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ABSTRACT. In this study the biodiversity and relative abundance of Collembola was
evaluated in two different ecosystems, citrus orchard and forest in Mazandaran province,
Iran. Samples were carried out during 2016 and 2017. Species richness, biodiversity and the
indices of similarity were calculated. The results of T-Test showed that in two years (2016
and 2017), the values of Shannon-Wiener diversity and Simpson species diversity index
were significantly different between sampling areas (Pvalue<0.05), but the values of
Margalef richness and Pielou evenness index were not significantly (Pualue>0.05). In the
year 2016, Shannon-Wiener index, Simpson index, Pielou evenness and Margalef species
richness in Dasht-e Naz forest were 1.92 + 0.1, 0.83 + 0.03, 2.01 + 0.2 and 0.94 + 0.04

g;(lillo(;[;ber, 2021 respectively, and in citrus orchard were 1.44 + 0.11, 0.73 + 0.02, 1.46 £+ 0.37 and 0.9 + 0.03
Accepted: respectively. Also, in the year 2017, Shannon-Wiener index, Simpson index, Pielou evenness
01 January, 2022 and Margalef species richness in Dasht-e Naz forest were 1.79 + 0.05, 0.81 £ 0.08, 1.38 £ 0.25
Published: and 0.94 + 0.09 respectively, and in citrus orchard were 0.98 + 0.22, 0.58 + 0.08, 1.02 + 0.35
05 January, 2022 and 0.95  0.05 respectively. In general, the results showed that the abundance and

. , biodiversity of Collembola in Dasht-e Naz forest was higher than in citrus orchard.
Subject Editor:

Francisco Javier Peris Felipo Key words: Collembola, biodiversity, citrus, forest, Iran

Citation: Yahyapour, E., Shayanmehr, M., Miri, B. & Vafaei Shoushtari, R. (2022) A study on the relative abundance and
biodiversity indicators of Springtails (Hexapoda: Collembola) in two ecosystems in Mazandaran province (Iran). Journal of Insect
Biodiversity and Systematics, 8 (1), 131-144.

INTRODUCTION

Collembola, commonly known as springtails, are small wingless soft-bodied hexapods that are usually
between 1 and 3 mm in length. This group generally found occur in varying habits such as, soil surface
and leaf litter, under rocks or the bark of trees. Also, they are free-living and omnivorous organisms,
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which prefer moist conditions (Paul et al., 2011). Springtails are one of the most important organisms in
the soil and sandy sediments of river, wetlands and floodplain forests and plays an important role in the
processes of vegetation decomposition and soil microstructure. They are hosts of many parasitic
Protozoa, Nematoda, Trematoda and pathogenic bacteria and in turn are attacked by different predators.
Such activities are critical to the functioning of ecosystems and the maintenance of soil health and high
land productivity, both in natural ecosystems (such as forests) and in altered human ecosystems (e.g.,
agriculture) (Deharveng, 1995; Cincotta et al., 2000). Choi et al. (2008) showed that excessive use of
pesticides, especially herbicides, are one of the factors that can influence the population fluctuations of
springtails. They also stated that Paraquat herbicide can be used to reduce the incubation rate of
springtails. Currently, there are many concerns about human activities to reduce biodiversity, and for
this reason, in the recent decade, much attention has been paid to the importance of biodiversity
conservation (Culik & Filho, 2003). Relatively few studies have been conducted on the biodiversity of
springtails. Cancela da Fonseca & Sarkar (1998) investigated the effect of the agriculture on micro
arthropods biodiversity. Their results showed that cropping has a positive effect on springtails
abundance and biodiversity. Rusek (1998) showing that soil acidification, nitrogen supply, global climate
change and intensive farming affect greatly impacted springtails diversity. Culik et al. (2002) studied
biodiversity of springtails in tropical agricultural environments of Brazil. Where they observed that the
total springtails densities were greater with no tillage versus conventional tillage and with mulch versus
no mulch.

Moradi et al. (2019) studied species diversity of springtails (Hexapoda: Collembola) in four different
ecosystems of Lorestan province, Iran. Their results showed that in both study areas, the diversity of
forest species was more than in other ecosystems. In contrast, the field ecosystems of Khorramabad and
Delfan rangeland had the least amount of species diversity. Mirab-balou & Mahmoudi (2019)
investigation of frequency and biodiversity of soil macrofauna under two different plant coverages (case
study: Choqasabz forest park, Ilam province), Iran. They reported that the index of Shannon diversity,
Pielou evenness and Margalef richness in Rosaceae plant coverages is higher than conifers. Kahrarian et
al. (2017) studied the biodiversity of springtails in three different ecosystems in Kermanshah province,
Iran. Their demonstrated the biodiversity and species richness of forest was higher than the field crop
and grassland in two different cities. In Paveh, the species richness of the field crop was premier than the
grassland. However, there was not significant difference between the field crop and grassland in Sare
pol-e-Zahab, unexpectedly. Ramezani & Mossadegh (2017) survey the effect of cropping on the diversity
and density of springtails (Hexapoda: Collembola) in Khuzestan province, southwest of Iran. The species
diversity by Shannon-Wienner index indicated that the diversity index was significantly higher
(Pvalue<0.05) in the field crops (2.58 £ 0.01) than in the abandoned field (1.61 + 0.19) and the species
densities in the field crops were more homogeneous.

The aim of this study was to evaluate the effect of ecosystem on the relative abundance and biodiversity
of springtails communities in two different habitats (Dasht-e Naz forest and citrus orchard) Mazandaran
province, north of Iran.

MATERIAL AND METHODS

The present investigation was performed in a Dasht-e Naz forest (Fig. 1B) and citrus orchard (Fig. 1C)
which lies between 36°1020”N to 53°39'10"E. Located in the northeast of Sari, the center of Mazandaran
province, Iran (Fig. 1A). The selected orchard is located near the Dasht-e Naz forest, the main crop of this
land is citrus fruits. The citrus trees had between 15 and 20 years old. The soil of this site is a mixture of
sand, silt, and clay, high enough to hold water and plant nutrients. The desired orchard used to be a
forest, but its use has been changed for a long time and it has been turned into a citrus orchard. On the
other human activities that cause the use of agricultural machinery, the extensive use of pesticides and
chemical fertilizers as well as grazing sheep in orchards, which disrupts the physical and chemical
properties of the soil. In 2016, the average of temperature and rainfall in spring was 20.03°C and 67.9 mm,
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in summer (27.5°C, 57.1 mm), autumn (14.43°C, 95.05 mm) and winter (8.73°C, 54.7 mm). Similar values
were observed in 2017 where in spring the average of temperature was 19.26°C and rainfall 30.93 mm, in
summer was 28.16°C and 6.7 mm, autumn (15.93°C, 71.1 mm), and 9.93°C and 68 mm in winter.

Sampling methods

A seasonal sampling was carried out for each of the four seasons in two years 2016 and 2017. Ten soil
samples were collected with a soil core of 5x5 cm in surface area and a depth of 10 cm of from each of the
two sampling sites i.e., forest and citrus orchard. The samples were tagged and sealed, transported to the
laboratory and extracted by Tullgern funnels and examined individually (Fig. 2). The extracted specimens
were sorted, and identified, by Fjellberg (1980, 1998, 2007), Bretfeld (1999) and Potapov (2001) keys.
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Figure 1. A. Map of the Mazandaran province of Iran, showing two location sites of study. B. Citrus
orchard; C. Dasht-e Naz forest.
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Figure 2. Extractor system for soil animals.

Statistical Analysis

Alpha (a), beta () and gamma (Y) diversity were calculated by Whittaker method (Whittaker, 1972). Alpha
diversity expresses the diversity of species within a community or habitat. Beta diversity shows changes in
the number of species from one ecosystem to another. The less common species there are in the two habitats,
the greater the amount of beta diversity. Gamma diversity indicates the richness in species of a range of
habitats in a geographical area. Domination coefficient informs what percentage out of the total amount of
the collected specimens for a given area is constituted by specimens of a particular species. It was calculated
by the following equation:

n
D; = 5100%

In which, Di= dominance, n= number of specimens of a given species in a given area and N= number of all
the specimens collected from a given area (Kasprzak & Niedbala, 1981). Six classes of domination were as
follows: Eudominant (30-100%); Dominant (10-29.9%); Subdominant (5-9.9%); Rare (1-4.9%); and Subrare
(<0.99%) (Weigmann 1973).
Shannon-Wiener's index: Was calculated by the following equation (Shannon & Weaner, 1949):
S
Ho=—) S

[N N
=1

In which, n;= number of specimens of i-species per sample, N= total number of individuals of all the species,
and s= number of species in community.
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Pielou index: Evenness was calculated by Pielou's evenness index which has two contributing components
including the number of species and the distribution of individuals among those species:

e

/=105

In which, J=Pielou's evenness index, H = Shannon-Wiener's index and 5= total number of species collected
in the sample (Pielou, 1975). Simpson's index: Diversity was calculated by the following equation (Simpson,

1949):
N
1—D=1—Z (Pi)?
i=1

In which P= The proportion of individuals in the ith species. Species richness was estimated using the
Margalef's richness index (Margalef, 1958).
b, _S-1
™ InN

In which, Dy,;= Margalef's richness index, S = the number of species recorded and N= the total number of
individuals in the sample. Also, similarity coefficients between two ecosystems were calculated by two
indices of Sorensen (Ss) and Jaccard (Sj) (Magurran, 1988).

j _ 2

s a+b

J a+b—j

In which j = the number of species found in both sites and a= the number of species in site A with b the
number of species in site B.

As the data was fit a normal distribution according to the Kolmogorov-Smirnov test, therefore the one-way
ANOVA to test was used the effect of seasons on diversity, richness and evenness of springtails. The means
were compared using the Duncan test at a 5% level of probability. The T-Test was used to determine the
differences between the diversity indices in the sampling sites. The analyses were done using SPSS version
11. Also, springtails diversity (Shannon index) and (Simpson’s index), evenness (Pielou index) and species
richness (Margalef's) were calculated using the PAST, version 3.04 software (Hammer et al., 2001).

RESULTS

In this study, in total of 264 specimens (217 specimens in the Dasht-e Naz forest and 47 specimens in the
citrus orchard) were collected. We identified a total of 20 species from 17 genera and eight different
families of springtails (Table 1). Heteromurus major (Moniz, 1889) was the dominant species in Dasht-e
Naz forest and citrus orchard with a frequency of 27.18% and 27.65%, respectively (Table 1). Also,
Entomobrya multifasciata Tullberg, 1871 with a frequency of 11.05 % in Dasht-e Naz forest was ranked
second, while H. gigans (Mari Mutt and Stomp, 1980) was the second more abundant in citrus orchard
with a frequency of 14.90 % (Table 1). The results of changes in the population of springtails in Dasht-e
Naz forest showed that in both year 2016 and 2017, the population density of springtails was significantly
different (Pvalue<0.05) through the different seasons, but results in citrus orchard showed that only year
2016 was statistically significant (Pvalue<0.05).

According to the results obtained in Dasht-e Naz forest in 2016, the highest and lowest densities of
5.80 £1.92 and 0.90 £ 0.27 number/m?2 were related to autumn and winter seasons, respectively, in 2017,
the highest and lowest densities of 2.80 + 0.74 and 0.20 + 0.21 number/m?2 were related to the spring and
summer seasons, respectively (Table 2). The results citrus orchard showed that in 2016, the highest and
lowest densities of 0.70 + 0.21 and 0.09 + 0.11 number/m? were related to spring and winter seasons,
respectively. Also, in 2017, the highest and lowest densities were respectively with the values of 0.60 +
0.30 and 0.10 + 0.11 number/m?2 corresponded to the autumn and summer seasons (Table 2).
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Table 1. The number and frequency percentage of the different species of Collembola in Dasht-e Naz
forest and citrus orchard of Mazandaran province, Iran.

Forest Citrus orchard
> >
g g - g 2 g
. . = ) $o = < $o
Species Family = = ] (= 2 ]
: F 5 32 F 3
= o = <
Ceratophysella stercoraria .
Stach, 1963 Hypogastruridae 10  4.60 Rare 1 212  Rare
C. denticulata (Bagnall, y
1941) 3 138 Rare - - -
Xelngylléu welchi Folsom, " 20 921 Subdominant 1 212  Rare
Ent b trocinct
nS:}T(ftt,r]gg 6r0cmc ? Entomobryidae 2 0.92  Subrare - - -
E.lrgétitzﬁzscmta Tullberg, " 24 11.05 Dominant 6 12.76 ~ Dominant
E. dollfusi Denis, 1924 " 2 0.92  Subrare - - =
Heteromurus major " . .
(Moniez, 1889) 59 2718 Dominant 13 27.65  Dominant
H. gigans (Mari Mutt & " 16 737 Subdominant 7 1490 Dominant
Stomp, 1980)
Seira domestica Nicolet, \
1842 8 3.69 Rare - - -
Lepidocyrtus cyaneus ;
Tullberg, 1871 2 0.92  Subrare - - -
Pseudosinella octopunctata " 2 092 Subrare 3 638  Subdominant
Boner, 1901
Orchesella cincta . . .
. Orchesellidae 13 599 Subdominant 3 6.38  Subdominant
(Linnaeus, 1758)
Isot lustri
Stzl\(;[n:ﬁzls f;;és) " Isotomidae 10 4.60 Rare 3 6.38  Subdominant
Folsomides paroulus Stach, " 9 414 Rare 3 6.38  Subdominant
1922
Folsomia inoculate Stach, " 10 4.61 Rare 4 8.51 Subdominant
1947
Neanura persica Arbea,
Yahyapour & Neanuridae 3 1.38 Rare - = =
Shayanmehr, 2021

Tomocerus vulgaris
(Tullberg, 1871)

Sminthurus ghilarovi
Stebaeva, 1966

Lipothrix lubbocki
(Tullberg, 1872)

Sminthurinus elegans
Fitch, 1863

Tomoceridae 13 5.99 Subdominant 2 4.25 Rare

Sminthuridae 7 3.22 Rare 1 212 Rare

" 2 0.92 Subrare - - -

Katiannidae 2 0.92 Subrare o = -
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Tabel 2. Average density of Collembola in the Dasht-e Naz forest and citrus orchard of Mazandaran
province, Iran, years 2016 and 2017.

Sampling location Year Season Density (indm-?) F Pvalue
Spring (May) 490+095a
Summer (August) 3.50 £ 0.61 ab .
Dasht-e Naz forest 2016 3.59 0.023
ashi-e Naz fores Autumn (November) 580+1.92a
Winter (February) 0.90£0.27 b
Spring (May) 0.70£0.214a
. Summer (August) 0.10+£0.10b o
Cit hard 2016 3.10 0.043
FHus orehar Autumn (November) 0.60 £ 0.26 ab
Winter (February) 0.09+0.110b
Spring (May) 280+0.74a
Summer (August) 020+£0.21b -
Dasht-e Naz forest 2017 571  0.003
ashi-e Naz fores Autumn (November) 240+0.79a
Winter (February) 030+£0.29b
Spring (May) 0.50£0.16 a
S A t 0.10+0.11
Citrus orchard 2017 ummer (August) “ 127 0.298n
Autumn (November) 0.60£0.30a
Winter (February) 0.30+£0.154a

ns no significant difference
* significant difference at the level of 0.05
~ significant difference at the level of 0.01

Comparison of species richness of springtails of Mazandaran province showed a greater alpha diversity in
Dasht-e Naz forest than in citrus orchard. Similar results were observed with the general comparison of
beta and gamma diversity 9 and 20, respectively (Table 3). The results of T-Test showed that in 2016 and
2017, the values of Shannon-Wiener diversity and Simpson species diversity index were significantly
different between sampling areas (Pvalue<0.05), while Margalef richness and Pielou evenness index values
were not significantly different (Fig. 3). The values of biodiversity indices of the population springtails on
different seasons on Dasht-e Naz forest shown that in 2016, the highest value of Shannon-Wiener was 2.12
t 0.1 related to summer while the lowest value was 1.73 + 0.05 related to season winter (Fig. 4). Similar
results were observed by Pielou evenness index and Simpson index where the highest value (Pielou = 0.97
+0.10; Simpson = 0.87 + 0.12) was obtained in summer and the lowest value (Pielou = 0.90 + 0.09; Simpson
=0.80 £ 0.14) in autumn (Fig. 4). However, the values of Margalef index indicates that the highest values in
winter (2.27 £ 0.12) and the lowest (1.47 + 0.12) in autumn (Fig. 4).

25 2 .

ns mDashte- Naz forest
* ns
o Citrus orchard
2
15
1.5 ns
1 . -
" ns
1-
05 I
05 -
0 . 0 "
Shannon-Wiener Simpson 1-D Margalef Pielouj A Shannon-Wiener Simpson 1-D Margalef Pielouj

Figure 3. The numerical value of biodiversity indices between the Dasht-e Naz forest and citrus orchard,
of Mazandaran province, Iran. A. 2016; B. 2017. (Non-similar alphabets represent a significant difference
at the 5% level).
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Table 3. Comparison of a, p and y biodiversity of Collembola in the Dasht-e Naz forest and citrus
orchard of Mazandaran province, Iran.

Sampling location

Whittaker indices Dasht-e Naz forest Citrus orchard
a 20 12
p 9
Y 20
m 2016
25 1.2
a a 02017
A 1 a 8
A a A A
2 8 b AB b AB A a
0.8
15
0.6
1
04
0.5 02
0 T 0 . . .
Spring Summer Autumn Winter A Spring Summer Autumn Winter B
3 1.2 A
A a
a
A a a A
25 a a 1
a A
2 08
b
15 N B 06
c
1 04
0.5 0.2
0 T 0 - T
Spring Summer Autumn Winter c Spring Summer Autumn Winter D

Figure 4. The numerical value of biodiversity indices in the Dasht-e Naz forest, of Mazandaran province,
Iran, 2016 and 2017 years. A. Shannon-Wiener; B. Simpson 1-d; C. Margalef; D. Pielou J. (Non-similar
capital and small letters represent a significant difference at the 5% level between sampling years).

Also, the values of biodiversity indices on Dasht-e Naz forest shown that in 2017, the highest value of
Shannon-Wiener was 1.92 £ 0.05 related to spring while the lowest value was 1.74 + 0.08 related to season
winter (Fig. 4). Similar results were observed by Pielou evenness index and Simpson index where the
highest value (Pielou = 0.97 + 0.05; Simpson = 0.84 + 0.1) was obtained in winter and spring, also the
lowest value (Pielou = 0.92 + 0.09; Simpson = 0.80 * 0.09) in spring and summer (Fig. 4). However, the
values of Margalef index indicates that the highest values in spring (2.11 + 0.1) and the lowest (0.92
0.09) in winter (Fig. 4).
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The values of biodiversity indices of the population springtails on different seasons on citrus orchard
shown that in 2016, the highest value of Shannon-Wiener was 1.74 + 0.1 related to spring while the
lowest value was 1.27 £ 0.34 related to season autumn (Fig. 5). Similar results were observed by Pielou
evenness index and Simpson index where the highest value (Pielou = 0.97 £ 0.07; Simpson = 0.81 + 0.04)
was obtained in spring and the lowest value (Pielou = 0.83 + 0.04; Simpson = 0.69 * 0.07) in winter and
autumn (Fig. 5). However, the values of Margalef index indicates that the highest values in spring (2.57
+0.11) and the lowest (0.90 + 0.18) in autumn (Fig. 5). Also, the values of biodiversity indices on citrus
orchard shown that in 2017, the highest value of Shannon-Wiener was 1.60 + 0.1 related to spring while
the lowest value was 0.63 + 0.14 related to season autumn (Fig. 5). Similar results were observed by
Pielou evenness index and Simpson index where the highest value (Pielou = 0.99 + 0.09; Simpson = 0.8
+0.09) was obtained in spring and the lowest value (Pielou = 0.91 £ 0.1; Simpson = 0.44 + 0.1) in autumn
(Fig. 5). However, the values of Margalef index indicates that the highest values in spring (2.5 + 0.14)
and the lowest (0.28 + 0.12) in winter (Fig. 5). The results of similarity of species richness were
calculated using Sorensen and Jaccard index. According to the results, the similarity values of species
richness between Dasht-e Naz forest and citrus orchard based on Sorensen and Jaccard indices in 2016
were equal to 0.58 and 0.41 and in 2017 equal to 0.39 and 0.24, respectively (Fig. 6).

18 A 0.9 a b
16 08 b b
B
14 07
12 06 c <
1 0.5
08 04
06 0.3
04 02 -
0.2 01
0 ] 0 T 1
Spring Summer Autumn Winter A Spring Summer Autumn Winter B
3 12
a A a A A A A
25 1 a a
b
2 0.8
b
15 b 06
B b
1 04
05 c c 02
0 , 0
Spring Summer Autumn Winter c Spring Summer Autumn Winter D

Figure 5. The numerical value of biodiversity indices in the citrus orchard, of Mazandaran province, Iran,
2016 and 2017 years. A. Shannon-Wiener; B. Simpson 1-d; C. Margalef; D. Pielou J. (Non-similar capital
and small letters represent a significant difference at the 5% level between sampling years).
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mSorensen OJaccard mSorensen OJaccard

Figure 6. Comparison the similarity of Collembola in the Dasht-e Naz forest and citrus orchard, of
Mazandaran province, Iran, 2016 and 2017 years.

DISCUSSION

Species diversity and relative abundance of springtails varies greatly with changes in physical and
climatic conditions of an area. In this study the overall diversity and density of springtails was higher in
the forest as compared to the citrus orchard. Maraun et al (2003) reported that forest ecosystems have a
great species diversity than other ecosystems such as rangelands and crops. This may be indicative of the
vast intensity of disturbance in the orchards as compared to the forest by way of tillage and irrigation
which alter the soil structure. Other reasons include various factors such as proper leaf soil cover in
forested areas, prevention of soil erosion due to rainfall and also soil enrichment due to the addition of
organic elements and substances in the leaf soil (Moradi et al., 2019). Higher species diversity and density
were recorded in spring, summer and autumn, when soil temperatures were higher than in winter. Also,
the lowest density and diversity of springtails were recorded despite the high humidity in winter. On the
other hand, an intense decrease in temperature in this season can be one of the reasons for the decrease
in springtails population, as stated by Ilyas & Parwez (2011), when the winter is very cold, the springtails
population decreases. Among the collected species, H. major (Moniz, 1889) was introduced as the
dominant species in Dasht-e Naz forest and citrus orchard with a frequency of 27.18% and 27.65%,
respectively. It seems that the species H. major, E. multifasciata and H. gigans are less sensitive to soil
compaction and other factors in the soil as well as factors such as fertilizers and chemical pesticides than
other species and therefore their frequency were higher compared to other species and were considered
as the dominant species in both ecosystems.

In this study, the values of Shannon-Wiener index varied between a minimum of 0.98 in citrus orchard
and a maximum of 1.92 in Dasht-e Naz forest. The variations of the Shannon-Wiener index ranged from
zero to five and it is usually between 1.5 and 3.5. Values less than this range indicate the presence of
stress in the environment and instability and higher values indicate an increase in biodiversity in the
region (Ajmalkhan, 2004). Also, the values of Simpson species diversity index fluctuated from 0.83 in
Dasht-e Naz forest to 0.58 in citrus orchard. This index emphasizes the dominant species in the sample
because in Dasht-e Naz forest the number of H. major individuals was higher than citrus orchard. Sousa
et al. (2006) reported that the Simpson diversity index of springtails in forest (0.31) is significantly higher
than rangeland (0.12) and agriculture (0.28), which is consistent with the present study.

The amount of Margalef richness in this study varied between 2.01 in Dasht-e Naz forest and 1.02 in
citrus orchard. Margalef species richness index indicates the number of species in a community and
expresses the simplest biological concept. It indicates the suitability of the habitat for different species.
The numerical value of this index decreases in adverse biological conditions or environmental stresses
and increases with increasing number of species and density of each species because the use of herbicides
in citrus orchard, as well as higher human intervention causing a constant disturbance, and affecting the
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richness in citrus orchard (Gamito, 2010). The value of Pielou evenness index ranged from 0.94 in Dasht-
e Naz forest to 0.95 in citrus orchard. The evenness index can be a number between zero and one, and
the maximum evenness index is obtained when the distribution of species has the most evenness. Huang
et al. (2013) assessed the biodiversity of springtails in the three Gorge regions of China and showed that
springtails biodiversity is systematically lost after urbanization and increased human intervention in the
environment, which is consistent with the results of the present study. Kahrarian et al. (2017) showed
that the relative abundance and diversity species of springtails in forest ecosystems was higher than
agricultural and rangeland ecosystems, which is consistent with the results of the present study.
Ramezani & Mossadegh (2017) observed that Shannon-Wiener index in agricultural fields was
significantly higher than abandoned fields, which is not consistent with the results of this study possibly
because two regions are completely different. So that their study has been done in southern Iran with hot
and dry climate and low rainfall, while the present study was carried out in the northern part of Iran
with humid weather and high rainfall. Moradi et al. (2019) showed similar results in species diversity of
springtails, where it was higher in forest ecosystems than agricultural, rangeland and fruit orchard
ecosystems. In contrast, the field ecosystems of Khorramabad and Delfan rangeland had the least amount
of species diversity. In general, Delfan city (with a Shannon value of 1.881) had a greater diversity of
species than Khorramabad (with a Shannon value of 1.669), which is consistent with the results of the
present study.

In general, the results showed that the abundance and biodiversity of springtails in Dasht-e Naz forest
is higher than in citrus orchard. The highest abundance and diversity of species was obtained in May,
August and November, which indicates that soil temperature conditions can have a great impact on the
population of springtails. Furthermore, the high rate of human activity in orchards can be one of the
important factors that reduce the biodiversity of springtails. Therefore, to prevent the biodiversity loss,
human activity in orchards should be reduced or propery managed. Changing the use of forest to orchard
disturbs the balance of the soil and due to the high use of herbicides as well as the use of agricultural
machinery that compacts the soil in the orchard, reduces the population and the diversity of springtails
and other soil organisms. In such cases, minimal use of tillage operations as well as less use of agricultural
machinery, pesticides and herbicides will cause less change in the chemical and physical properties of
the soil and help maintain the density and diversity of soil organisms.
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