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ABSTRACT

Orius Wolff 1811 occurs throughout Oriental, Ethienp Palaearctic, and Neotropical regions and fesda wide
range of insect pests. This study investigatedtaabiuitability for 15 species of Orius under curteand future
climates throughout Iran using a Maxent modelingpra@ach, combining presence-only field data withmelte
derived variables. To produce the models, sampkre wollected from 310 localities where the Oriussviound.
The accuracy and performance of distribution modetse also evaluated by the area under receiveraipey

characteristic curve and jackknife analysis. In tlaxent model, the climatic and elevation werertfagor bases
for the current models. In modeling future disttibn, the elevation was excluded. Precipitationtioé wettest
period was significantly important within the mad€he potential distribution of the Orius speciesler variable
climates exceeded the current distribution in sameas of Iran, notably the northwestern and norteen regions.
Under future scenarios, the climatically suitableas for Orius species globally were projectedxpand.

Keywords: Bioclimatic variables, Distribution modeling, Maxe Niche modelingQrius, Species composition

INTRODUCTION

Orius Wolff 1811, known as minute pirate bugs (Heterogt&€imicomorpha), contains about 70 described speci
which are distributed throughout a wide range oblaegical habitats in Oriental, Ethiopian, Palaearcand
Neotropical regions [21, 24].

The members of this genus have attracted the imitenf entomologists as effective polyphagous pradaof
important agricultural pests in various agro-ectamys worldwide [23, 40]. Some species, suclass laevigatus
Fieber, 1860 an®rius albidipennisReuter, 1884, are commercially produced and ektelysused in biological
control programs in both greenhouses and natuaburring crops throughout the world [42, 23]. Angw
information on the ecological and biological aspeot these predators, including distribution mauglin their
current natural habitats and the impact of globafming on their future distribution, can help stisis to design
better biological control programs which will cogsently result in their more effective usage intpesntrol
programs.
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Ecological niche modeling is an effective method fioedicting species ranges. It uses local infolmmabn the
presence of organisms combined with local climdéta to generate models for identifying potentaitats and to
assess the likely impact of potential future clienahange on species distribution inhabiting the esamsimilar
environmental space [34, 20]. Such methods hava heed in Lepidoptera, Diptera, Coleoptera andh tesser
extent, in Hemiptera to generate both current ramgkfuture predictions based on models of gloliaate change

[4].

Maximum entropy implemented in the program MaxE38][is a method prevalently used in distributiordiction
modeling. It takes a limited dataset of presencalities [7] and climatic variables from the widelged Worldclim
database [19] and fits a statistical distributioritose points to describe and predict a fundarhentdogical niche.
Additionally, projecting these models onto the feticlimate dataset represents climatic change sosnd his
allows us to examine the potential effects of glatianate change on the predicted future distrifmutf Orius.

For this study, we selected Iran because of itsymdifferent climate regions. Iran can be dividedoirat least
four different climate zones, so this area seemétdlde for ecological niche modeling studies. DEspumerous
records [e.g. 31, 28, 25, 8, 9, 18] showing theewdistribution of theDrius species no information is available on
the predicted distribution of the genus in diffarelimates of the country.

Our objectives were to: (1) predict suitable habifar current and future distribution @frius species in different
climates of Iran; and (2) identify the impact ofvennmental factors, especially global warming,@rius’s habitat

distribution in order to understand the interactmiween environmental factors and the succes®mdetvation

biological control.

MATERIALS AND METHODS

Species data

Approximately 8,0000rius specimens were collected from 126 localities cogedifferent climates of Iran [14]
using nets, aspirators, and white sample traysndu2D10-2012. A dataset compiled from a varietyagbnomic
and faunal studies [26, 27, 28, 25, 8, 9, 11, h8]the records of the species deposited in the WNagEayans Insect
Museum (HMIM) (Iranian Research Institute of PldPtotection) were added to the final dataset. Wen the
georeferenced each locality, assigned coordinatdstitude and longitude and estimated possibl@reusing
original publications by GPS, which led to 310 wmqlocalities (unique latitude—longitude combinasp
(Appendix A). These points were mapped for the gmee ofOrius species using ArcMap (Version 9.3) (Fig.1).

The species were identified by examining the molgipoof the male genital organ according to theskefy[30,15,
12, 8].

Ecological Niche Modeling
We modeled the potential distribution @frius species throughout Iran in both current and pda@krititure
environments using the maximum entropy method ofoggcal niche modeling (MaxEnt ver. 3.3.3¢).

We used the WorldClim dataset [19, 41] comprisiiigeteen temperature and precipitation variables atittide
interpolated across Iran at up to 30 second (1) kesolution (Table 1). In order to estimate thfeef of global
climate change on the potential distribution @ffius species, the same variables were used to charactbe
potential future climate in 2050 based on Globaim@te Models (GCMs), CSIRO-Mk3.0 [16] with the A1B
scenarios (IPCC, 2000).

A randomly selected 75% of the data were used fodehtraining, and the remaining data (25%) weredufer
model testing. The software settings were the sasrtbose followed by [35]. Statistical significartests were also
applied using Maxent and related GIS software, AapMersion 9.3.

The resulting model was evaluated with the areseuttie receiver operating characteristic (ROC) eytv/, 33].
The area under the curve (AUC) statistic as a huldsindependent measure of the performance of deimwith a
range from 0.5 to 1.0 was used to indicate modadiption occurrences and perfect predictions, respy [3, 33].
Jackknife analysis was used to estimate the canioib of each variable based on the performancénefmodel
[32]. ArcGIS 9.3 was used to process and visudhiedinal map.
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RESULTS

A total of 150rius species from 48% of Iran's climates were iderdifi€able 2). Of these speci&€3, nigerandO.
albidipennis were found in 91% and 82% of the climatic regiomsspectively, whileO. perpunctatusO.
maxidentexandO. majusculusvere limited to only a few climatic regions (Tab2 and 3; Fig. 1).

The results from the MaxEnt ecological niche mauglredicted the current distribution of the spediethe genus
(Fig. 2a). Within its putative current range, pons of northeastern and northwestern Iran wereigiestito be
suitable habitats for the genus. In other portiointhe genus’s known range, occurrences were dbyrneedicted in
the north, parts of the northwest and southwestsamall parts of northeastern Iran (Fig. 2a).

The results of the global climate change modelduting CSIRO-Mk3.0 emission scenarios for the pt#tn
distribution ofOrius species for the year 2050 are illustrated in Fig2ly. As the figure shows, the model predicted
a future replacement from the northeast and théhwesst and an expansion of the genus distributtoatds
southern Iran in the future.

Main Variables in the Species’ Distribution Models

The most important explanatory variable was ‘Priéaijpn of the Wettest Period (Biol3)’, with ‘Prpdation of
Wettest Quarter (Biol6)' and ‘Annual Precipitati{®iol2)’ collectively contributing 15.2% to the meldoutput
(Fig. 3). The response curves for ‘PrecipitationVééttest Period’ and ‘Precipitation of Wettest Qadrshowed
that areas with a precipitation range of 50 — 300 during the wettest period and 150-800 mm durirgwettest
quarter had the highest predicted suitability. ‘AahPrecipitation’ with a range of 200-1400 mm aled to a
higher probability of presence after those variabteentioned above. The AUC value for training dess 0.959
(mean [SD] 0.005), indicating a high level of aamy for the Maxent predictions.

DISCUSSION

Species composition and climate data
Among 150rius speciesO. niger, O. albidipennis andO. laevigatuswere the species most frequently found in
different climates of Iran with some overlap of gegphic range in Iran’s plateau.

Our results indicated th&. nigercomprised about 91% of allrius species collected. In this surve&y, nigerwas
present in all regional climates except arid, omidter, and warm summer (Table 3). The presenc®.ohiger
detected by the present study is consistent witlilasi trends found by [5] and [36]. nigerhas adapted to a wide
range of habitat and temperature conditions avddegly distributed throughout the Palearctic regjdf, 5]. This
fact supports the notion that this species domgiatelifferent climate regions.

In this study,O. albidipenniswas present in 82% of the climatic regions (Ta®)leand was widely distributed in
central and southern Iran. The presence of thertdadaptedO. albidipenniswas found in the present survey to be
considerably high in the arid to semi-arid regicgspecially in central, south, and southwestem. [Fhis finding is

in accordance with other reports ©f albidipennisdistribution [13].0. albidipenniss native to the Mediterranean
Basin and East Africa [37]. This distribution pattén locations with diverse climates implies thiasits species is
highly adaptable to a range of arid to hyper-alighates [30, 36].

Orius laevigatusvas observed in semi-arid to semi-humid climaseggesting that it is tolerant of a wide range of
climatic conditions (Table 3). Our results showtt@a laevigatuspreferred habitats with cool to mild winters and
warm to very warm summers (Table 3), a finding ¢steat with results of [1] and [38]. [38] also pt#d out that
this biocontrol agent is frequently found in warmedlities, including southern European habitaté wiild winters.
This species has also been recorded in the BlaakNediterranean, Atlantic Britain coasts, and@amary Islands
[13]. This study implied that these biocontrol aigecould be considered as good candidates fordattion into
new localities for pest control.

Current Distribution and Climate Scenarios

The most common strategy for estimating the actwapotential geographic distribution of a specissta
characterize the environmental conditions that sangable for the species, and then to identify whsuitable
environments are distributed in space [29]. The ef®denerated using 19 climatic variables indicatedjes for
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Orius that are consistent with the known extent of tagadistribution (Fig. 2a). The north, parts of thmthwest,
southwest, and small parts of the northeast of lkeme predicted as suitable habitats €rius. A detailed
evaluation of the bioclimatic variables indicatbdttthese regions have higher annual precipitakian neighboring
areas, and thus they could be considered as praaseas for further biocontrol programs and theduction of
these natural enemies. According to the rate ofribartion of climatic variables (Fig. 3), annualepipitation and
two other variables (e.g. bio 13 and bio 16) wére nost important factors for defining the currdigtribution
model of theOrius species. The general structure of the Iraniancaljure sector, consisting predominantly of
smallholder farming systems, provides the spedig$oiod and pollen needs. Small farms are sepatatedild
marginal plants which make semi-natural ecosystamsind the main crops that are very rich sourcewitof
flowers and good refuges for these natural enefie& 39, 40].

Some regions with no records OFius species presence were also predicted to havebkuithmate conditions,
including the northeast and northwestern Iran whicldominated by a semiarid-cool-warm (SA-C-W) dien
composition. These areas may have been predictedessilt of imperfections in the predictions of models;or to

a lack of records foOrius at locations because of insufficient samples. Harethese regions may truly be
suitable, and other climatic or biotic factors nieylimiting the dispersal of tHerius species to those areas.

According to future scenarios for 2050, northerd anuthwestern Iran is predicted to remain suithlbleitats for
the Orius species. Additionally, a large portion of suitablevironmental space is predicted to become avaiiab
southern Iran under the models of potential glathahate change (Fig. 2b) which are dominated byaad-mild
winter- very warm summer (A-M-VW) climate compositi This was a somewhat unexpected result, as esouth
Iran, which is dominated by an A-M-VW climate, @otdry,having low annual precipitation (below 200 mm fadji
almost entirely in winter). The A-M-VW climate h&sgh relative humidity (60% to 80%), suggestingtt®aius
species may inhabit southern regions of Iran by0J8]. In these future scenarios, suitable ar&as disappearing
from the northeast and the northwest. In fact, hase our analysis, these areas seem not to betelisuétable
because of climatic changes. Climate change isavilom the increase in global average temperateteanges in
rainfall patterns, and the occurrence of extrermeatic events [22]. Some regions were projectebet@limatically
unsuitable as a consequence of global warming, asitbmperature stress in the eastern regionmf Ira

In conclusion, this research raises the issue ®fitipacts of climate change, which can be useféxpanding
Orius distributions towards the southern and westertspariran, but also altering the location of thengsOrius
as proposed over the next years.

Appendix A. locality Lat/Long for Orius speciespresence records

Sprcie: X Y

Orius albidipenni 52.5869444 | 29.6116666
Orius albidipennis 52.43888889| 29.96972222
Orius albidipennis 52.57361111| 28.61333333
Orius albidipennis 52 29.96666667
Orius albidipennis 52.65222222 29.2725
Orius albidipennis 52.72166667 29.1975
Orius albidipenni 52.6941666 | 29.5758333
Orius albidipennis 52.14833333| 29.67138889
Orius albidipennis 52.43333333 30.2
Orius albidipennis 52.68083333| 29.98944444
Orius albidipennis 54.32777778| 29.19888889
Orius albidipennis 53.03205556| 28.48494444
Orius albidipennis 53.23027778] 29.26055556
Orius albidipennis 52.65694444| 29.418611111
Orius albidipennis 52.72361111] 29.7741666/7
Orius albidipennis 52.43888889| 29.9697222P2
Orius albidipennis 52.52583889| 29.63608056
Orius albidipennis 52.68083333] 29.98944444
Orius albidipennis 53.20194444| 28.96888889
Orius albidipennis 54.32777778| 29.19888889
Orius albidipennis 51.98315556| 30.260286111
Orius albidipennis 52.59014167| 30.07322778
Orius albidipennis 52.52583889| 29.63608056
Orius albidipennis 53.20194444| 28.96888889
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Orius albidipennis 51.69 29.205
Orius albidipennis 53.32083333| 29.5011111]1
Orius albidipennis 53.20194444| 28.96888889
Orius albidipenni 53.2019444 | 28.9688888
Orius albidipennis 53.20194444| 28.96888889
Orius albidipennis 53.20194444| 28.96888889
Orius albidipennis 51.98315556| 30.260286111
Orius albidipennis 52.47083333| 29.77138889
Orius albidipennis 52.47083333] 29.82138889
Orius albidipenni 53.3208333 | 29.5011111
Orius albidipennis 50.45212222| 33.914761111
Orius albidipennis 56.26777778] 27.18027778
Orius albidipennis 57.18694444| 27.4466666/7
Orius albidipennis 59.53666667| 36.32305556
Orius albidipennis 51.58485556| 35.79991944
Orius albidipennis 52.61333333| 29.58472222
Orius albidipennis 57.08416667| 30.29388889
Orius albidipennis 61.50111111] 31.02861111
Orius albidipennis 50.86444444| 32.32555556
Orius albidipennis 48.51583333| 34.79611111
Orius albidipennis 54.43611111] 36.83944444
Orius albidipennis 52.42166667| 29.74777778
Orius albidipennis 52.68083333| 29.98944444
Orius albidipennis 49.45694444| 36.85944444
Orius albidipennis 56.28083333| 27.316111111
Orius albidipennis 56.36277778 27.2425
Orius albidipennis 57.18694444| 27.4466666]7
Orius albidipennis 52.57361111] 28.61333333
Orius albidipennis 53.03205556| 28.48494444
Orius albidipennis 53.27555556| 28.34463889
Orius albidipennis 53.20194444| 28.96888889
Orius albidipennis 53.21916667| 28.96888889
Orius albidipennis 51.69 29.205
Orius albidipennis 53.23027778| 29.26055556
Orius albidipennis 52.68083333| 29.98944444
Orius albidipennis 52.75583333| 29.81777778
Orius albidipennis 52.69416667| 29.57583333
Orius_albidipenni 52.6658333 | 29.7488888
Orius albidipennis 52.42166667| 29.74777778
Orius albidipennis 52.47083333] 29.77138889
Orius albidipennis 52.53916667| 29.62916667
Orius albidipennis 52.48 29.71305556
Orius albidipennis 51.65416667| 29.61555556
Orius_albidipenni 52.6133333 | 29.5847222
Orius albidipennis 52.52776111 29.5754
Orius albidipennis 52.57853333 29.56165
Orius albidipennis 52.76388889| 29.84361111
Orius albidipennis 52.58694444| 29.72833333
Orius albidipennis 54.1875 31.7425
Orius_albidipenni 54.1683333 31.737!
Orius albidipenni 54.3819444 | 31.8583333
Orius albidipennis 54.16583333] 31.73138889
Orius albidipennis 54.43083333| 31.57277778
Orius albidipennis 51.07972222| 30.99138889
Orius albidipenni 50.9052777 | 35.8008333
Orius_albidipenni 53.0511111 | 36.5622222
Orius albidipennis 52.35666667| 36.47027778
Orius albidipennis 49.45972222| 37.47611111
Orius albidipennis 49.58638889| 37.26888889
Orius albidipennis 54.98444444| 36.48305556
Orius albidipennis 54.95111111| 36.42805556
Orius_albidipenni 59.4447222 | 36.3366666
Orius albidipennis 59.53666667| 36.32305556
Orius albidipennis 59.53833333| 36.3181666]7
Orius albidipennis 59.53944444| 36.31638889
Orius albidipennis 54.98888889| 36.46583333
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Orius albidipennis 58.32888889| 36.10305556
Orius albidipennis 57.08416667| 30.29388889
Orius albidipennis 51.67138889| 32.6597222P2
Orius bulgaconet 45.0845833 | 37.5816666
Orius bulgaconeus 45.13472222| 37.28888889
Orius bulgaconeus 52.35666667| 36.47027778
Orius horvathi 52.42166667| 29.74777778
Orius horvathi 52.58694444| 29.61166667
Orius horvathi 51.98333333] 29.661111111
Orius_horvath 52.6480555 | 29.1016666
Orius_horvathi 52.57361111] 28.61333333
Orius horvathi 52 29.96666667
Orius horvathi 52.43333333 30.2
Orius horvathi 52.81583333| 29.34888889
Orius horvathi 52.53888889| 29.603611111
Orius_horvathi 52.55 28.95
Orius_horvathi 52.61916667| 29.0747222P2
Orius horvathi 52.68083333| 29.98944444
Orius_horvthi 49.945 36.89444444
Orius horvthi 48.52583333| 37.61166667
Orius horvthi 48.33611111] 37.6866666/7
Orius_horvthi 48.60916667| 37.56083333
Orius _horvthi 48.71833333| 37.38861111
Orius horvathi 51.07972222| 30.99138889
Orius_horvathi 52.48777778| 29.6347222P
Orius_horvathi 54.3583333 30.0388884
Orius horvathi 59.47333333| 36.5166666/7
Orius horvathi 52.75583333| 29.81777778
Orius_horvathi 52.59111111| 29.71916667
Orius horvathi 52.68083333| 29.98944444
Orius_horvathi 52.64805556| 29.1016666[7
Orius_horvathi 52.53916667| 29.6291666[7
Orius horvathi 51.98315556| 30.26028611
Orius horvathi 52.47083333| 29.77138889
Orius _horvathi 59.02638889 35.66388889
Orius laticollis 52.58694444| 29.6116666/7
Orius_laticollis 51.98333333] 29.66111111
Orius laticollis 52.6941666 | 29.5758333
Orius _laticollis 52.81583333| 29.34888889
Orius laticollis 52.68083333| 29.98944444
Orius _laticollis 54.32777778] 29.19888889
Orius laticollis 52.53888889 29.60361111
Orius_laticollis 52.58694444| 29.6116666[7
Orius laticollis 52.8158333 | 29.3488888
Orius laticollis 52.59111111] 29.7191666/7
Orius laticollis 49.32194444| 37.3116666/7
Orius _laticollis 51.98333333] 29.66111111
Orius laticollis 52.69416667| 29.57583333
Orius_laticollis 52.81583333| 29.34888889
Orius_laticollis 52.6808333 | 29.9894444
Orius_laticollis 54.3277777 | 29.1988888
Orius laticollis 52.53888889| 29.60361111
Orius laticollis discolor | 52.61138889| 31.82555556
Orius laevigatus 51.98333333] 29.661111111
Orius leevigatu: 52.5736111 | 28.6133333
Orius laevigatu 52.3166666 | 28.5833333
Orius laevigatus 52.65222222 29.2725
Orius laevigatus 52.57083333| 28.84388889
Orius laevigatus 52.72166667 29.1975
Orius laevigatus 52.66583333| 29.74888889
Orius laevigatus 52.55 28.95
Orius laevigatu 52.6191666 | 29.0747222
Orius laevigatus 52.66583333] 29.74888889
Orius laevigatus 51.98333333| 29.661111111
Orius laevigatus 52.57361111| 28.61333333
Orius laevigatus 52.42166667| 29.74777778
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Orius laevigatus 52.68083333| 29.98944444
Orius laevigatus 56.28055556| 27.31555556
Orius laevigatus 56.35777778] 27.21138889
Orius laevigatu 52.9713888 | 28.5808333
Orius laevigatus 52.57361111| 28.61333333
Orius laevigatus 53.21027778] 36.64055556
Orius laevigatus 52.35666667| 36.47027778
Orius laevigatus 49.44416667| 37.44833333
Orius laevigatus 49.58638889 37.26888889
Orius laevigatu 49.6619444 | 37.3941666
Orius laevigatus 47.85916667| 39.4666666[7
Orius _majusculus 49.58638889 37.26888889
Orius maxidentex 56.28055556| 27.31555556
Orius maxidentex 56.35777778| 27.21194444
Orius maxidentex 56.35694444| 27.21527778
Orius_minutus 44.96361111| 38.52805556
Orius_minutus 49.58444444| 37.26805556
Orius minutus 52.42166667| 29.74777778
Orius_minutus 52.68083333| 29.98944444
Orius_minutus 48.52583333| 37.6116666/7
Orius_minutus 49.31916667| 37.3116666/7
Orius niger 46.7 37.91666667
Orius _niger 46.73333333]  37.93333333
Orius niger 61.31508333| 29.12808333
Orius _niger 47.09538889| 38.36497222
Orius _niger 52.77916667| 29.24638889
Orius niger 52.58694444| 29.6116666/7
Orius niger 52.43888889| 29.96972222
Orius _niger 51.98333333| 29.66111111
Orius niger 52.57361111] 28.61333333
Orius niger 52.65222222 29.2725
Orius _niger 52.57083333| 28.84388889
Orius niger 52.69416667| 29.57583333
Orius niger 52.72166667 29.1975
Orius _niger 52.14833333| 29.67138889
Orius niger 52.43333333 30.2
Orius _niger 52.81583333| 29.34888889
Orius _nige 52.6808333 | 29.9894444
Orius niger 54.32777778] 29.19888889
Orius niger 52.66583333] 29.74888889
Orius _niger 53.03205556| 28.48494444
Orius niger 51.98315556| 30.260286111
Orius _niger 52.53888889| 29.60361111
Orius nige 52.5488888 | 29.5302777
Orius niger 59.47333333] 36.5166666/7
Orius niger 59.15472222| 36.47888889
Orius _niger 59.02638889| 35.66388889
Orius niger 52.72361111] 29.7741666/7
Orius _niger 52.72361111| 29.77416667
Orius nige 51.6541666 | 29.6155555
Orius nige 52.44¢ 30.2091666
Orius niger 51.65416667| 29.61555556
Orius _niger 53.32083333| 29.50111111
Orius niger 52.52583889| 29.63608056
Orius _nige 52.7558333 | 29.8177777
Orius nige 51.9831555 | 30.2602861
Orius _niger 52.52583889| 29.63608056
Orius niger 51.98315556| 30.260286111
Orius _niger 53.20194444| 28.96888889
Orius niger 53.20194444| 28.96888889
Orius _niger 53.20194444| 28.96888889
Orius _nige 53.2019444 | 28.9688888
Orius niger 53.20194444| 28.96888889
Orius _niger 51.98315556| 30.26028611
Orius _niger 52.47083333| 29.77138889
Orius niger 52.68083333| 29.98944444

Scholars Research Library



Delaram Erfanfar et al

Euro J Zool Res, 2014, 3 (2):43-55

Orius niger 53.32083333] 29.501111111
Orius_niger 52.42166667| 29.74777778
Orius niger 52.68083333| 29.98944444
Orius_nige 48.5258333 | 37.6116666
Orius_niger 49.68666667| 36.81194444
Orius niger 49.945 36.89444444
Orius niger 49.45694444| 36.85944444
Orius_niger 49.51861111| 36.62944444
Orius niger 49.42027778| 36.73277778
Orius_nige 48.992! 37.1597222
Orius_niger 49.50166667| 36.89305556
Orius niger 49.52916667| 36.8766666/7
Orius niger 49.40805556 36.805
Orius_niger 49.87277778| 37.43333333
Orius niger 48.52583333] 37.6116666/7
Orius_niger 53.23027778| 29.26055556
Orius_niger 52.53916667| 29.6291666[7
Orius niger 52.48 29.71305556
Orius_niger 52.42166667| 29.74777778
Orius_niger 52.58694444| 29.72833333
Orius niger 57.18694444| 27.4466666/7
Orius niger 54.1875 31.7425
Orius_niger 54.38138889| 31.85833333
Orius niger 54.43083333] 31.57277778
Orius_niger 54.43777778| 31.55638889
Orius_niger 51.07972222| 30.99138889
Orius niger 49.98583333 36.2575
Orius niger 51.06694444| 28.93444444
Orius_niger 53.21027778| 36.64055556
Orius niger 53.05111111| 36.5622222
Orius_niger 52.35666667| 36.47027778
Orius_niger 49.45916667| 37.43138889
Orius niger 49.44416667| 37.44805556
Orius niger 49.46305556 37.4725
Orius niger 49.46138889 37.475
Orius_niger 49.58638889| 37.26888889
Orius_niger 47.85916667| 39.4666666/7
Orius nige 44.9636111 | 38.5280555
Orius niger 44.965 38.52888889
Orius niger 45.13472222| 37.28888889
Orius_niger 44.40611111] 38.47611111
Orius niger 4440777778 38.47694444
Orius_niger 45.08458333| 37.5816666/7
Orius nige 45.0840555 | 37.5841111
Orius niger 54.98444444| 36.48305556
Orius niger 54.95111111] 36.42805556
Orius_niger 59.53833333| 36.3181666[7
Orius niger 59.53944444| 36.31638889
Orius_niger 59.53972222| 36.31638889
Orius nige 59.5369444 36.3:
Orius_nige 59.4441666 | 36.3347777
Orius niger 59.69222222| 36.2541666|7
Orius_niger 59.53666667| 36.32305556
Orius niger 58.32888889| 36.10305556
Orius_nige 50.3213888 | 33.2419444
Orius _nige 58.3652777 | 29.1063888
Orius niger 52.17055556| 30.3416666/7
Orius pallidicornis 54.95111111] 36.42805556
Orius_Pallidicornis 53.03205556| 28.48494444
Orius Pallidicornis 53.20194444| 28.96888889
Orius perpunctatus 52.75583333| 29.81777778
Orius retama 52.4216666 | 29.747777¢
Orius_retamae 52.68083333| 29.98944444
Orius_retamae 52.57361111] 28.61333333
Orius_retamae 52.97138889| 28.58083333
Orius retamae 53.27555556| 28.34444444
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Orius retamae 52.69416667| 29.57583333
Orius retamae 54.1875 31.7425
Orius retamae 54.43083333| 31.57277778
Orius retama 51.0797222 | 30.9913888
Orius retamae 54.95111111| 36.42805556
Orius retamae 52.62916667| 28.45077778
Orius vicinus 45.08458333| 37.5816666/7
Orius vicinus 49.94444444, 37.265
Orius vicinus 59.44416667| 36.3347222R
Orius vicinu: 51.5666666 35.8

Orius vicinus 45.0725 37.55527778
Orius vicinus 51.38333333| 35.81666667
Orius vicinus 52.43333333 30.2
Orius vicinus 52.81583333| 29.34888889
Orius vicinus 54.32777778] 29.19888889
Orius vicinus 52.53888889| 29.603611101
Orius vicinus 59.02638889| 35.66388889
Orius vicinus 52.58694444| 29.6116666[7
Orius vicinus 54.32777778| 29.19888889
Orius vicinus 52.59014167| 30.07322778
Orius vicinus 52.59111111| 29.71916667
Orius vicinus 52.42166667| 29.74777778
Orius vicinus 52.68083333| 29.98944444
Orius vicinus 51.28333333| 36.43333333
Orius vicinus 49.58638889| 37.26888889
Orius sp. 45.13472222| 37.28888889
Orius sp. 4496166667 38.528611101
Orius sp. 57.18694444| 27.4466666[7

Fig.1. Location map ofOrius species in 23 climates of Iran
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Fig. 2a.Current suitability of Orius species areas
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Table 1. Selected environmental variables in Maxennodel for Orius species in Iran

Bioclimatic variables

biol

(Annual mean temperature)

bio2

(Mean diurnal range)

bio3

(Isothermality)

bio4

(Temperature seasonal

bio5

(Max temperature of warmest period)

bio6

(Min temperature of coldest period)

bio7

(Temperature annual range)

bio8

(Mean temperature of wettest quarter)

bio9

(Mean temperature of driest quarter)

biol0 (Mean temperature of warmest qua

bioll (Mean temperature of coldest qua

biol2 (Annual precipitation)

bio13 (Precipitation of wettest period)

biol4 (Precipitation of driest period)

biol5 (Precipitation seasonality)

biol6 (Precipitation of wettest quar

biol7 (Precipitation of driest quart

bio18 (Precipitation of Warmest quarter)

bio19 (Precipitation of coldest quarter)

alt

(Altitude)

Jackknife of regularized training gain for Orius

0.2 04 0.6

0.8 1.0 1.2

regularized training gain

Withoutvariahle ®
With anly variahle ®
With all variables ®

Fig. 3. Jackknife of the regularized training gain(Maxent model): without variable (light blue), with only variable (blue), with all

variables (red)
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Table 2. Collection localities ofOrius species and their percent distribution in 23 climges of Iran

Species Climates Percentage of species

. . A-C-VW/ A-C-W/ A-M-VW/ H-C-W/ PH-C-W/ SA-C-W/ SA-K-M/ SA-kW/ SH-C-W/ 91%
Orius niger SH-K-W
Orius albidipennis A-C-VW/ A-C-W/ A-K-W/ A-M-VW/ H-C-W/ PH-C-W/ SA-C-W SA-K-W/ SH-C-W 82%
Orius laevigatus A-C-VW/ A-C-W/ A-M-VW/ H-C-W/ PH-C-W/ SA-C-W/ SH-CW 64%
Orius horvathi A-C-VW/ A-C-W/ SA-C-W/ SA-K-M/ SA-K-W/ SH-K-W 55%
Orius vicinu: A-C-VW/ A-C-W/ PH-C-W/ SA-C-W/ SA-K-W/ SH-C-W 559
Orius laticollis A-C-W/ PH-C-W/ SA-C-W 28%
Orius pallidicornis A-C-W/ A-M-VW 19%
Orius perpunctatt SA-C-W 10%
Orius minutus PH-C-W/ SA-C-W/ SA-K-M/ SA-K-W 37%
Orius retamae A-C-VW/ A-C-W/ A-M-VW 28%
Orius bulgaconu H-C-W/ SA-K-W 19%
Orius maxidentex A-M-VW 10%
Orius majusculus PH-C-W 10%
Orius sp. SA-K-W 10%
Orius sp. A-M-VW

Table 3. Description of the 23 Climates of Iran, inluding Moisture, Winter and Summer

Climates codes  Moisture Winter  Summer
A-C-VW Arid Cool Very Warm
A-C-W Arid Cool Warm
A-K-M Arid Cold Mild

A-K-W Arid Cold Warm
A-M-VW Arid Mild Very Warm
A-M-W Arid Mild Warn
H-C-W Humid Cool Warm
H-K-M Humid Cold Mild
H-K-W Humid Cold Warn
HA-C-VW Hyper Arid Cool Very Warm
HA-M-VW Hyper Arid Mild Very Warm
PH-C-W Post Humic  Cool Warn
PH-K-C Post Humid Cold Cool
PH-K-M Post Humid Cold Mild

SA- C-VW Semi Arid Cool Very Warm
SA-C-W Semi Arid Cool Warm
SA-K-M Semi Arid Cold Mild
SA-K-W Semi Arid Cold Warm
SA-M-VW Semi Arid Mild Very Warm
SH-C-VW Semi Humid  Cool Very Warm
SH-C-W Semi Humid  Cool Warm
SH-K-M Semi Humid  Cold Mild
SH-K-W Semi Humid Cold Warm
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