08 0.94 0.65 6.22 0.63 6.70
30-45 0.00 0.00 0.00 0.00 1.04 10.99
Statistical Chi square 132.14 130.42 124.54 118.90 37.33 2591
characters DF 2 2 2 2 2 2
Sig. 0.00™ 0.00" 0.00™ 0.00™ 0.00"" 0.00""

earthworms were found in mound microsite of current
research. The distribution of the earthworm population
was dynamic, but overall distribution was closely

moisture shortage and extreme temperature variability
are the most important of the major limiting factors
for earthworm dispersal. High temperature is often
linked to temperature and moisture with dramatic
reductions of earthworm numbers associated with very
dry conditions. Suthar (2011) pointed that soil

associated with soil moisture shortage and therefore
earthworm mortality in hyrcanian forests soils of Iran
has been attributed to soil moisture shortage rather

11
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Table 3 Statistical parameters resulted in PCA for soil

characters

Axes Eigenvalue Percentage of Cummulative
variance variance

1 5.44 90.69 90.69

2 0.52 8.71 99.41

3 0.03 0.55 99.97

4 0.00 0.03 100.00

Table 4 Eigenvectors of soil characters for the PCA axes

Row Soil characters Axis 1 Axis 2
1 pH -0.07 -0.00
2 Organic matter 0.42 -0.05
3 Organic carbon 0.42 -0.04
4 Total nitrogen 0.59 -0.02
5 C/N ratio -0.15 -0.01
6 Water content 1.22 0.11
Closed canopyg OPitwal

-1 1 ¥ Endogeic denisty
@®@Mound top Endogeic biomass

@Mound wall Pit bottom

Epigeic density @
Epigeic biomass

Figure 1 PCA bibplots of microsites, soil characters and

earthworm species

than to temperature extremes (Kooch et al., 2008).
The
landscape patterns are probably responsible for the
earthworm colonization in this region.

soil moisture availability and diversified

High assemblage of earthworm biomass within pit is
related to earthworm's Some of
earthworms are semi-aquatic and prefer positions with
high water content (Schwert, 1990; Kooch et al.,
2008). Nachtergale et al (2002) pointed that the
increase of epigeics biomass in pits is a reaction to

more assemblage of trees litters within this microsite.

higrophillous.

Pits creation in forest ecosystem produce an especial
condition as is due to increase of litter thickness and
water content, thus the epigeics biomass will increase.
Many researchers claimed that less abundance of
earthworms in acid condition is related to lack of

12

calcium ion in soil ecosystem (Sanjabi, 2004). The
most earthworms especially anecic, prefer rich
environments of nutrient source with lower carbon to
nitrogen ration. Endogeic and anecic species are more
resistance to soil inpropre textures and are able to
withstand dry conditions (Kooch and Jalilvand, 2008).
Thus, these species are able to migration in soil deeper
depths for avoiding of dryness (Hale and Host, 2005).
Whereas epigeic species are more asseblaged on soil
surface and upper layers of mineral soil (Hale and
Host, 2005). These subjects are visible in this study
also. According to obtained results the epigeic, anecic
and endogeic species were more gathered in 0~15 cm,
15~30 cm and 30~45 cm depths, respectively.

Soil C/N ratio is the other effective factor that
can be considered in relation to earthworms'
groups' assemblage of different positions.
Wood (1995) found that earthworm population
and biomass will increase in soil with low C/N
ratio. Rahmani (1999) also pointed that
earthworm densities are affected by C/N ratio,
as earthworms assemblages are reduced with
increasing of this ratio. Neyrinck et al (2000)
reported that the low C/N ratio in soil
ecosystem is due to gathering of different
earthworms. Antunes et al (2008) demonstrated
soil C/N ratio as an abiotic factor and the most
important effective factor on earthworm's
populations in forest sites. Kooch et al (2009)
introduced the soil C/N ratio factor as the most
important of effective factor on earthworm
populations in plant ecological groups of
Chalous lowland forests located in north of
Iran. In our study, the least amounts of soil C/N
ratio found 1in pit position, thus more
earthworms' densities were detected in this
microsite.  Principal component analysis
confirmed the accuracy of above phrase. Also,
earthworms abundance were correlated to theirs
biomass (r 0.99) that is according to
obtained results in Haynes et al (2003)
research. The analysis of factor analysis in this
research showed that the earthworm's
assemblage in quarter 4 of principal
components is indicating more proper condition
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of soil ecosystem in pit bottom microsite. A
statistical result is indicating that high water
content and low C/N ratio in pit position are the
most effective factors for gathering of
earthworm groups. Whereas, the soil dryness is
the most important factor in mound landscape,
negatively.

5 Conclusion
According to results, members of the Lumbricidae
family require an adequate amount of moisture in their
environment and therefore rarely occur in dry regions.

the
in microhabitats with

In general, earthworms showed a patchy

distribution abundant soil
moistures contents. Also, earthworm abundance in
different habitats was related to the C/N ratio contents
in soils. Earthworms are introduced as a good bio-
indicator for forest site quality in disturbed regions.
Consequently, they can therefore be considered as

potential indicators of soil quality.

References

Antunes S.C., Pereira R., Sousa J.P., Santos, M.C., and
Goncalves F., 2008, Spatial and temporal distribution of
litter arthopods in different vegetation covers of Porto
Santo Island (Madeira Archipelago, Portugal), European
Journal of Soil Biology, 44: 45-56
http://dx.doi.org/10.1016/.¢jsobi.2007.08.016

Aubert M., Hedde M., Decaens T., Bureau F., Margerie P., and
Alard D., 2003, Effects of tree canopy composition on
earthworms and other macro-invertebrates in beech forests
of upper Normandy (France), Pedobiologia, 47(1):
904-912
http://dx.doi.org/10.1078/0031-4056-00279

Bardgett R.D., Bowman W.D., Kaufmann R., and Schmidt S.K.,
2005, A temporal approach to linking aboveground and
belowground ecology, Trends Ecol. Evol., 20: 634-641
http://dx.doi.org/10.1016/j.tree.2005.08.005
PMid: 16701447

Barros E., Grimmaldi M., Sarrazin M., Chauvel A., Mitja D.,
Desjardins T., and Lavelle P, 2004, Soil physical
degradation in macrofaunal communities in Central
Amazon. Appl. Soil Ecol., 26: 157-168
http://dx.doi.org/10.1016/j.aps0il.2003.10.012

Brown G.G.,, Edwards C.A., and Brussaard L., 2004, How
carthworms effect plant growth: burrowing into the
mechanisms, In: Edwards CA (Ed) Earthworm ecology,
pp-13-49

Decaens T., and Jimenez J.J., 2002, Earthworm communities

13

under an agricultural intensification gradient in Colombia,
Plant Soil, 240: 133-143
http://dx.doi.org/10.1023/A:1015844610604

Decaens T., Jimenez J.J., Barros E., Chauvel A., Blanchart E.,
Fragaso C., and Lavelle P. 2004, Soil macrofaunal
communities in permanent pastures derived from tropical
forest or savanna, Agric. Ecosyst. Environ., 103: 301-312
http://dx.doi.org/10.1016/j.agee.2003.12.005

Deleporte S., 2001, Changes in the earthworm community of
an acidophilus lowland beech forest during a stand
rotation, Soil Biology, 37: 1-7

Dlamini C.T., and Haynes J.R., 2004, Influence of agricultural
land use on the size and composition of earthworm
communities in northern KwaZulu-Natal, South Africa,
Appl. Soil Ecol., 27: 77-88
http://dx.doi.org/10.1016/j.aps0il.2004.02.003

Edwards C.A., 2004, Earthworm ecology, Edwards C.A., and
Bohlen P.J., 1996, Biology and ecology of earthworms,
CRC, Boca Raton, London, pp.441

Frelich L.E., 2002, Forest dynamics and disturbance regimes,
Cambridge University Press, Cambridge, UK, pp.280
http://dx.doi.org/10.1017/CBO9780511542046

Gonzalez G., Huang Y.C., Zou X., and Rodriguez C., 2006,
Earthworm invasions in the tropics, Biol. Invasions., 8:
1247-1256
http://dx.doi.org/10.1007/s10530-006-9023-7

Gonzalez G., Seastedt T.R., and Donato Z., 2003, Earthworms,
arthropods and plant litter decomposition in aspen and
lodge pole pine forests in Colorado, USA, Pedobiologia,
47(2): 863-869
http://dx.doi.org/10.1078/0031-4056-00272

Groffman M.P., Bohlen J.P., Fisk C.M., and Fahey J.T., 2004,
Exotic earthworm invasion and microbial biomass in
temperate forest soils, Ecosystems, 7: 45-54
http://dx.doi.org/10.1007/s10021-003-0129-9

Hale C. and Host E., 2005, Assessing the impacts of European
earthworm invasions in beech-maple hardwood and
aspen-fir boreal forests of the western Great Lakes region,
National park service Great Lakes inventory and
monitoring network report GLKN/11, pp.54

Haynes R.J., Dominy C.S., and Graham M.H., 2003, Effect of
agricultural land use on soil organic matter status and the
composition of earthworm communities in kwazulu-natal,
South Africa. Agriculture, Ecosystems and Environment,
95: 453-464
http://dx.doi.org/10.1016/S0167-8809(02)00223-2

Hendrix PF., and Bohlen PJ., 2002, Exotic earthworm
invasions in North America: ecological and policy
implications, Bioscience, 52: 801-811



Molecular Soil Biology (online), 2013, Vol. 4 No.2, 7-15

ISSN 1925-2005
http://msb.sophiapublisher.com

BioPublisher®

http://dx.doi.org/10.1641/0006-3568(2002)052[0801:EEII
NAJ2.0.CO;2

Heneghan L., Steffen J. and Fagen K., 2007, Interactions of an
introduced shrub and introduced earthworms in Illinois
urban woodland: impact on leaf litter decomposition,
Pedobiologia, 50: 543-551
http://dx.doi.org/10.1016/j.pedobi.2006.10.002

Jafari Haghighi M., 2003, Methods of soil sampling and
analysis, Nedaye Zohi Publications, pp.236 (In Persian)

Janasova M., Evarova E., and Cudin P., 2010, Western
Carpathian Mountain spruce forest after a windthrow:
natural regeneration in cleared and uncleared areas, Forest
Ecology and Management, 259: 1127-1134
http://dx.doi.org/10.1016/j.foreco.2009.12.027

Kooch Y., and Hosseini S.M., 2010, Response of earthworm's
biomass and diversity to windthrow events and soil
properties in Hyrcanian forests of Iran, Folia oecologica,
37: 57-66

Kooch Y., and Jalilvand H., 2008, Earthworms as ecosystem
engineers and the most important detritivors in forest soils
(Review), Pakistan Journal of Biological Sciences, 11:
819-825
http://dx.doi.org/10.3923/pjbs.2008.819.825
PMid: 18814642

Kooch Y., Hosseini S.M., Mohammadi J., and Hojjati S.M.,
2010, The eftects of gap disturbance on soil chemical and
biochemical properties in a mixed beech-hornbeam forest
of Iran, Ecologia Balkanica, 2: 39-56

Kooch Y., Jalilvand H., Bahmanyar M.A., and Pormajidian
M.R., 2009, Abundance, biomass and vertical distribution
of earthworms in ecosystem units of Hornbeam forest,
Journal of Biological Sciences, 8: 1033-1038
http://dx.doi.org/10.3923/jbs.2008.1033.1038

Kooch Y., Jalilvand H., Bahmanyar M.A., and Pormajidian
M.R., 2008, Distribution of earthworms and theirs relation
with some soil properties in ecosystem units of Chalous,
Pajouhesh o Sazandegi Journal, 83: 18-27 (In Persian)

Lamande M., Hallaire V., Curmi P., Peres G., and Cluzeau D.,
2003, Changes of pore morphology, infiltration and
earthworm community in a loamy soil under different
agricultural managements, Catena, 54: 637-649
http://dx.doi.org/10.1016/S0341-8162(03)00114-0

Laossi K.R., Ginot A., Noguera D.C., Blouin M., and Barot S.,
2010, Earthworm effects on plant growth do not
necessarily decrease with soil fertility, Plant soil, 328:
109-118
http://dx.doi.org/10.1007/s11104-009-0086-y

Londo A.J.,, 2001, Bucket mounding as a mechanical site
preparation technique in wetlands, NIAF,18: 7-13

14

Marhan S., and Scheu S., 2005, Effects of sand and litter
availability on organic matter decomposition in soil and in
casts of Lumbricus terrestris L., Geoderma, 128: 155-166
http://dx.doi.org/10.1016/j.geoderma.2004.07.001

Mc Cune B., and Mefford M., 1999, Multivariate Analysis of
Ecological data Version 4.17, MJM Software, Gleneden
Beach, Oregon, USA, pp.233

Na Y.E., Bang H.S., Kwon S.I., Kim, M.H., and Ahn Y.J., 2011,
Hazardous effects of eight years of application of four
organic waste materials on earthworm numbers and
biomass in field lysimeters, Arch. Environ. Contam.
Toxicol., 60: 99-106
http://dx.doi.org/10.1007/s00244-010-9527-0
PMid:20437041

Nachtergale L., Ghekiere K., Schrijver A.D., Muys B., Lussaert
S., and Lust N., 2002, Earthworm biomass and species
diversity in windthrow sites of a temperate lowland forest,
Pedobiologia, 46: 440-451
http://dx.doi.org/10.1078/0031-4056-00151

Nechitaylo T.Y., Yakimov M.M., Godinho M., Timmis K.N.,
Belogolova E., Byzov B.A., Kurakov A.V., Jones D. L.,
and Golyshin P.N., 2010, Effect of the Earthworms
Lumbricus terrestris and Aporrectodea caliginosa on
Bacterial Diversity in Soil, Microb. Ecol., 59: 574-587
http://dx.doi.org/10.1007/s00248-009-9604-y
PMid:19888626

Neirynck J., Mirtcheva S., Sioen G., and Lust N., 2000, Impact
of Tilia platyphyllos Scop. Fraxinus exceslsior L., Acer
pseudoplatanus L., Quercus robur L., and Fagus sylvatica
L. on earthworm biomass and physico-chemical properties
of loamy topsoil, Forest Ecology and Management, 133:
275-286
http://dx.doi.org/10.1016/S0378-1127(99)00240-6

Peterson C.J., 2007, Consistent influence of tree diameter and
species on damage in nine eastern North America tornado
blow downs, Forest Ecology and Management, 250:
96-106
http://dx.doi.org/10.1016/j.foreco.2007.03.013

Phillips J.D., Marion D.A., and Turkington A.V., 2008,
Pedologic and geomorphic impacts of a tornado blow
down event in mixed pine-hardwood forest, Catena, 75:
278-287
http://dx.doi.org/10.1016/j.catena.2008.07.004

R, 1999,
invertebrates and their relations with Neka forest types,
PhD thesis, Tarbit Modares University, pp.117 (In Persian)

Rahmani R. 2000, Study of earth invertebrate's abundance and
their relation with major forest types in Neka, Ph.D. thesis

Tarbiat

Rahmani Investigation biodiversity of soil

of forest sciences, Modarres  University,



Molecular Soil Biology (online), 2013, Vol. 4 No.2, 7-15

ISSN 1925-2005
http://msb.sophiapublisher.com

r
Y.

BioPublisher®

Mazandaran, Iran, pp.23-45 (In Persian).

Rahmani R., and Saleh Rastin N., 2000, Abundance, vertical
distribution and seasonal changes in earthworm abundance
of Oak-Hornbeam, Hornbeam and Beech forests in Neka,
Caspian forests, Iran,Iranian J. Natural Res., 53: 37-52 (In
Persian)

Rahmani R., and Zare Maivan H., 2004, Investigation diversity
and structure of soil invertebrate in relation to beech,
hornbeam and oak-hornbeam forest types, Natural
Resources Journal of Iran, 56: 425-437 (In Persian)

Samonil P., Antolik L., Svoboda M., and Adam D., 2009,
Dynamics of windthrow events in a natural fir — beech
forest in the Carpathian Mountains, Forest Ecology and
Management, 257: 1148-1156
http://dx.doi.org/10.1016/j.foreco.2008.11.024

Sanjabi A.A., 2004, Soil biology and biochemical, Boalisina
University Publications, pp.383 (In Persian)

Scharenbroch B.C., and Bockheim J.G., 2007, Pedodiversity in
an old-growth northern hardwood forest in the Hurton
Mountains, Upper Peninsula, Michigan, Canadian Journal
of Forest Research, 36: 1106-1117
http://dx.doi.org/10.1139/X06-312

Scharenbroch B.C., and Johnston D.P., 2011, A microcosm
study of the common night crawler earthworm (Lumbricus
terrestris) and physical, chemical and biological properties
of a designed urban soil, Urban Ecosyst., 14: 119-134
http://dx.doi.org/10.1007/s11252-010-0145-4

Scheu S., Albers D., Alphei J., Buryn R., Klages U., Migge S.,
Platner C., and Salamon J., 2003, The soil fauna
community in pure and mixed stands of beech and spruce
of different age: tropic structure and strutting forces,
Oikos, 110(1): 163-169

Schwert D.P., 1990, Oligochaeta: Lumbericidae, In: Soil
Biology Guide. Ed., Dindal D.L, John Wiley and Sons,
New York, pp.341-356

Snyder B.A., Callaham M.A., Paul J.R., and Hendrix F., 2011,
Spatial variability of an invasive earthworm (Amynthas
agrestis) population and potential soil

impacts on

characteristics and millipedes in the Great Smoky

15

Mountains National Park, USA, Biol. Invasions, 13:
349-358
http://dx.doi.org/10.1007/s10530-010-9826-4

Suthar S., 2011, Earthworm biodiversity in western arid and
semiarid lands of India, Environmentalist, 31: 74-86
http://dx.doi.org/10.1007/s10669-011-9308-y

Szlavecz K., McCormick M., Xia L., Saunders J., Morcol T.,
Whigham D., Filley T., and Csuzdi C., 2011, Ecosystem
effects in  Mid-Atlantic
deciduous forests, Biol. Invasions, 13: 1165-1182
http://dx.doi.org/10.1007/s10530-011-9959-0

Tondoh E.J., Guei A.M., Csuzdi C., and Okoth P., 2011, Effect
of the
semi-deciduous forests of Central-West Ivory Coast,
Biodivers Conserv., 20: 169-184
http://dx.doi.org/10.1007/s10531-010-9953-3

Tondoh E.J., Monin M.L., Tiho S., and suzdi C., 2007, Can
earthworms

of non-native earthworms

land-use on earthworm assemblages in

be used as bio-indicators of land-use
perturbations in semi-deciduous forest? Biol. Fertil. Soils,
43: 584-592
http://dx.doi.org/10.1007/s00374-006-0144-z

Valckx J., Hermy M. and Muys B., 2006, Indirect gradient
analysis at different spatial scales of prorated and
nonprorated earthworm abundance and biomass data in
temperate agroecosystems, European J. Soil Biol., 42:
341-347
http://dx.doi.org/10.1016/j.ejsobi.2006.09.002

Whalen J.K., 2004. Spatial and temporal distribution of
earthworm patches in cornfield, hayfield, and forested
systems of southwestern Quebec, Canada, Appl. Soil Ecol.,
27:143-151
http://dx.doi.org/10.1016/j.aps0il.2004.04.004

Winsome T., Epstein L., Hendrix P.F., and Horwath W.R., 2006,
Competitive interactions between native and exotic
earthworm species as influenced by habitat quality in a
California grassland, Appl. Soil Ecol., 32: 38-53
http://dx.doi.org/10.1016/j.aps0il.2005.01.008

Wood M., 1995, Environmental soil biology, 2nd, Blackie
Academic and professional, Glasgow, pp.150



