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Abstract. In this study, species diversity of ichneumonid wasps in south-eastern Iran was studied. Malaise traps were set in several
localities: Koohpayeh, Sirch, Chatrood and Rayen for sampling. Collected species were identified and the number of each species
was counted. Species diversity was studied using SDR4 software. Totally 29 species were identified in the studied region.
Koohpayeh and Sirch had the most diverse species according to maximum of diversity index (Indicate the relevant diversity indices
and the confidence limits). Ctenichneumon devylderi (Holmgren, 1871) was dominant, Exetastes syriacus Schmiedeknecht, 1910 and
Exochus castaniventris Brauns, 1896 were subdominant and Cryptus inculcator (Linnaeus, 1758), Dichrogaster saharator (Aubert, 1964),
Mesostenus albinotatus Gravenhorst, 1829, Trychosis legator (Thunberg, 1824), Enizemum ornatum (Gravenhorst, 1829), Colpognathus
grandiculus Diller & Riedel, 2015, Diadromus collaris (Gravenhorst, 1829), Ichneumon sarcitorius Linnaeus, 1758, Platylabus iridipennis
Gravenhorst, 1829, Orthocentrus asper Gravenhorst, 1829, Itoplectis tunetana (Schmiedeknecht, 1914), Promethes sulcator (Gravenhorst,
1829) and Anisobas cingulatellus Horstmann, 1997 were subrare. The maximum diversity was for Ctenichneumon devylderi (Holmgren,
1871) (42 specimens), Exochus castaniventris Brauns, 1896 (24 specimens), Exetastes syriancus Schmiedeknecht, 1910 (13 specimens)

and Dichrogaster longicaudata (Thomson, 1884) (13 specimens).
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Introduction

Parasitoid Hymenoptera can act as useful biodiversity indi-
cators, as their abundance and richness may reflect diversity
of other arthropods (Anderson et al. 2011). Among parasi-
toid Hymenoptera, Ichneumonidae is one of the most spe-
cies-rich families of insects on Earth (Gauld 1991). As parasi-
toids attack mainly holometabolous insects, including phy-
tophagous species, they play an essential role in agro-
ecosystems in maintaining their hosts (many of them consid-
ered to be agricultural pests) at low population levels (but
see Anento & Selfa 1997a,b, Mazon & Bordera 2008, Mazén
et al. 2009, Mazén & Bordera 2010).

Species diversity has two parts. Richness refers to the
number of species found in a community and evenness re-
fers to the relative abundance of each species (Magurran
1988). The simplest measure of diversity is to count number
of species in an area (species richness), but the major prob-
lem in species richness measurement is that species richness
does not consider species abundance and is highly influ-
enced by sample size. Therefore, three methods of diversity
indices that incorporate both abundance and richness are:
Dominance indices, Information-statistic indices and Even-
ness indices. One of the most important dominance indices
is Simpson’s index. Moreover, information-statistic indices
can take into account rare species which is based on the ra-
tionale that diversity in a natural system can be measured in
a way that is similar to the way information contained in a
code or message measured. Evenness (E), the other informa-
tion-statistic index, is affected by both number of species and
their equitability. Rank abundance diagrams are a more
complete picture of the distribution of species abundance
and can be drawn for the number of individuals, biomass,
and ground area covered (Magurran 1988, Schowalter 1996).
Diversity indices like the Shannon entropy ("Shannon- Wie-
ner index") and the Gini-Simpson index are not themselves

diversities. The number of equally-common species required
to produce a particular value of an index is called the "effec-
tive number of species". This is the true diversity of the
community in question. Converting indices to true diversi-
ties (effective numbers of species) gives them a set of com-
mon behaviors and properties. After conversion, diversity is
always measured in units of number of species. This enables
us compare and interpret them easily, and develop formulas
and techniques that do not depend on a specific index. It also
helps to avoid the serious misinterpretations spawned by the
nonlinearity of most diversity indices (Jost 2006). Despite
several recent studies on the biodiversity and community
structure of different groups of Hymenoptera (Rakhshani et
al. 2008, Lotfalizadeh et al. 2012, 2014, 2015, 2016, Safahani et
al. 2016, Iranmanesh et al. 2017, Ghotbi Ravandi et al. 2017),
little information is available on this subject in the country.
Although recent surveys have been conducted on the Ich-
neumonidae (Cryptinae and Ichneumoninae) fauna in Iran
(Barahoei et al. 2015, Moheban et al. 2015, 2016, Ghafouri
Moghaddam 2016), reducing diversity of the Ichneumonid
wasps will be as an alarm for environmental health. In this
study, species diversity of the Ichneumonid wasps (Crypt-
inae and Ichneumoninae) and their distribution in Kerman
province of Iran were investigated.

Materials and methods

Sampling
Sampling was conducted in four locations including Chatrood

(30°36"23.47"N, 56°55713.06"E, 1874 m), Koohpayeh (30°28°51.17"N,
57°1916.59"E, 1820 m), Rayen (29°36°02.60"N, 57°24°58.58"E, 1243m)
and Sirch (30°11°52.29"N, 57°34°04.72"E, 1688 m) using three Malaise
traps for each location situated in Kerman province, south-east of
Iran during 2013-2014. The dry and desert climate (average monthly
rain fall, 0.2 to 28.7 mm) is associated with a temperature difference
of more than 44°C between summer (maximum 39.4°C) and winter
(min —4.7°C), which makes the region a suitable place to study tem-
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perature related effects (Khanjani & Bahrampour 2013). Specimens
were collected by Malaise traps. The specimens were extracted from
the traps and sorted weekly. They were then treated with 75% etha-
nol and finally placed on a paper plate for drying. The dried speci-
mens were then card-mounted and labeled. External morphology of
specimens was studied using NIKON SMZ800 stereomicroscope.
Nomenclature is mainly taken from Yu et al. (2016). The specimens
were deposited in the Insect Collection of Zoological Museum of
Shahid Bahonar University of Kerman, Kerman, Iran (ZMSBUK).

Statistical analysis
In order to survey the species diversity, first all the species were

identified and the number of each species was counted at various lo-
calities. Then the indices related to species diversity (the number of
present species at one community), the diversity in one region and
the species evenness (the number of individuals at each species and
the individuals” ration of each species) were measured using SDR4
software (Seaby & Henderson 2006).

Structure of species composition

After identifying and counting samples using Weigmann classifica-
tion method (Weigmann 1973), the dominant species composition
was evaluated.In this method, the species which their abundance are
more than 30% are eudominant, the species which their abundance
are between 10% to 30% are dominant, the species which their abun-
dance are between 5 to 10% are sub subdominant, the species which
their abundance are between 1 to 5% are rare and species which their
abundance are less than 1% are subrare.

D =b/ax100

a: the number of total collected specimens.
b: the number of species.

Alpha diversity indices

For ecological data, Shannon-Wiener index is usually between 1.5
and 3.5; and rarely 4.5. Whatever it’s higher, the diversity is major
(Southwood & Henderson 2000).

H:—iF?Iogg p
i-1

Pi: relative abundance for each species, which means the indi-
viduals of each species to whole community ratio.

S: number of species or species richness

Indeed, Simpson's index remarks the probability of the second
individual adopted from the population belonging to the same first
species. The more calculated index, the more species diversity we
have. Magurran (2004) stated that Simpson's index is one of the most
meaningful and strongest indices of species diversity (Magurran
2004, Seaby & Henderson 2006). The given formula for this index is

as follow:
z
€= Z?f
L
2

N1 Ny
P=rmw-1n 0~ (N,.)

S: the number of observed species

Ni: the number of individuals at the i-th species

Nt all of the individuals in sample

Margalef D index was calculated for each sample. This index is
calculated by following equation:

5—1

b= InN

S: the number of species
N: total specimens

S. Mohebban et al.

This index refers to the number of species into total specimens,
so this index is used for comparison of species diversity between two
sampling locations. The higher calculated value of this index the
greater species diversity.

Mclntosh diversity index was suggested by McIntosh, 1976 and
it was used rarely up to now. This index is calculated by following
equation:

N-U

D=
N—«+N

N: the total number of specimens in sampling.
U, is calculated with following equation:

u= 3y E: H{e

ni: the number of specimens in i species.

U: geometric distance of the community of origin.

The amount of McIntosh index is between 0 tol and when this
index in near to zero, it means that the community has less species
diversity.

Fourteen methods are provided by SDR software to measure the
Evenness. Indeed, the Evenness index shows the state of individuals’
abundance distribution among the species. In other words, the
Evenness represents the balance level at the species abundance. The
community which is more uniform (the same distribution of indi-
viduals among the species) among the communities having the same
species richness, has more equality or diversity and the communities
which are none uniform (so various distribution of species abun-
dance), have lower equality or diversity. In this layout both indices,
Simpson E, Pielou ], McIntosh E and Heip were used to determine
the uniformity indices of species.

The value of Simpson Evenness Index changes from zero to one.
The maximum value for it happens when the abundance of all the
collected species are the same. Whatever the abundance distance of
the collected species is further to each other, the value for Simpson
uniformity index approaches to zero. The equation of Simpson uni-
formity index is as follows:

D: the Simpson index

S: the number of species per sample. Whatever the Simpson in-
dex and also the species number increases, the numerical value of
the Simpson evenness index decreases (Simpson 1949).

Shannon-Wiener index was used to calculate Pielou J index for
all samples. The maximum value for this index equals to log(S). The
value of this index is between 0 and 1 and when this value approach
1, it means that in a certain region, the species uniformity is much
and the abundance ratio of certain species is further (Pielou 1975).

J=H/log)

H: the species diversity index - Shannon-wiener
S: the species number
McIntosh evenness index is based on McIntosh dominance index
and it was defined by Pielou (1975) as follows:
N-U
[I = Lr — ht' lf _
! .‘_'

U= Z nl?
N

N: the total number of specimens in each sample

S: the total number of species in sample

ni: the number of specimens in i's species

The amount of this index is between 0 tol. When this index is
near to 1, it means that the species have more evenness and relative
abundance of certain species in the certain locations is more than the
other study locations (Heip 1974). This index assigned the most
evenness to the most diverse society.
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Heip evenness index was defined by Heip in 1974 as follows:

(e —1)
5 =1}

H: Shannon diversity index

S: the number of species

The amount of this index is between 0 to 1 and when this index
is near to zero, the evenness decreases. It means that the relative
abundance of certain species in certain location is less than the other
locations, as the result, the society has less evenness.

Results

Species composition’s structure and species abundance

The abundance of the Ichneumonidae family in the studied
areas of Kerman province is shown in Table 1. The most
number of specimens that was collected, is belong to Cten-
ichneumon devylderi (42 specimens). This species was re-
ported from all studied areas except Chatrood. From abun-
dance aspect, Koohpayeh (32 specimens), Sirch (9 speci-
mens) and Rayen (one specimen) had the most and the least
abundance respectively.

Exetastes adpressorius, Diplazon laetatorius, Enizemum or-
natum and Heterischnus filiformis were collected from all of
the studied areas. The structure of species composition and
the relative abundance of Ichneumonidae family (all the col-
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lected samples of Malaise traps in 2013-2014) in Koohpayeh,
Chatrood, Rayen and Sirch is shown in Table 2. According to
this information, in Koohpayeh, the highest abundance
value was for Ctenichneumon devylderi (15.16%), followed by
Exetastes syriacus (6.16%). Dichrogaster longicaudata (2.84%)
Heterischnus filiformis (2.36%) were the most abundant spe-
cies comparing the rest of species. In Chatrood, the highest
value was for Exochus castaniventris (9.95%), followed by
Diplazon laetatorius (2.36%) and Pimpla arcadica (1.42%).
Exetastes adpressorius, Mesostenus albinotatus, Anisobas cingu-
latellus, Apaeleticus bellicosus and Heterischnus filiformis had
the abundance of 0.94%. In Rayen, the highest value was for
Exetastes adpressorius (3.79%), followed by Dichrogaster longi-
caudata (3.31%). Homotropus elegans (2.36%), Apaeleticus belli-
cosus (2.36%) and Diplazon laetatorius had the abundance of
1.89%. In Sirch, the highest value was for Ctenichneumon
devylderi (4.26%). Exetastes adpressorius (2.84%), Pimpla ar-
cadica (2.84%) and Cryptus armator (1.89%) were in the next
level.

According to collected data (Table 2), C. devylderi was re-
corded as dominant, Exetastes syriacus and Exochus cas-
taniventrisas as subdominant, and other species as rare and
subrare species. Alpha diversity index and species evenness
index in the studied localities were calculated (Table 3).

According to Shannon-Wiener index and Simpson D, it

Table 1. Abundance of Ichneumonidae in the studied locations of Kerman province (Koohpayeh,

Chatrood, Rayen and Sirch) in 2013-2014.

Abundance of species in the study locations

Species name

Koohpayeh Chatrood Rayen Sirch Total

1 Exetastes adpressorius 1 2 8 6 17
2 Exetastes syriacus 13 0 0 0 13
3 Cryptus armator 0 0 0 4 4
4 Cryptus inculcator 1 1 0 2 4
5 Dichrogaster longicaudata 6 0 7 0 13
6 Dichrogaster saharator 1 1 2 0 4
7 Lysibia nana 4 0 0 0 4
8 Mesostenus albinotatus 0 2 0 1 3
9 Trychosis legator 1 0 0 0 1
10 Diplazon laetatorius 4 5 4 2 15
11 Enizemum ornatum 2 1 1 1 5
12 Homotropus elegans 0 0 5 0 5
13 Homotropus signatus 1 1 0 3 5
14 Promethes sulcator 2 0 0 0 2
15 Anisobas cingulatellus 1 2 0 0 3
16 Apaeleticus bellicosus 0 2 5 1 8
17 Barichneumon gaullei 2 0 0 0 2
18 Colpognathus grandiculus 1 0 0 0 1
19 Ctenichneumon devylderi 32 0 1 9 42
20 Ctenichneumon edictorius 3 0 0 1 4
21 Diadromus collaris 0 0 1 0 1
22 Heterischnus filiformis 5 2 1 2 10
23 Ichneumon sarcitorius 0 0 0 1 1
24 Platylabus iridipennis 2 0 0 0 2
25 Exochus castaniventris 0 21 3 0 24
26 Orthocentrus asper 1 0 0 2 3
27 Orthocentrus spurius 0 0 3 0 3
28 Itoplectis tunetana 1 0 0 0 1
29 Pimpla arcadica 2 3 0 6 11

Total 86 43 41 41 211
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Table 2. Species composition’s structure and relative abundance percent of Ichneumonidae in the studied locations of Ker-

man province in 2013-2014.

Relative abundance percent in the study locations

Species name

Koohpaye Chatrood Rayen Sirch The degree of dominance

1 Exetastes adpressorius 0.47 0.94 3.79 2.84 Rare
2 Exetastes syriacus 6.16 0 0 Subdominant
3 Cryptus armator 0 0 1.89 Rare
4 Cryptus inculcator 0.47 047 0 0.94 Subrare
5 Dichrogaster longicaudata 2.84 3.31 0 Rare
6 Dichrogaster saharator 0.47 0.47 0.94 0 Subrare
7 Lysibia nana 1.89 0 0 Rare
8 Mesostenus albinotatus 0 0.94 0 0.47 Subrare
9 Trychosis legator 0.47 0 0 Subrare
10 Diplazon laetatorius 1.89 2.36 1.89 0.94 Rare
11 Enizemum ornatum 0.94 0.47 0.47 0.47 Subrare
12 Homotropus elegans 0 2.36 0 Rare
13 Homotropus signatus 0.47 047 0 142 Rare
14 Promethes sulcator 0.94 0 0 Subrare
15 Anisobas cingulatellus 0.47 0.94 0 0 Subrare
16 Apaeleticus bellicosus 0 0.94 2.36 0.47 Rare
17 Barichneumon gaullei 0.94 0 0 0 Subrare
18 Colpognathus grandiculus 0.47 0 0 0 Subrare
19 Ctenichneumon devylderi 15.16 0 0.47 4.26 Dominant
20 Ctenichneumon edictorius 1.42 0 0 0.47 Rare
21 Diadromus collaris 0 0 0.47 0 Subrare
22 Heterischnus filiformis 2.36 0.94 0.47 0.94 Rare
23 Ichneumon sarcitorius 0 0 0 0.47 Subrare
24 Platylabus iridipennis 0.94 0 0 0 Subrare
25 Exochus castaniventris 0 9.95 1.42 0 Subdominant
26 Orthocentrus asper 0.47 0 0 0.94 Subrare
27 Orthocentrus spurius 0 0 1.42 0 Rare
28 Itoplectis tunetana 0.47 0 0 0 Subrare
29 Pimpla arcadica 0.94 1.42 0 2.84 Rare
Total 40.75 20.37 19.43 19.43 100

Table 3. Alpha diversity index of Ichneumonidae in the studied locations of Kerman

province in 2013-2014.

Studied locations

Alpha Diversity Index -
Koohpayeh Chatrood Rayen Sirch
Species Number 21 12 12 14
Shannon-Wiener 2.311 1.849 2.253 2.356
Simpson D 5.905 3.961 10 10.38
Margalef D 4.49 2.925 2.962 3.501
McIntosh D 0.6466 0.567 0.7712 0.7773

Table 4. Species evenness index of Ichneumonidae in the studied locations of

Kerman province in 2013-2014.

Studied locations

Species Evenness Index

Koohpayeh Chatrood Rayen Sirch

Simpson E 0.2812
Pielou J 0.6862
McIntosh E 0.7379
Heip 0.454

0.33 0.8333 0.7414
0.5492 0.6691 0.6997
0.6755 0.9149 0.8952
0.4869 0.7744 0.7345

was indicated that Sirch had a higher species diversity than
the other studied localities. On the same way, Chatrood had
the least species diversity. Based on Shannon-Wiener index,
Sirch had the most species diversity followed by Koohpayeh,
Rayen and Chatrood respectively. According to Simpson D,

Rayen and Sirch were more diverse than Chatrood. Mar-
galef’s D showed that Koohpayeh had the most species di-
versity and Sirch, Rayen and Chatrood were in the next lev-
els respectively. This index had no significant differences in
the studied locations. Based on McIntosh D, Chatrood had
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the least species diversity among studied locations. This in-
dex showed that Sirch is more diverse than Rayen while
Koohpayeh is more diverse than Chatrood. According to this
index, Koohpayeh had the same diversity as Sirch. This in-
dex showed no significant differences between Sirch and
Rayen.

The evenness indices are shown in Table 4. Calculating
evenness index of Simpson E showed that Rayen had the
most amount of numerical followed by Sirch, Chatrood and
Koohpayeh respectively and this index showed no signifi-
cant differences between Koohpayeh and Chatrood. Based
on Pielou J, Chatrood had the least species evenness. Sirch
and Koohpayeh had more evenness than the other studied
locations. Chatrood and Koohpayeh showed no significant
differences. Based on McIntosh E, the most evenness is re-
lated to Rayen and Sirch. Koohpayeh and Chatrood had less
evenness than the other locations. Heip index indicated that,
Chatrood and Koohpayeh had less evenness than Sirch and
Rayen.

Discussion

During a survey on Ichneunomidae in Kerman province in
2013-2014, 211 specimens were collected using Malaise traps.
There is a specific relationship between Ichneumonid wasp
species and distribution of host plant. Distribution of host
plant has a particular effect on the distribution of Ichneu-
monid wasp species. The factors like altitude, and regional
climate were similar at some studied locations. The vegeta-
tion has an important role in determining the distribution of
the Ichneumonid wasps. Therefore, the diversity of locations
can be considered as one of the main factors in the distribu-
tion of Ichneumonid wasp species. Furthermore, the other
factors such as regional climate, annual temperatures, vege-
tation, and local climate had effects on Ichneumonid wasp
species. Totally 29 species were collected in this research.
The most specimens of Ichneumonid wasps were reported
from Koohpayeh, where had various vegetation. Some spe-
cies of Ichneumonid wasps just were collected from one
area. In this research, Exefastes adpressorius, Diplazon laetato-
rius, Enizemum ornatum and Heterischnus filiformis were pre-
sent in all studied locations. Based on Shannon Wiener,
Simpson D and McIntosh, Sirch had the highest species di-
versity and Chatrood had the least species diversity between
sampling areas. According to Margalef D calculation for-
mula, whatever the number of species is greater, the species
diversity will be greater, so Margalef D assigned the most
species diversity to Koohpayeh. Simpson E, McIntosh E and
Heip indicated that Rayen had the most evenness between
the other sampling areas. In Pielou ], the most evenness is re-
lated to Sirch, however, based on the calculations in SDR4,
there was no significant difference between Sirch, Rayen and
Koohpayeh. It seems that the low number of specimens in-
volved in this study caused this minor difference. In a study
of parasitoids of rice fields in Iran, 16 species belonging to
eight families were reported (Lotfalizadeh et al. 2016). They
studied the species diversity indices of the identified wasp
species. Lotfalizadeh et al. (2015) studied the parasitoids of
alfalfa leafminers in the northwest of Iran. They reported 15
hymenopterous parasitoid species belonging to three fami-

11

lies. They also studied the species diversity indices of the
hymenopterous parasitoids.
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