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Abstract

The Hyrcanian forests as an ancient and one of the most unique temperate deciduous broadleaved forests in the world are
located partly in the north of Iran near the Caspian Sea. Collembola as a major group of soil animals have never been studied
in the Hyrcanian forests. We investigated the Collembola fauna of the Semeskandeh forest as a part of the Hyrcanian forests in
northern Iran (Mazandaran province) in different soil horizons as well as in different seasons to gain insight into the diversity
and dynamics of the Collembola community. Samples from leaf litter (O, horizons), 0-3 and 3-6 cm of the mineral soil
(A, horizon) were assessed in two-month intervals during one year (2012-2013). A total of 20 species belonging to 16 genera and
9 families were identified. Heteromurus major (Moniez, 1889) was most abundant and the species Lipothrix lubbocki (Tullberg,
1872), Heteraphorura japonica (Yosii, 1967), Sminthurus cf. ghilarovi Stebaeva, 1966, Paralipothrix cf. natalicius (Ellis, 1974),
Dicyrtoma cf. ghilarovi Bretfeld, 1996 and two Sphaeridia spp. were recorded for the first time for the Iranian Collembola fauna.
Abundance of Collembola was highest in leaf litter in winter (January) and lowest in 3—6 c¢m soil depth in summer (July). Species
diversity was highest in winter in leaf litter and low in summer particularly deeper in soil. Overall, the depth distribution of
Collembola resembled that of temperate forests, whereby seasonal dynamics differed with highest densities in winter, indicating
that reduced moisture in summer functions as a major determinant factor. The results provide for the first time information on the
diversity and dynamics of an important decomposer animal taxon in an endangered forest system of southwest Asia.
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1. Introduction

The Hyrcanian forests are located in the north of Iran
near the Caspian Sea (Hosseini 2006). Hyrcanian forest
ecosystems are considered to be among the most important
and unique temperate deciduous broadleaved forests in
the world (Haghdoost et al. 2011). These mesic deciduous
forests are characterized by a closed canopy, in contrast to
the arid and semi-arid steppe landscapes characterizing
most of Iran. It extends from the Talish region southeast
of the Republic of Azerbaijan to the Golestan Province in
northeast Iran and covers approximately 50,000 km?. The
forest forms an important refuge for a number of Tertiary

relict species such as Persian ironwood (Parrotia persica)
(Naginezhad et al. 2012). Old-growth northern forests of
Iran are major sources of genetic variation, biodiversity,
commercial woody products and various environmental
services (e.g., ground water reservation, auxiliary forest
products provision, wildlife habitation and erosion
control). Fagus orientalis (Oriental Beech), Carpinus
betulus (European Hornbeam), Acer velutinum (Velvet
Maple), Quercus castaneifolia (Caucasian Oak), Acer
cappadocicum (Cappadocian Maple), Alnus subcordata
(Alder) and Tilia platyphyllos (Large-leaved Linden)
are the most important tree species in these forests
(Haghdoost et al. 2011).
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Collembola (Springtails) are among the most abundant
and species-rich soil animals of forests worldwide and
play an important role in plant litter decomposition,
nutrient cycling, soil microstructure formation and in
modifying plant growth (Parkinson 1988, Petersen 2002,
Filser et al. 2002, Chahartaghi et al. 2006, Steffen et al.
2012). Given the important role of Collembola, many
studies have been conducted characterizing Collembola
communities in different ecosystems including different
types of forests all over the world (Chahartaghi et al.
2006, Mitrovski-Bogdanovic & Blesic 2006, Rodgers &
Kitching 2011, Paul et al. 2011). However, the Collembola
fauna of Iran have received little attention and this
applies in particular to the Hyrcanian forests in northern
Iran. Recent studies on Iranian Collembola documented
the paucity of knowledge on these animals (Yoosefi
Lafooraki & Shayanmehr 2013, Shayanmehr et al. 2013,
Daghighi et al. 2013). Most studies on Collembola in Iran
are qualitative faunistic surveys; virtually no information
is available on diversity and density of these important
soil animals. The present study aims at contributing
to close this gap of knowledge, concentrating on the
unique Hyrcanian forests and providing information on
the density and diversity of Collembola in different soil
layers and their seasonal variation.

2. Materials and methods

2.1. Study Site

The investigations were performed in the Semeskandeh
forest as part of the Hyrcanian forest in the Mazandaran
province of Iran (Fig. 1). In Iran, the Hyrcanian forest
ranges over five provinces from east to west including
North Khorasan Province, Golestan Province, Mazandaran
Province, Gilan Province and Ardabil Province. In the
Mazandaran Province, the Hyrcanian forest covers a total
area of about 965,000 ha. Semeskandeh is located 5 km
southeast of Sari (capital of Mazandaran Province), south
of the Sari — Neka road. The forest covers an area of about
1000 ha, ranging in altitude between 50 and 190 m above
sea level. The Semeskandeh forest has been protected as
a wildlife refuge for more than 40 years and is managed
by the Iranian Department of Environment. Most of the
Semeskandeh area belongs to a Pleistocene alluvial plain.

The Hyrcanian forest in Iran has a humid climate and
is affected by the Caspian Sea. The climate of the area
is Mediterranean pluviseasonal-oceanic (Djamali et al.
2011). Annual rainfall in Sari is on average 650 mm and
average annual temperature is 15°C (http://www.yr.no/
place/Iran/Mazandaran/Semeskandeh/statistics.html).

Mean maximum temperature in the hottest month (July)
and mean lowest temperature in the coldest month
(January) is 22.2 and 13.0°C, respectively (Naginezhad
et al. 2012). Winters are rainy and cool whilst summers
are hot and dry. Unfortunately, little information on soils
is available for the studied area, but the results of a soil
profile analysis in areas adjoining the Semeskandeh
forest show that the pH is close to neutral, ranging
between 6.2 and 7.9 and electrical conductivity from
0.14 to 1.18 ds m'". Soil texture includes clay, silty clay,
silty clay loam, silty loam and clay loam (Zarrinabad
Forestry, Natural Resource Department, Mazandaran,
unpubl. data). The tree layer is dominated by oak
(O. castaneifolia) and Oriental Beech (F. orientalis)
with interspersed Persian Ironwood (P. persica). The
understory is dominated by Hornbeam (C. betulus). The
forest sites studied were bare of understory vegetation.

2.2. Collembola sampling and analysis

For investigating the Collembola fauna, samples were
taken from soil and leaf litter. Samples of the leaf litter
(O, y; horizons), 0-3 and 3—6 cm soil depth (A, horizon)
were taken using a steel corer of 5 cm diameter. Eight
replicate samples were taken at each of six sampling
campaigns. Replicate samples were spaced at least 10 m
apart and taken at bimonthly intervals in July, September
and November 2012, and in January, March and May
2013. Samples were transported to the laboratory and
Collembola were extracted by heat using a modified
Berlese funnel system. Specimens were collected in
glycerol — water solution (1 : 1), preserved in 75 % ethanol
and separated under a dissecting microscope. Further, to
also cover rare species, additional non-quantitative leaf-
litter and soil samples were taken at every sampling date
and extracted by heat. Permanent microscopic slides
were prepared using Hoyer medium. Specimens were
identified using Gisin (1960), Fjellberg (1980, 1998,
2007), Bretfeld (1999) and Potapov (2001). Collembola
diversity was calculated according to Shannon—Wiener
as H'=-X p.In p, with p, the ratio between the number
of the ith species and the total number of Collembola
for each layer per sampling date (Pielou 1971, Ardakani
2007). Analysis of variance was used for analyzing
variations in the number of Collembola with sampling
data and soil layer. Means were compared using the
least significant difference (LSD) multiple range test at
p <0.01. Prior to statistical analysis data were inspected
for homogeneity of variance using the Levene test and
log (xt1) transformed if necessary. Statistical analyses
were performed using MSTAT-C software version 2.10
for DOS (MSTATC version 2.10, 1989).
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Figure 1. Map of the Mazandaran province of Iran with the location of the Semeskandeh forest indicated by *.

3. Results
3.1. Species composition

We identified a total of 15 species from 13 genera and
8 families of Collembola by the corer samplings (Tab. 1).
Among the 15 collected species Lipothrix lubbocki
(Tullberg, 1872) and Heteraphorura japonica (Yossi,
1967) were recorded for the first time in Iran. The other 13
species had been recorded previously from other regions
in Iran (Shayanmehr et al. 2013), except Persanura
hyrcanica, which is new to science. By the additional
leaf-litter and soil samples, five more species new to the
fauna of Iran were identified: Sminthurus cf. ghilarovi
Stebaeva, 1966 (Sminthuridae), Paralipothrix cf.
natalicius (Sminthuridae) (Ellis, 1974), Sphaeridia sp.1
and Sphaeridia sp.2 (Sminthurididae) and Dicyrtoma cf.
ghilarovi Bretfeld, 1996 (Dicyrtomidae). Since these five
species were not present in our quantitative samples, they
were excluded from density and diversity estimations.

The quantitative samples indicate that the Collembola
fauna was dominated by Entomobryidae (31 % of total),
with Neanuridae being least abundant (0.5%). Among
the collected species, Heteromurus major (Moniez,
1889) was most abundant (17% of total). Persanura
hyrcanica nov. sp. (Mehrafrooz et al. 2014), a new genus
and species of Neanurinae, was only found in low density
(0.5 %). Notably, with nine species the Collembola fauna
was dominated by Symphypleona.

3.2. Density and diversity

Population density varied from 1847+814 to 5477+1408
ind. m? in the leaf litter, 12734471 to 2484+504 ind. m?
in 0-3 cm and 7644385 to 305741218 ind. m? in 3—6 cm
soil depth (Tab. 2), with the differences between soil
layers being significant (df=2, F=145.1, p <0.001).
Overall, Collembola predominantly colonized the
litter layer (3556+1045 ind. m?), but this varied with
season (Fig. 2). Further, density of Collembola varied
significantly with time (df = 5, F = 43.4, p < 0.001). Total
density was highest in winter (January, 11,019+3131
ind. m?). Thereafter, total density decreased towards
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Figure 2. Seasonal changes in density (ind. m?) of Collembola in
different soil layers. Samples were taken at bimonthly intervals from

July 2012 to May 2013 in the leaf litter (O, . ), 0-3 and 3-6 cm
soil depth. o
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summer (9042+3042 and 6049+1897 ind. m? for March
and May, respectively), stayed at a similar level during
summer (6305+2367 and 579642371 ind. m? for July and
September, respectively) and then started to increase
again towards winter (November, 738841943 ind. m).
Generally, variation in collembolan density in the leaf
litter layer was most pronounced in winter and spring.

As indicated by the Shannon-Wiener index, the
diversity of Collembola in the litter layer (1.16+0.21)
markedly exceeded that in 0—3 (0.86+0.20) and 3—6 cm
soil depth (0.86+0.24) (Fig. 3). In soil, diversity varied
little throughout the year, except in November in 3—6 cm
soil depth (1.02+0.41), where it increased markedly.
Species diversity in the litter layer increased in autumn,
reached a maximum in winter and then decreased in
summer.

According to their vertical distribution in different
soil horizons, species such as Dicyrtoma sp., S. elegans,
C. marginata and L. lubbocki, which predominantly
occurred in leaf litter, were classified as epedaphic or
hemiedaphic, and species such as I. minor, H. japonica
and /. italicus, which predominantly occurred in mineral
soil layers (0—6 cm), were classified as euedaphic.
Species including H. major, S. elegans, I. minor and
C. stercoraria were the most dominant species, with
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H. major being the most dominant species with a peak in
density in the leaf litter in July (Fig. 4). In contrast, the
density of S. elegans and C. stercoraria peaked in winter
and declined continuously until summer. Contrary to
these epedaphic or hemiedaphic species, the density of
the euedaphic 1. minor varied little with time throughout
the year.
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Figure 3. Changes in diversity (/") of Collembola during one year.
Samples were taken at bimonthly intervals from July 2012 to May
2013 in the leaf litter (O, ), the 0-3 and 3-6 cm soil depth.
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Figure 4. Changes in density (ind. m?) of dominant Collembola species during one year. Samples were taken at bimonthly intervals from

July 2012 to May 2013 in the leaf litter (O
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), the 0—3 and 3—6 cm soil depth.
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Table 1. Family, ecomorphological life form and dominance of collembolan species recorded in the Semeskandeh forest (Mazandaran
Province, Iran). Species marked with (*) were collected from additional samples of leaf litter.

Collembola species

Family

Ecomophological life form

Dominance (% of total)

1 Heteromurus major (Moniez, 1889)

2 Sminthurinus elegans (Fitch, 1863)

3 Isotomiella minor (Schéffer, 1896)

4 Ceratophysella stercoraria Stach, 1963
5 Folsomia penicula Bagnall, 1939

6  Heteromurus nitidus (Templeton, 1836)

Entomobryidae
Katiannidae
Isotomidae
Hypogastruridae
Isotomidae

Entomobryidae

7 Isotomurus italicus (Carapelli et al., 1995) Isotomidae

8  Caprainea marginata (Schétt, 1893)
9 Pseudosinella octopunctata Borner, 1901
10 Tomocerus vulgaris (Tullberg, 1871)

11 Heteraphorura japonica (Yosii, 1967)

12 Dicyrtoma sp.

13 Lepidocyrtus sp.

14 Lipothrix lubbocki (Tullberg, 1872)

15 Persanura hyrcanica nov. sp.

16 *Sminthurus cf. ghilarovi Stebaeva, 1966
17 *Paralipothrix cf. natalicius (Ellis, 1974)

18  *Dicyrtoma cf. ghilarovi Bretfeld, 1996

19 *Sphaeridia sp.1

20  *Sphaeridia sp.2

Sminthuridae
Entomobryidae
Tomoceridae
Onychiuridae
Dicyrtomidae
Entomobryidae
Sminthuridae
Neanuridae
Sminthuridae
Sminthuridae
Dicyrtomidae
Sminthurididae

Sminthurididae

Epedaphic

Epedaphic or hemiedaphic
Euedaphic

Hemiedaphic
Hemiedaphic

Epedaphic

Euedaphic

Epedaphic or hemiedaphic
Epedaphic

Epedaphic

Euedaphic

Epedaphic or hemiedaphic
Epedaphic

Epedaphic or hemiedaphic
Hemiedaphic
Hemiedaphic
Hemiedaphic
Hemiedaphic
Hemiedaphic

Hemiedaphic

17

14

14

13

Table 2. Changes in density and diversity of Collembola at three soil depths recorded in the Semeskandeh forest (means + SD).

January March May July September November Average
Density (ind. m?)
Leaf litter 54771408 439441413 26114425 3503+1373 1847+814 35034836 3556+1045
0-3 cm 2484+504 22924861 1465+836 2038+609 24204805 1273471 1995+681
3-6 cm 3057+1218 2354+767 1971+635 764+385 1528+751 2611+635 2047+731
Total 11019+3131 9042+3042  6049+1897  6305+2367  5796+2371 73881943 7600+£2458
Diversity (H")
Leaf litter 1.50+0.1414 1.48+0.18 1.18+0.15 0.91+0.27 0.86+0.24 1.00+0.2727 1.16+0.21
0-3 cm 1.07+0.27 1.06+0.26 0.68+0.15 0.81+0.21 0.92+0.27 0.61+0.06 0.86+0.20
3-6 cm 1.04+0.40 1.04+0.32 0.89+0.19 0.55+0.03 0.60+0.06 1.02+0.41 0.86+0.24
Total 3.63+0.82 3.59+0.77 2.75+0.50 2.28+0.51 2.39+0.59 2.65+0.74 2.88+0.66

Samples were taken in bimonthly intervals from July 2012 until May 2013 in the litter layer (O

LEH

), in 0-3 and 3-6 cm soil depth (A,).
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4. Discussion

Collembola are among the most abundant and diverse
soil microarthropods in virtually any habitat, but in
particular in forest soils, especially old-growth forests
(Hopkin 1997, Addison et al. 2003). The Semeskandeh
forest as a part of the Hyrcanian forest represents an
old-growth forest little disturbed by human activity. In
the present study, the diversity and density of Collembola
in this forest were investigated for the first time. In total
20 Collembola species were identified. Thirteen species
have been previously recorded in Iran, most of which are
distributed widely in the Palaearctic, while a few species
are distributed throughout the Holarcic and some have
a worldwide distribution (Tab. 3). On the other hand,
L. lubbocki, H. japonica, S. cf. ghilarovi, P. cf. natalicius,
D. cf. ghilarovi and two Sphaeridia spp. were recorded
for the first time for the Iranian Collembola fauna.
L. lubbocki is widespread in the Holarctic, typically
occurs in forests, but only in low numbers (Bretfeld 1999),
while H. japonica is an Asian species (Arbea 2014). S. cf.
ghilarovi was collected from leaf-litter of the study site.
Previously, this species had been collected from a mixed
forest in Russia (Bretfeld 1999). Of the genus Sminthurus,
only one species, the cosmopolitan distributed S. viridis,
has been previously recorded from Iran (Khuzestan;

Farrahbakhsh, 1961). P. cf. natalicius was also recorded
for the first time in Iran, but is widespread in Europe
(France, Greece) and northern Africa (Morocco) (Bretfeld
1999). From Sphaeridia, only one species, S. pumilis
(Krausbauer, 1898), had been previously recorded in Iran
from Central, Gilan and Kermanshah (Cox 1982, Kahrarian
et. al. 2012); the two unknown species from this study need
to be described. D. cf. ghilarovi, also recorded for the first
time in Iran, has been found previously in forests in Russia
(Bretfeld 1999).

Collembolan densities varied significantly between
the cool wet season (winter) and the hot dry season
(summer), with Collembola reaching maximum densities
in winter and minimum densities in late summer. It is
known that survival of Collembola is heavily affected by
temperature and moisture, with most Collembola species
being sensitive to hot dry conditions and benefiting
from moist conditions and cooler temperature (Hopkin
1997, Muturi et al. 2009, Jalaluddin Abbas 2012).
The importance of moist conditions is documented by
generally high density of Collembola during the wet as
compared to the dry season in the tropics (Muturi et al.
2009, Janion 2011). Low Collembola density in summer
also is typical for temperate forests (Jonsson et al. 20006,
Cuchta et al. 2012, Huebner et al. 2012, Fujii et al. 2012,
Jiang et al. 2013). The seasonal dynamics of Collembola

Table 3. Species identified from the corer samples that have been previously recorded in Iran, grouped according to their general distribution.

Species

Recorded in Iran (Provinces)

Authors

Palaearctic distributed species

Caprainea marginata (Schott, 1893) Kermanshah

Kermanshah
Ceratophysella stercoraria Stach, 1963

Kohgilueh and Boyerahmad provinces

Tehran
Isotomiella minor (Schiffer, 1896) Rasht/Gilan

Azerbaijan
Isotomurus italicus (Carapelli et al., 1995)  Mazandaran/Sari

Sari/Mazandaran

Heteromurus major (Moniez, 1889)

Golestan/Grogan and Kermanshah

Holarctic distributed species

Folsomia penicula Bagnall, 1939 Gilan provinces

Sari/Mazand
Sminthurinus elegans (Fitch, 1863) aryviazandaran

Golestan/Grogan and Kermanshah

Worldwide distributed species

Heteromurus nitidus (Templeton, 1836) Mazandaran

Golestan, Mazandaran, Azarbaijan and

Kahrarian et al. 2012

Kahrarian et al. 2012

Falahati et al. 2012

Moravvej et al. 2007

Daghighi et al. 2013

Cox 1982, Shayanmehr et al. 2013
Yahyapour 2012

Yahyapour 2012, Yahyapour &
Shayanmehr 2013

Shayanmehr et al. 2013

Cox 1982

Yahyapour 2012
Ghahramaninezhad et al. 2013

Cox 1982

Pseudosinella octopunctata Borner, 1901

Tomocerus vulgaris (Tullberg, 1871)

Sari/Mazandaran, Zanjan, Central and
Azerbaijan provinces

Golestan, Mazandaran, Azarbaijan and
Gilan provinces

Cox 1982

Cox 1982
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in the Semesknadeh forest differs from those in temperate
forests of the Holarctic, however, in that the highest
densities were observed in January, whereby in temperate
forests of Europe or North America densities are usually
lowest in winter. Winter temperatures in temperate forests
are generally below freezing, while the winters in the
study area can be considered to be mild as well as being
moister than in summer.

The number of species in the Semeskandeh forest
is rather low compared to other forests in Europe and
America. A number of factors might be responsible
for the low species number, including, e.g., the lack of
understory, as it has been demonstrated that Collembola
diversity increases with increasing plant diversity (Cortet
& Poinsot-Balaguer 1998, Rusek 2001, Materna 2004,
Chahartaghi et al. 2006, Rodriguez-Loinaz et al. 2008).
Soil characteristics, such as pH and organic matter content,
also have been shown to affect Collembola diversity and
community composition (Vilkamaa & Huhta 1986). Soil
pH in Semeskandeh forest is high (6.2-7.9), contrasting
with more acidic forests with higher densities and species
diversities of Collembola, such as the beech — oak forest in
south Germany investigated by Chahartaghi et al. (2006)
and the sugar maple forest in Canada studied by Chagnon
et al. (2000). Low numbers of Collembola species were
also recorded from alkaline turfgrass ecosystem in
North America (Rochefort et al. 2006). In recent years,
Mazandaran province experienced declining rainfall and
prolonged drought periods in summer, which may have
contributed to low Collembola density.

Despite the presumed importance of drought as driving
factor of the Collembola community, most of the species of
the study site colonized the leaf litter layer, particularly in
winter. This is consistent with earlier studies documenting
that, if environmental conditions are beneficial, most
Collembola and other soil invertebrates colonize the litter
layer (Detsis 2000). Therefore, the decline in density and
diversity of Collembola with soil depth suggests that
environmental conditions in the litter layer were most
favorable for Collembola at the study site and this also
applies to other forest ecosystems (Yoshida & Hijii 2005,
Mohammadnezhad Kiasari et al. 2011, Shilenkova &
Tiunov 2013). Species such as H. major, S. elegans and
C. stercoraria are abundant and widespread in many
regions of Iran (Shayanmehr et al. 2013), whereas others
including H. japonica, C. marginata and P. hyrcanica nov.
sp. presumably are more locally distributed and only reach
low densities. These species may be typical for the studied
forest and Hyrcanian forests may be important for their
conservation. However, to understand the factors which
limit their abundance and distribution, further analyses
are needed in a wider geographic range of Hyrcanian and
related forest systems.

5. Conclusion

The present study is the first on the Collembola fauna
of Hyrcanian forests. Among Collembola families
Entomobryidae were most abundant with H. major being
the most dominant species. Density of Collembola in total
and that of most Collembola species was highest in winter
with most Collembola colonizing the litter layer. Generally,
Collembola density and diversity was unexpectedly low
with the dominant species being widespread. However,
for some species of low abundance and more restricted
geographic distribution, the Hyrcanian forest presumably
serves as an important habitat underlining the importance
for conserving this unique ecosystem.
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