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Abstract: Thexerophilous vegetation with characteristic insect assemblages is desaribed
the main agricultural regions and native landscapes of Turkey. Long term intensive
investigations documented vast biotic degradation of soil and vegetation (commonly referred
to as desertification) by overgrazing, construction, recreation etc. Two tymeEs of xeric
landscape are under investigation: 1) natural highly specific deserts;desenis, dry
mountain slopes and screes; and 2) anthropogenic, newly emerged, floristically impoverished
desertified areas. The presence of a rygécies insect asmblage on a xerophilous plant in
certain area testifies its indigenous nature, whereas the absence of the specific consortium
suggests recent plant invasion. The examples of the first case are the consofiapecies

of Coleoptera, mainly BuprestidaChrysomelidae, and Curculionoidea, on some Apiaceae,
Asteraceae, Brassicaceae, ChenopodiadepleedraceaeEphedraspp.) and Polygonaceae
(Calligonum polygonoides L.). Extreme examples of anthropogenic vegetation are
overgrazed wormwood steppe and s#ssert which lack usually diversified coleopterous
consortia, including the most characteristic of this landscapg., tenebrionids, and
orthopterans. Rapid disappearance of the xerophilous complexes from the extraordinarily
diversified and largely unirentoried Turkish biota makes preservation of the endangered
plant and animal assemblages in different climatic zones of Turkey an urgent task.

Key words: Xerophilous, erosion, desertification Curculionoidea, Chrysomelidae,
Buprestidae.
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Introduction

Desetification is a relatively new term but it is also an old issue in the European
Mediterranean zone corroborated by the abundance of historical refeheglekghting the
concern of different cultures on important land degradgrmtesses in the regidqRubio
2003).Desertification (representing soil degradation) is one of the natdreced(climate
change, hydrological cycle) and humerduced challenges (population growth,
urbanization and food production) of global environmerdhnge. Both naturaand
humaninduced components closely interact and contribute to fatal outcqiesrily to
extreme weather events and hydneteorological disasters (drougtitash floods and
storms) ad environmentallyinduced huranmigration (Brauch 2003).

The Mediteranean Region is one of the most affected by thaésgradation
processes. While in the northern Mediterranean the desertificaipacts are more
related to environmental problems, in the southern Mediterrazmantries, desertification is
also a very seere social and food security problem. In the future those problems can spread
to the whole Mediterranean are@he combat against desertification must involve the
sustainable use of water asdil resources and vegetation cover. The task really is urgent
and all the governments should contribute to solving it. On the other hand, the
Mediterranean Region is one of the most threatened by the climate change, which can speed
up the desertificatiorprocess. Some indicators of the degree of desertification are
related toenvironmental, social, economic, technological and political issues (Bermudez &
Gomez 2003).Desertification is the consequence of a series of important degradation
processefn the Mediterranean environments, especially in sandi and arid reigns, where
water is the main factor limiting land use performance. Amading most important
processes of desertification are soil erosion and salinizpidicularly affecting hilly areas
and lowlands, respectively (Kosmas & Yassoglou 200Bxnd degradtion and
desertification represent one of the most striking sets of processes affecting the
Mediterranean Region and causing persistent deterioratidheophysical, chemical and
biological properties of the land components, especially the soil (Ztlaili2003).

Desertification and erosion are important environmental problems in Turkey
(Gultekin et al. 2006a, b)Productive agricultural, forest and pasture lands were destroyed
by urbanization, industrialization, increasing tourism and recreationiteetjvovergrazing
and other agricultural uses in recent years. Combal@sgrtification and deforestation and
control of erosion are among the main dutéshe Ministry of Environment and Forestry.
Afforestation, improving pasture armdeadows, land relbilitation and erosion, flood and
landslide control activities must lm®nducted efficiently as well as rehabilitation of forest
ecosystems. In addition ionplementation of the new technologies, it will be useful to
increase publi@wareness (Karakurt @8).

Desertification has been recognized as an environmental problem by many
internationalorganizations such as the UN, NATO and FAO. The UN has been studying the
possibility of desertification control since the early seventies becausegative effect®f
desertificationon the economyand its causingunbalanced food production which are
especially conspicuous in areas willense populatianin 1992, at the Riade Janeiro
Environment Conference, the UN particularly stressed the desertification ofcmantyies,
such as TurkeyDesertification in Turkey is generally caused lmgorrect land use,
excessive grazing, forest fires and uncontrolled wild pfacking. Soil erosion is also a
significant land degradation factor due to topographima@hditions ad salinization of
agricultural soils in Turkey.Urbanization and soil sealing also have become serious
problems on the fertilagricultural lands. Due to anthropogenic destruction of forests,
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the steppe vegetatiagradually became dominant in Anatolia.ig s particularly alarming

since Turkey is famous in Europe and the Middle East for its high biodiveTsitkey
occupiesa special place in the global concern in terms of desertification because of its
biodiversity, agricultural potential, high poputati social and economical structure,
topographical factors and strategic regional location. Communication between scientists,
decision makers and international Aomfit organizations must benproved (Camcet al.

2003).

According to the Turkey Second tianal Report (Anonymous 2002), erosion is one
of the most severe rural environmental problems affecting to a varying degree 81% of the
total land surfaceAbout 73% of the cultivated land and 68% of the prime agricultural land
is prone to erosion. Streapank erosion affects 57.1 million ha while wind erosion degrades
another 466000 ha. As a result, about one billion tons of soil is carried away each year. The
proportion of areas prone to erosion is at a "critical" level in some provinces of the country
where the area of forested land is also relatively hidis indicates that agricultural land in
these provinces mostly consists of diffietdthold soils of steep slopes where agricultural
plots have been created through deforestation. The share of sesien also is larger in
areas where agriculture is practiced without any soil conservation measures. Erosion has
other negative impacts, such as reducing the life of dams through siltation.

To understand such a complex biological and anthropogenic plean as
desertification requires a multidisciplinary approach. In this paper we present the results of
both botanical and entomological studies as plant and insect communities provide a clear
picture of desertification and its impact on the environment.

Xerophytes are plants adapted to arid environments. Although present in various types
of landscape, xerophytes are most abundant in deserts where they constitute or dominate
native vegetation. Perfectly adapted to xeric environments, many xerophytgsegasihd
their ranges when the climate in the areas adjacent to their current range gets drier or
degradation of native vegetation results in destruction and change of the soil. This is why
many eastern inland Eurasian ruderal plants and weeds easilgsedbeir propagation to
Europe and the Mediterranean where woodlands are still being reduced and the climate in the
recent decades is apparently getting warmer. The study of xerophytes in the rather poorly
known Anatolian deserts and dry steppes is esddmbth for registration of the existing
native desert plant communities and for monitoring the expansion of desert plants and entire
communities, i. e., the desertification process. The xerophilous flora of Eastern Turkey
includes many poorly known taxacluding highly specialized endemic species and even
genera, some apparently still waiting for scientific description. Quite recently, a new species
of a xerophilous plant genu§troganoviaKar. & Kir., new to the Turkish flora and a
specialized herbiver of the weevil genu€eutorhynchussermar, 1824 were discovered in
the Aras valley and described (Dorofeyet al. 2004; Dorofeyev 2006); an interesting
assemblage of weevils was found on an endemic NE Turkish plant gehimatchewia
Boiss. characterigt of steep mountain slopes and screes (Korotyaev & Gultekin 2003), and a
number of other previously poorly known members of xerophilous plant communities in arid
regions have been found together with their herbivores. The present work aims to provide an
inventory, complete description, photographs, and an entomological investigation of the
xerophytes mostly in eastern Turkey with special emphasis on the families Chenopodiaceae,
Brassicaceae, Apiaceae, Ephedraceae, and Asteraceae playing importantmalsstypes
of the xerophilous plant communities.

All these plant families have many specialized herbivores among the Coleoptera
(beetles) This insect order, comprising 24 superfamilies with 211 families of insects
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(Bouchardet al.2011)with hard integurant and extreme diversification of habits, constitutes

a core of the invertebrate xerophilous assemblages both in the steppe (Korotyaev 2000;
Konstantinovet al. 2009) and deserts (Kaplin 1981; Mamaatval. 1982; Korotyaewet al.

1983; Alexeev & Volkovite 1989; Soyunov 1991; Volkovitsh & Alexeev 1992, 1994;
Konstantinowet al. 2009). Many desert plants and those forming communities on screes have
specialized herbivores among Coleoptera (Tokgayev & Nepesova 1964; Krivosheina 1975;
Gurbannepesov & Begov 167 Korotyaev & Gultekin 2003; Korotyaegt al. 2012). Of

these, species of the families Buprestidae and Chrysomelidae, and of the superfamily
Curculionoidea, are predominant. Many of them are not only specific to certain hosts, but
have rather limited digbution and are characteristic of particular types of plant
communities. Being so narrowly specialized, these beetles can indicate certain important
features of plant communities which they inhabit. For example, in the recent decade with
repeated unusuglwarm summers several species of butterflies and beetles of more southern
distribution have been recorded in many European countries, including southern regions of
Russia neighbouring Turkey (Korotyaev 2013). These observations were possible because
distribution of the relevant insect families in Europe is known in detail, so that even single
appearances of conspicuous insects are usually immediately noticed by specialists. Revealing
entire complexes of specialized herbivores or wborkrs on some xeropbus plant would

mean its establishment long ago in a particular area and the likelihood of its native presence
there. On the contrary, absence of specialized herbivores on a plant in a particular area when
it possesses a mukpecies consortium in othparts of its range would most probably mean

its recent appearance in this area. Consequently, Coleoptera are good indicators of the
desertification process when their fauna and trophic associations in the region are well
known. Sometimes Coleoptera mayilitate the desertification process themselves, as, for
example, the leabeetleTheone silphoide¢Dalman, 1823) defoliatind\rtemisialL. in the
Caspian Lowland, the area with rapidly progressing desertification, which is an increasing
problem in the enté steppe zone of Russia (Vinogradov 20¥&}emisiais one of the
edificatory plants in these deserts subject to overgrazing, but even when the pasture load is
controlled the recent ledifeetle outbreaks facilitated the increased degradation of the
vegettion and the progressive erosion. Another example is a heavy damagéJimiise..
windbreaks byXanthog@leruca luteola(Mtiller, 1776) (Chrysomelidae) in the southeastern
parts of European Russia (Kalyuzhnagt al. 1995), followed by an outbreak of this
chrysomelidin Ukrainein the recent years (Zhavoronkova 2007). The expansion of the desert
landscape brings aggressive complexes of xerophilous insects closer to crops; this is
especially dangerous to sugar beet, which may be attacked by many weewdtsrenteaf

beetles associated with wild Chenopodiaceae as often happens in Middle Asia (Brunner,
1954). Urban and suburban afforestations also become subject to attack by desert herbivores,
especially in dry seasons and years, which has been shown reaehntikmenistan, where

the Moroccan locustDociostaurus maroccanuélhunberg, 1815) (Orthoptera, Acrididae)
damaged ornamentdPinus eldaricaMedw. (Pinaceae) an@iota orientalis (L.) Endl.
(Cupressaceae) in the Koiten Dagh and Kopet Dagh mountainarfieik 2014).

Investigation of the xerophilous plants and associated arthropods is essential for the
scientific description and understanding of the desertification and erosion processes typical of
arid regions and intense in the greatest part of Turkekinganventories of the flora and
fauna are the first steps in the evaluation of these processes, providing primary data on the
composition of the plant associations in native deserts, on mountain slopes and in the
anthropogenically desertified and erodméas, and on insects associated with these plants.
The list of the desert flora enables recognition of the pioneers of desert communities in their
expansion outside native range and monitoring the desertification process.
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Because of awide and somewlmtd s e use of the term fAdeser
to a poor knowledge of the distribution and floristic composition of the native desert and
semi desert plant associations in Turkey, we
respect to the veggeat i on and soi |l instead of ARdesert
particular desert plant or an entire desert plant community is proved. Consequently, we tried
first to make a brief review of the native deserts and semideserts in Turkey with prgliminar
characteristics of the assemblages of insects, primarily Coleoptera, associated with desert
plants, especially with those dominating desert communities, or with species of a particular
interest of any kind, scientific or economic. Revealing insect agagetspecific to a certain
desert plant helps understanding whether this plant is an aborigine of a particular area (then it
may have a speciggh insect assemblage, = consortium) or is newly established there (in
the latter case the plant often beingpdved of specific herbivores or harbouring a few of
them, usually those with highest capability of dispersal).

We used the same approach to investigate the erosion of mountain slopes caused by
the transfer of the ground (mostly small stones or clayrbyity greatly facilitated by water,
wind, and seismic activity. This natural process is perfectly modeled by soil disturbance in
the course of construction of roads, power lines, etc., so that mountain slopes along relatively
old roads are covered by \atgtion hardly distinguishable from that existing on native screes
and detritus or clay slopes. Insect assemblages associated with these plant communities are
very speciesich and characteristic (Dorofeyeat al. 2004; Korotyaev & Gultekin 2003;
Gultekin& Korotyaev 2011; Korotyaeet al 2012).

Bioindicators are organisms whose biological functions are closely correlated with
specific environmental factors (Gerhardt 2002). A set of bioindicators from a particular
locality can provide quick, yet reliabl@formation on the state of the environment, i.e.,
whether it is maintaining a relatively stable condition or there is evidence of a disturbance
which may shortly result in a complete loss of the integrity of the natural complex.

Because of the lack ofethiled maps of the vegetation of Turkey, we have tried to
elaborate a general presentation of the state of the soil and vegetation with characteristic
insect assemblages in the main agricultural regions, natural deserts and semideserts, heavily
overgrazedareas near springs, Mediterranean coastal sand dunes and lagoons, at field
margins, roadsides, and on dry slopes and screes of a natural and anthropogenic origin. Based
on data on the general distribution and ecological features of the insects asswsitlated
particular xerophilous plants or plant communities, we have tried to select insect species and
associations characteristic of the examined plants and phytocoenoses and to estimate their
role as possible bioindicators of native desert communities wbugtypes, and of the
processes of the soil and vegetation degradation (= desertification or erosion in general).

Material and methods

A species inventory of Coleoptera of the families Buprestidae, Chrysomelidae, and
the superfamily Curculionoidea assamted mainly with plants of the families
Chenopodiaceae, Brassicaceae, and Ephedraceae in Eastern Turkey has been compiled based
on field investigations and literature data. Material also was searched for on plants of other
dominate families in some desemnd other xerophilous communities,g., Asteraceae,
Zygophyllaceae, Peganaceae, Polygonaceae, Papaveraceae, Caryophyllaceae, and Apiaceae
(Table 3). Distribution of plants of these families in eastern Turkey has been documented by
herbarium specimens, it taxonomic and distributional studies of phytophages of some
poorly known plants performed when necessary.
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In June 19i July 14, 2005, 70 localities were examined by our research team (L.
Gultekin, B. A. Korotyaev, M. G. Volkovitsh and V. V. Dorofeyen) a more than 7000 km
long trip in the 2€day expedition in Turkey. The list and characteristics of the localities are
given in Table 1 and Fig. 1. In addition, L. Giltekin has conducted expeditions (more than
3000 km) for further investigations on sorspecies which can be possible bioindicators,
mostly those of the erosion process. The observations were illustrated with many photographs
taken with digital cameras. Plants and insects were collected in most of the localities visited,
and preliminary desitions of the vegetation and flora in the places of the most intense
and/or productive collecting were made by V. I. Dorofeyev.

Table 1.List of locations investigated in 2005 in Turkey.

Location  Province Label data 1 Label data 2 Latitude Longitude Altitude Date
(North) (East) (m)
TRO501 Ankara Hwy 140 17.5 km E of 40e08"'"(0C33el12" 1344 20.06.2005
Esenboj a
TR0502  Ankara Hwy 140 21.4 km E of 40e08'433e14" 1174 20.06.2005
Esenboj a
TRO503 Kér ékkal Hwy200 39.2 km SE of 39e55'233¢22" 696 20.06.2005
Esenboj a
TR0O504 Kér éeékkal Hwy200 11 kmNW of 39e55'433¢25" 672 20.06.2005
Kéerékkal e
TRO505 = Ankara Tuz Golu 18 km NW of 39e05'333¢23" 918 21.06.2005
kerefl i ko-
TR0506  Ankara Hwy 750 43.7kmSofAnkara 39e30' 532e¢52 1162 22.06.2005
TRO507  Konya Diden Golu 6.95kmSEofKuu 39e03' 433e08" 973  22.06.2005
TR0508  Ankara Tuz Golu 25.6 km NW of 39e08'433e19" 921 22.06.2005
kerefliko-
TRO509  Ankara Tuz Golu 18.6 km SE of 38e48'533¢36" 943  23.06.2005
kerefli ko-
TRO510 = Aksaray Tuz Golu 44.2 km NW of 38¢37'033¢45" 920 23.06.2005
Aksaray
TR0511  Aksaray Tuz Golu 36 km NW of 38e37'033e42" 924 23.06.2005
Aksaray
TR0512  Aksaray Hwy 300 11.1 km SW of 38e19' 333e53" 951 23.06.2005
Aksaray
TR0513  Konya Tuz Golu 339kmNWofEskii 38e37' 233e08" 916 23.06.2005
TR05-14 Konya Hwy 715 40kmNEofKonya 38e13'232e45" 991 24.06.2005
TRO515  Konya Hwy 330 32.6 km NE of 37¢e51'432¢00" 1364 24.06.2005
Beykehir
TR0516 Konya Hwy 330 19.5 km NE of 37e49'431e¢50" 1189 24.06.2005
Beykehir
TRO517  Isparta Hwy 330 8.8 km WNW of 38¢e02'331e¢26"' 1228 24.06.2005
kar ki kar aa
TRO518  Burdur Hwy 685 224kmSEoofIsparta 37e37' 330e43" 602 25.06.2005
TR0519  Burdur Aksu River 319kmSEoflsparta 37e32' 330e46" 331 25.06.2005
(Su-ate
TR0520  Antalya Hwy 695 31.8 km E of 36e48'531e46" 586 25.06.2005
Manavgat
TRO0521 Antalya Hwy 695 45kmNEof Akseki 37e04' 531e45" 1325 26.06.2005
TR0522  Antalya Hwy 695 12.7 km NE of 37e08'231e52" 1510 26.06.2005
Akseki
TR0523 Konya Alacabel 22.7 km NE of 37e13"'"331eb52" 1614 26.06.2005
Gegidi Akseki
TRO0524 Konya Hwy 340 4.6 km E 037e¢11'032e17" 1377 26.06.2005
TR05-25 Karaman Hwy 350 8.5 km E 037e¢e23'133¢e46" 1177 27.06.2005
TR05-26 Konya Hwy 350 64.7 km NE of 37e38'134¢19" 1155 27.06.2005
Ayranceée
TR0O527  Konya Hwy 750 70.9 km SSE of 37e46'334e14" 1043 27.06.2005
Aksaray
TR0528 Nevkehir Kapadokya(= t-hi sar en38e¢38'(034¢48" 1263 28.06.2005
Cappadocia)
TR05-29 Nevkehir Pancarl 3.6 km SW 38e¢e36'534e54" 1117 28.06.2005
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TRO569  Kars Hwy 080, Aras = 10.6 km SW of 40e07'342e¢29" 1497 = 10.07.2005
valley Karakurt
TRO570 Erzurum Hwy 955, Aras = 27.9 km SSW of 39e43'541e4 7" 1798 10.07.2005
valley Kopriikoy
PH1 Konya Hwy 715 25.1 km SSW of 38e9F' 332e49" 964 24.06.2005
Cihanbeyli
PH2 Konya Hwy 330 Konya env. 24.06.2005
PH3 Karaman Hwy 715 35 km NW of 37e18"'"132e¢b51" 1057 26.06.2005
Karaman
PH4 Karaman Hwy 350 18.7 km NE of 37e15"'"333¢24" 1041 26.06.2005
Karaman
PH-5 NiJde Hwy805 10.7 km SVW37e54'334e39" 1215 28.06.2005
PH-6 Adéyaman Hwy360 23.2 km SW of 37e36'337e30" 851 02.07.2005

G° |l bakeé

......

e — = e Y ommm v~  —

Figure 1.Investigation region visited by research team in 2005 and route with location numbers.

In June 321, 2006, the research team included L. Giltekin, A. S. Konstantinov, B. A.
Korotyaev, M. G. Volkovitsh, and V. |. Dorofeyev, the length of the route was 5000 km, with
48 sites examined (Table 2) and many digital images of the landscape takerst Emel |
characteristics of the localities are given in Table 2 and Fig. 2. Investigations performed
during the trips mentioned have resulted in the following preliminary observations and
conclusions. The combined investigation locations are presentect anagh in Fig. 3We
greatly appreciate preparingapsfor this paperusing ArcGIS 10.1 software byr. Metin
Demir (Atatlrk University, Erzurum)

Additional field investigations were conducted in 2014 and 2015 by L. Giltekin, B.
A. Korotyaev and V. I. Doreyev with 8000 km long field trips in Eastern Turkey.

Table 2.List of locations investigated in 2006 in Turkey.

Location = Province Label data 1 Label data 2 Latitude Longitude Altitude Date

(North) (East) (m)
TR06-:01 = Adana Tuz Golu 31kmSWofTuzla 36e41' 35e04" | 1 04.06.2006
TR0602 | Adana Tuz Golu 22kmSWofTuzla 36e41' 3504506 2 04.06.2006
TR06-:03 = Adana Hwy E-90 15kmENEofAdana 37e01' 35e29"' | 114  04.06.2006
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Figure 3. Investigatiorregion and locations visited by research team in 22086

Results

Erosion in Turkey

Two types of erosion are distinguished in the area studied. The first one is a horizontal
or wind erosion, usually associated with horizontal transfer of soil peti€ligs. 4AB).
The second type is gravitative erosi@ffigs. 4G D). Erosional processes in Central and
Eastern Turkey are greatly facilitated by overgrazing, mostly by sheep and goats, because the
abrasive wearing of soil by hoofs accelerates dehydrat@iteep and goats produce
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L

Figure 4. Scenery of erosional processes in Turk&yB, wind erosion associated with horizontal
transfer of soilCi D, gravitative erosion.

approximately equal mechanical action on g6ilgs. 5A E), but goats, because dfeir
widest panthophagy, cause a much greater damage to vegetation compared to that caused by
any other domesticated animal.

Processes of erosion are very widespread within the large territory of Central and
Eastern Turkey from the Mediterranean to thecBl&ea areas, being especially dramatic in
plains areas of Central Anatolia with its arid climate, and in the semidesert badlands of
Northeast Turkey. Transects over all climatic zones of Turkey have revealed noticeable
appearances of erosion in varioupdy of landscape and in the regions with different
prevailing types of vegetation. The obvious economic growth of the country manifested by
the intense construction, rapid development of the road net over the entire territory of Turkey,
and the increase afural population with the subsequent intensification of pasture and
agriculture, is associated with the increased disturbance of soil and the reduction of natural
vegetation, which also negatively affects soil and climate. All native types of vegetation,
including saline and sand deserts and stony semideserts, are being rapidly substituted by
anthropogenic vegetation with impoverished and usually less specific flora (mostly by crops
or construction areas). We have observed disappearance of a small frajraegtavel
desert with a population dphedrasp. in Aras valley near Tuzluca Village between 2003
(when we collected several specific weevilskphedral.) and 2005 when the site already
had been transformed into a field. In the same period, a sasgewith very characteristic
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Figure 5. Overgrazing in Central Anatoli@d1 B, overgrazing by sheep causing serious wind erosion;
Ci E, sheep and their hoof trace on desertified ground.

vegetation composed of many subendemic and endemic plants (wstt iassemblages
including species new to science, not yet described) on mountain slopes along a road in
Erzurum Province was completely destroyed for broadening the road. This is why we tried to
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make as many collections as possible in the typical xebitata to provide at least collection
representation of many species of plants and insects endangered by human activity.

According to the general impression from our investigations, wind erosion is a much
more widely distributed destructive process in Byrkhan gravitative erosion, although the
latter may lead to catastrophic floods in the mountains, especially dangerous in the maritime
Mediterranean and Black Sea areas. We have encountered (in 2005) 18 locations with most
sharply expressed results of @imrosion. Of these, in three locations {IR59; TR05-60;
TR-05-61) horizontal erosion is increased by gravitative erosion. Eroded areas are examined
in the following locations: TF05-05; TR05-07; TR05-08; TR05-09; TR0510; TR0511,
TR-0512; TR0513; TR05-25; TR05-31; TR0559; TR0561; TR0562; TR0563; TR
05-64; TR05-65; TR05-66. In addition to these locations, we have seen erosional problems
at PH1, PH2, PH3, and PH4 but we could take only photographs there because there was
no time for investigation. In addition, we have been doing investigations from 2003 till
autumn 2005 in a flat denudated saline area of several hectdrésn3E of Erzincan (Fig.
6A) with only a single species of plant commadmepidium crassifoliumWaldst. & Kit.
(Brassicaceae) (Fig. 6B), and an associated weevil spaksobarissp. pr.semistriata
(Boheman, 1836) (Fig. 6C). In early June 2014, this habitat was found being used for
construction. According to the dmcand®rofinceom L.
has the most serious gravity erosion problem along the Euphrates River valley.

R e

7

Figure 6. Desertification near Erzincanith scarce vegetation dominated bgpidium crassifolium
Waldst. & Kit. A, desertified habitatB, Lepidium crassifoliny C, Melanobarissp. pr.semistriata
Boh.
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I n 2006, we found i nl9k(Rigs.l 7AB) rorieaof tHermost i n c e
strongly desertificated and eroded locations which was highly overgrazed by sheep, goats and
cows. Vegetation there is almost degéaw, with only a few ruderal species and weeds of the
generaPhlomisL. (Fig. 7C),CentaurealL. (Fig. 7D), OnopordumL. (Fig. 7E) andCousinia
Cass. remaining

.

Figure 7. Deserti fication process i n kl®MIiB:wegeltian Pr ovi r
highly overgrazed bgheepgoats and cows;, PhlomisL.; D, Centaured..; E, OnopordurL.
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Desert and semidesert associations

The largest still existing desert massifs are probably those in the Aras valley in the
most northeastern corner of TurkeYhese are sand deserts several kilometers long
dominated byCalligonumpolygonoided.. (Figs. 8A B); the neighbouring sand deserts with
one species ofalsolaL.; multi-species chenopod deserts wilhagi Gagnebin on saline
soils; and stony or gravelsleer t s and semi deserts along Ara
possessing a fairly impoverished fauna and often being considerably overgrazed, these
deserts are apparently the last westernmost refuges of the Turanian (= lowland Middle Asian)
biota now large} extinct from the Transcaucasia and present only east of the Caspian Sea.
Many plants still harbour specieigh herbivorous assemblages not known from other parts
of Turkey, and some species of beetles are endemic to Northeast Turkey areastertn
Transcaucasia.g, Bruchela kasparyankKorotyaev, 1988B. sugonyaevkKorotyaev, 1988,

B. verae Korotyaev, 1988, B. hesperidis lablokoff-Khnzorian, 1957 (Anthribidae:
Urodontinae) Perapion(Hemiperapiof horvathi (Schilsky, 1901) (Apionidae)litanomalia
komaroffi (Faust, 1877) (Nanophyidae) known previously only from Eastern Caucasus and

found together withGeranorhinus seidlitziKi r s ¢ h, 1874 near I J deéer
Geranorhinus seidlitzidescribed and known only from SE Transcaucasia from a few records
of the XI X century and found nearTaryhedusr i n

tenuisReitter, 1903 (Korotyaeet al. 2015), Theodorinus transcaucasict&®rotyaev, 1989
(Curculionidae). For preservation of these relatively (as compared to thalagaicareas)
small refuges of a native desert biota, the arrangement of nature reserves is most desirable.

A unique sand desert dominated by bushe&Sadfigonumpolygonoided.. in the TR
056 5 | ocation in lIjdéer Provi@mckomtoaitmweiss ea,
the most interesting among the desert associations (Figd3)8&apnodisexcisaexcisa
Ménétriés, 1848 (Buprestidae) (Fig. 8C), a large jewel beetle oligophagous on this plant, is
guite common here and occurs outside this argaeast of the Caspian Sea in the deserts of
Middle Asia, Iran, and Middle East. In addition to this buprestid, two specialized weevils live
on Calligonum L., and several other desert insects occur in the desert, including a
characteristic arlion. Severaspecies of lizards e.ggremias strauchKessler, 187§Fig.
8D), some of them also narrowly distributed, and a tortdesstudo graecdinnaeus, 1758
(Fig. 8E) live here. This means that the desert fragment we found, although small and
impoverished, gt preserves many of its characteristic biocoenotic features and components
and may be a model of the aborigine vegetation. Unfortunately this area is being intensely
forested in recent years; many hectares are covered with pRRotedia pseudoacacia.
with the midMay aspect dominated by rudera¢pidium vesicariumi. and Sisymbrium
loeselii L. (the latter plant isallelopathic against other species growing around it, i. e.,
suppressing theigermination and growth). These species are good forage plants for the
honey beeApis mellificaLinnaeus, 1761 but are unequal substitutes for an endemic, highly
characteristic natural complex of t@alligonumsand desert.

Several dozens beetle speciegehbeen found in the deserts of Northeastern Anatolia,
many of which are associated with the genuine desert plants and are potential bioindicators of
the degradation of vegetation. One of these insects is a bark bEsl@nurgus pegani
Eggers, 1933 (Cuutionidae: Scolytinae), previously known only from Middle Asia where it
develops on a desert and semidesert ruderal freganum harmal&. (Mandelshtanet al.

2011) indicative of the overgrazed areas and dominating vast territories because cattle do no
eat this plant. In Turkey, we collect&thamnurgus pegarmnly in the Aras valley in spite of

the wide distribution ofPeganum harmalgFig. 9A) in Central Anatolia and even in the
mountain part of the Black Sea Region. Thus, the occurrenBegdnum hanala outside
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Figure 8. A unigue massif of sand desert dominateddafligonumpolygonoided.. bushesn the

TRO56 5 | ocation in ljdeéer Province (ARG, Calligodmunt ai n
polygonoided..; C, CapnodisexcisaexcisaMeén.; D, Eremias strauchKessler, 1878E, Testudo

graecal.
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the Aras valley may have a comparatively recent origin following biotic degradation of soil
and vegetation (Fig. 9B).

N

Figure 9. Plant ofPeganum harmal&. anddegraded soih Central AnatoliaA, Peganum harmala
B, degraded soil area with. harmala

Many plants in the NE Turkish deserts and semideserts harbourspediies insect
assemblages specific not to a particular plant species but in some instances also to the plant
community incluéhg this species. This is particularly true for the plant species playing an
essential role in the phytocoenoses, theated edificatory species. To these, many species
of the genug\rtemisialL., some gramineans, and chenopods belong.

Of the dicotyledoous plants, species of the genfidemisia (wormwoods) are
especially abundant in many types of xerophilous vegetation (Figs.B)OAccording to
Turkish Plant Data Sewwie ( T} BKVES) Arteti@iaoccyr i d urkeys of which a
few perennial sershrubs, very resistant to overgrazing, dominate vegetation on vast
territories. The vegetation of the lowland territories of inner Anatolia is of the-ceseit
type andis dominated byArtemisia fragranswilld. (Menitsky 1984). Lots of insects from
different orders are associated with all part&udémisiaplants. In the model groups, several
species of the Buprestidae, of whi@phenopteraChilostethd spp. (namelyS. tezcani
Niehuis, 1999, collected oArtemisiain Aras valley, and endemi8. leventiKalashian &
Volkovitsh, 2007 swept fromArtemisiaat Lake Tuz shoreMeliboeus caucasicukbeille de
Perrin, 1896 andgrilus sericanKiesenwetter, 1857 are most commtmnellingArtemisia
roots and stems; adults Blachnephoptrus weis€¢Reitter, 1892) (Chrysomelidae) feed on
foliage in great numbers, while larvae feed probably on roots; several spedtescbiis
Schoenher, 1826 ariceucomigus candidaty®allas, 177)L(Curculionidae) feed on roots in
the larval stage and on foliage, as adults; at least 3 specizseofiorchesteBedel, 1894
(Curculionidae) mine leaves; aficgaphrotopium cuprifulgengSchilsky, 1906) (Apionidae)
induces galls on stems. Some of thesetlbe are specialized on one or a few closely related
species of hosts, others develop on many. A widesphenisia absinthiuni. has two
specialized herbivores in NE Turkey, the apparently monophad®eeudorchestes
smreczynski{Dieckmann, 1958) anticroplontussp. (both Curculionidae)n the middle
section of Aras valley, roots dkrtemisiasp. pr.marschallianaSprengel are attacked by
Baris nesapidraust, 1887, also a curculionid.

Often species of both wingless and rapidly flying beetles occyriordome parts of
the host range, with distribution probably being limited by the climate. Such species seem to
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be indicative of particular types of plant communities, either of the desert or the semidesert or
the dry steppe type. The successive chanfjfeedeetle consortia ortemisiaare apparent
when moving from the desert zone in |]Jdeér
Province, where different species of the winglBsschusBoh. (Fig. 10C) and alate, highly

agile Pseudorcheste®ed. (Fig. 10D) live on similar lookingand closely related or
conspecificArtemisia Speciegich assemblages of beetles were foundAaiemisiaalso in

the upper part of the Euphrates valley near Erzincan where small areas of the saline
semidesert associations with big plants of xerophikwiemisiaoccur in the floodland but

are threatened by numerous cattle from the neighbouring cities. Narrow stripes of halophilous
vegetation with two species Aftemisiawhich have not yet lost their specific consumers still
persist around Lake Tuz buteaneavily overgrazed and polluted.

Figure 10. Artemisia sp. at desertified areas in Central Anatolia and associated we&\iilB,
Artemisiasp. in desertificated aredS; Ptochussp.;D, Pseudorchestesp.

Many species of Orthoptera (grasshoppers muaists) live in the native well
preserved wormwooedominated communities, and the large plants provide food and shelter
to other insects, first of all Tenebrionidae, the beetle family most prosperous in the arid
landscape of Middle and Central Asia. Thasoften observed also in the Aras valley with a
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long, more or less continuous stripe of AArtemisiadominated dry steppes, semideserts and
deserts approximately from the Cobandede Bridge near Horasan downstream to Nakhichevan
border. Vast areas in Cent | Anatolia (in Aksaray, NevKkeh
dominated byArtemisia spp. (often calominated by Chenopodiaceae) and produce an
impression of a desert or a semidesert but have no such characteristic attributes of genuine
Asian deserts as tmdpterans and tenebrionids. No or very few Buprestidae or weevils were
found in these localities with overgraz&demisiadominated vegetation in Central Anatolia.

The same is true for a several square kilometer area along Aras some 50 km upstream of
Koprukoy Village in Erzurum Province. These findings may exemplify the expansion of the
Artemisiadominated ruderal plant communities to the overgrazed territories, but may also
indicate the latest stages of the biotic degradation of the native worntoooidaed
associations. A profound study in these areas is necessary to understand which actually is the
case. We would like to stress, however, that the absence of characteristic insect assemblages
on common plants is an alarm signal showing either a draspovenishment of the
biodiversity and the biotic degradation, or the appearance of a plant new for a particular area,
which may also indicate serious change of the environment, probably due to a biotic
degradation as well.

In addition to several species Aftemisia some other plants are characteristic of
deserts and semideserts in NE Turkey.

Atraphaxis spp. (Polygonaceae) are common on eroded slopes and in ravines,
probably due to their high resistance to erosion and damage by cattle. (In southernaviongol
Atraphaxis pungengaub. & Spach occurs in steppefied deserts near springs where only
branches over 1 cm thick remain on the plants regularly grazed by camels). This genus is
most typical of semideserts and northern deserts of Middle and Centralwksdee its
species are attacked by dozens of specialized feeders from several insect orders, including an
endemic weevil genuMacrotarrhusBedel, 1906 with over 20 species. An apionid weevil
[(Perapion chioneum (Khnzorian, 1957)], a buprestidAgrilus araxenus lablokoff-
Khnzorian, 1960newrecord br Turkey),and several ledbeetles are common @iraphaxis
L. in the lower course of Aras, whereas only {baétles live on this plant in the mountainous
areas north of Erzurum. All species of beetles foumd\waphaxisin Turkey are narrowly
distributed and constitute an autochthonous, specific element of the Anatolian (mostly NE
Anatolian) biota.

Chenopodiaceae are especially diversified and abundant in arid landscapes, and many
of them have very speciegh insect consortia (Gultekiet al. 2004). In total, at least 36
Turkish species of weevils [21 species of Lixinae, 10 species of Baridiiea&donus anceps
(Boheman, 1842) (Hyperinaédnthypurinus loginova&orotyaev, 1990 (Ceutorhynchinae),
Ita korotyaevi Meregalli & Borovec, 2011Philernus ponticuskorotyaev, 1979 andPh.
gracilitarsis (Reitter, 1899)Curculioninae); two latter species are new records for Turkey]
(see Table 3) develop only on Chenopodiaceae, some of them being specialized @naa sing|
a few plant specieSuaeda altissiméL.) Pall., Salsola tragud.. andS. dendroide®all. are
very common in the desertified, usually overgrazed saline habitats. Four species of the weevil
tribe Lixini [Lixus kraatziCapiomont, 1875.,.. subulatusFaust, 1891].. reitteri Faust, 1891
and Hypolixus astrachanicué Fau st , 1883) ] usually occur on
and thus may be considered bioindicators of degraded saline habBitateese species
belong to th uranian plain desert Middé AsianandSouthEastern Transcaucaiabipta

The Buprestidae is the second coleopteran family in the number of species associated
with Chenopodiaceae (see Table 3). Maspecies of buprestids [e.gSphenoptera
(Chrysoblemmp sancta Reitter, 1890,henoptera (Ch.) tamarisci beckeri Dohrn, 1866,
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SphenoptergCh.) scovitzii Faldermann, 1835] tunnel stems and roots or induce root galls
(Korotyaevet al. 2005) on perennial sershrubs likeNoaeaMoq., Salsola orientalisS. G.
Gmel, S. dendroide®all. etc Buprestidae are followed by Chrysomelidae represented by a
few species of the flebeetle genu€haetocnem&tephens, 1831 and foar five species of

the subfamily Cassidinae. Infestation of the rawtsialocnemum strobilaceuifall.) Bieb.

by a ceramizcid Xylotrechus(Kostiniclytug volkovitshiShapovalov, 2014 belonging to the
Turanian subgenus first found in Turkey and bupregicmaeoderella(Carininota)
flavofasciata (Piller & Mitterpacher, 1783) larvae, also were found. Some species of
Chenopodiagae dominate xerophilous vegetation on vast areas and have been investigated in
more detail. We will briefly describe here three of thewrjdlitzia florida(Bieb.) Bunge,
Camphorosma lessindiitv., andHalocnemum strobilaceu(®all.) Bieb.

Seidlitzia forida (Fig. 11A, B) is an annual ruderal plant, the commonest of
Chenopodiaceae in lowland NE Turkey, where it dominates really large areas with
overgrazed vegetation. It istoen t he only green pl ant i n b
Province. The plant occurs in a wide range of habitats, both on clay and gravel. At least 10
species of weevils feed on it, occasionally in great numleegs, Conorhynchus lacerta
Chevrolat, 1873 Entymetopudimis (Ménétriés, 1849)Lixus reitteri in Aras valley, and
Chromonotusvittatus ( Zou b k o f f | 1829) ( Fi g. Abthypuyinusa t t he
loginovae(Fig. 11D) is probably monophagous on this plant, at least in Turkey, and restricted

Figure 11. Plant of Seidlitzia florida(Bieb.) in desertified location and associated weeWlsB,
Seidlitzia florida C, ChromonotuwittatusZoubk.; D, Anthypurinus loginovakor.
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to the desert lowland part of Northeast Turkey. This alate weep#bda of active dispersal,

has a spotted distribution and is often apparently missing from large and dense populations of
the host, but occasionally occurs (accompanied by thespecific weevilslta korotyaevi
andPhilernus gracilitarsiy on the narrowtsipes ofS. floridaalong dry waterbeds on slopes

in the completely eroded badlan@&idlitzia floridamay be considered a bioindicator of soil
degradation and probably is an important -figihg plant on the eroded clay slopes. The
presence oAnthypuinus loginovaeapparently indicates a pretty welstablished population

of S. florida.

Camphorosma lessingliitv. (Fig. 12A) is a prostrate perennial halophilous plant,
occurring in Aras valley at the elevations of 14800 m and occupying large area&s i
Central Turkey around Lake Tuz and south of it at elevations from 900 to about 1000 m. We
have not founcC. lessingii n t he desert zone in Ijdér Prov
and semidesert xerophyte. The plant is highly resistant to overgyeaa occurs in the areas
where only smalArtemisiasp. cf.santonicalL. also grows; in certain localitiés. lessingiiis
the only green plant. Although we have found only four species of beetles usually associated
with C. lessingij the assemblage ismyecharacteristic. One beetle is a little known buprestid,
SphenopterdChilostethd syriacaJakovlev, 1908, developing in roots. Three other species
are weevils:Metadonus ancep¢Boheman, 1842), alate, with ectophytic larvae, widely
spread in Eurasia arféeding on many Chenopodiaceae, and two wingless, closely related
endemic, apparently monophagous specie8aris Germar, 1817 (Baridinae) with reot
boring, tunnelling larvaeB. grandicollisSchultze, 1905 in Central Turkey, aBd goekseli
Korotyaev & Gultekin, 2003 (Fig. 12B) in the upper Aras basin. The presence of two
allopatric species in different parts of the country implies their autochthonous origin and long
association with the host. We fouBd grandicollisonly close to salt lakes Tuz and [&id
(slightly south of the latter) in relatively humid microhabitats and could not find it at a
distance from the wateBaris goekselis common in Aras valley at an elevation of 1650 m
but does not occur at an elevation of about 1800 m some 20 km upsfrédanCobandede
Bridge and at the eastern foothills of Ajreé
seems that both species are rather stenobiont, and atBeagtandicollis may be a
bioindicator of the expansion &. lessingii the absence d8. grandicollismay indicate a
comparatively recent invasion of the plant to a certain area.

Figure 12. A,Camphorosma lessindiitv. and B, Baris goekselKorotyaev& Gultekin.
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Halocnemum strobilaceurfFigs. 13AB) is an indicator of high chloride saiiy
around seas and salt lakes in the areas with desert climate. This perennial plant forms large
prostrate semshrubs around salt lakes in Central Turkey, but also dominates vegetation on
the supposedly recently eroded areas more distant from LakeOhlyz.one of the three
weevils associated with this plant in the Northern Caucasus, the wiRjigssius ponticus
has been found in Turkey. Similarly to the presence of two win§lasgs on Camphorosma
L., the occurrence of the wingleBf. ponticugpresimes a long existence Hi strobilaceum
in Central Turkey, and the absence of this weevil on this plant in a particular locality may
indicate recent establishing oH. strobilaceum there. A stem boring buprestid,
AcmaeoderellgCarininota) flavofasciata(Piller & Mitterpacher, 1783 (Figs. 13€), lives
on H. strobilaceumn addition to the weevil. This is a new host record for this species, which
is represented oH. strobilaceunby a supposedly specialized ecological form, probably also
long-ago establiskd on the plant. In contrast Rhilernus ponticusA. flavofasciataexhibits
a high level of infestation of the host and lives in drier parts of its habitat.

* L] A Q [ o~

Figure 13.Halocnemum strobilaceufall.) Bieb.andInula sp. in Central Anatoliavith associted
jewel beetleAi B, Halocnemum strobilaceun®i E, Acmaeoderell§Carininota) flavofasciata(Piller
& Mitterpacher):Ci D, adults oninula sp.flowers; E, larva in stem oHalocnemum strobilaceum.
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A dense population dialocnemum strobilaceumas invesgated on Jund, 2006 at
the Mediterranean coast c¢lose to TuzDla Vil
and TR0602, southwest of Adana around a small lagoon, which has temporary connection
with the sea. No specific beetle was found on this chenopod, feut weevils do occur on
an annual succulent (probal®galsolasp.) along a dry waterbed of a small canal. One species
of these weevils is very close Raris kirschiFaust, 1882a Middle Asian desert species
apparently monophagous ¢talocnemum strobilacen (Korotyaevet al. 1993) which we
never found on this plant in Turkey. As no Middle Asian or Ciscaucasian weevil ocadrs on
strobilaceumon the Mediterranean coast near Adana, we presume thd&atiesp. pr.
kirschi belongs not to the Middle Asiaibut to the Mediterranean fauna and develops on
plant other thamalocnemum strobilaceum

A very typical saline desert plant Mitraria schoberiL. (Nitrariaceae), occurring in
the | ower section of the Aras val |zeshioredownst
Two specialized genera of Coleoptera are associated with this plant in Asia, and both have
been found in Turkey. A seed beetl®haebus mannerheimMotschulsky, 1845
(Chrysomelidae: Bruchinae), lives in Aras valley and at Lake Tuz, whereas thil wee
Margaritapion nitrariae (Ter-Minassian, 1970) (Apionidae) occurs only in Aras valley.
Ranges of both species extend eastwards as far as Mongolia. Both insects have been found in
Turkey only recently (foMargaritapion Korotyaev, 1990see Korotyaev & Gitekin 2002)
and represent here an element of the Middle and Central Asian biota, which has become
extinct in Transcaucasia, has not been reported from Iran, but still remains in small refuges in
Turkey. The few populations dfi. schoberiwe have found inTurkey all include several
dozen bushes situated within saline areas with a squaré5ohé&ctares and can easily
become extinct. Preservation of some of these populations is greatly desirable (@iikbékin
20064, b)

EphedraL. (Fig. 14A) is a highlycharacteristic xerophilous genus of the very ancient
order Gnetales of gymnosper ms. 't includes i
semishrubs most typical of the screes in the middle course of Aras; some species also occur
in the floodland deerts, steppéke xerophilous vegetation of the ratitude mountains
north of Erzurum, at higher elevation (2000 m) near Lake Van, on the stony slopes along the
Ferat (Euphrates) River, i n the Mediterrane
Centr al Tur key ( Ké r-kké&\egetaton in thenBthckiSea Regloe Smalh q u i s
populations of the northernmost steppe speEiedistachyal.. occur in Central Anatolia in
and around Cappadocia. Over 60 species of the weevil tribe Oxyonychir@u({iGnidae:
Ceutorhynchinae) classified into 21 Palaearctic g@maap taxa all live onEphedra
(Colonnelli 1995, 2004, 2005pf these, 10 species are known from Turkey, and three more
species occur in the neighbouring parts of the Aras valley in Agarband Armenia. The
greatest species diversity is found in the sdesert and desert parts of the Aras valley (four
species) and in the hot depressions between Lazistan Mt. Range and Kop Mountain (four
species). Only one species has been found in tguislike landscape of the Black Sea
Region; one is known from the Mediterranean Region, one from Central, and one from
mountain Southern Anatolia.

In the number of species, the Turkish fauna of Oxyonychini equals that of Spain.
They are the largest in éhEuropean Mediterranean area, but Morrocan fauna, with 11
species, is the largest in the entire Mediterranean Region (Colonnelli 2004, 2005).
Considering an almost complete lack of material from the southern part of Turkey (except for
the record ofPseudayonyx aghadjanianHoffmann, 1957 from Adana where we could not
find any Ephedrg and the high probability of finding additional species in NE Turkey, one
may anticipate a fairly voluminous fauna of Oxyonychini in the country. Characteristic
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Figure 14. Ephedral. plant and associatedeevils of the tribe OxyonychiniA, Ephedrasp.; B,
Oxyonyx brisouti(Faust, 1885);C, Neoxyonyx strigatirostrigHochhuth, 1847);D, Barioxyonyx
daghestanicu&orotyaev, 1992E, Theodorinus transcaucasicé®rotyaev, 198.
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features of the Turkish fauna of this tribe are the lack of species known from Mediterranean
sand beech, the habitat of several endemic species in southern Europe and Israel; presence of
a Central Asian specie©)xyonyx brisouti(Faust, 1885) (Fig. 14B)n Eastern Turkey
separated from the rest of its range by Transcaucasia and northern Iran; and the concentration
of most of the Oxyonychini species (seven out of the 10 known from the country) in the
northeastern corner of Turkey. The latter feature neagle to a more intense collecting in

this part of the country, but lack of material from the Mediterranean coast and Cappadocia,
the areas where a lot of collecting has been done, presumes poor, if any, fauna in these
regions. No Oxyonychini were found amvo populations ofEphedra distachyal.. in
Cappadocia.

The distribution of Oxyonychini species (Figs. 18} in Turkey is very similar to
that of the genuMagdalis Germar, 1817 of the weevil subfamily Mesoptilinae, associated
with conifers and broatkaved trees: most species are restricted to the peripheral maritime
areas of the country, with its central part being almost deprived of species (Barrios 1995).
These two similar distributional patterns probably mean that the climate of Central Anatolia
is too harsh for the nemoral, Mediterranean and temperate desert faunas.

Gravitative erosion

Eroded slopes are seen everywhere along roads in the mountaingt@ig}. They
are completely deprived of vegetation along newly constructed roads but therpionee
vegetation starts to appear very soon because screes and clay slopes are widespread natural
habitats with their characteristic, speereh and largely endemic flora. It seems that
succession in the arid landscape runs faster and involves more spacida the forests
where vegetation under the canopy often is scarce and composed of a few species, which can
exist only in the shade. The sarposed slopes with herbaceous and s#mib vegetation in
the rocky areas destroyed probably will remain dewafidolant cover for long periods
because of lack of available substrate even for pioneer plants. Vegetation starts to return
faster on the clay slopes where the plants can anchor the substrate, but it is very uniform and
often consists of a single or veigw herbaceous plant species. The recently eroded areas in
the mountains, even with already wea#veloped herbaceous vegetation, at least with respect
to the height and density of the herbage, usually possess surprisingly poor insect
assemblages. The reasis that most of the (rather few) forest insects associated with herbs
are adapted to shaded areas and would not live on thexposed substrate. The active and
widespread insects associated with common weeds gradually become established in the new
roadside habitats but the process probably requires decades inside relatively large forest
massifs.

Although we have done only little investigation of the eroded slopes in the forests, we
would point out the necessity of strict protection of the mountairst®te avoid catastrophic
floods which develop very rapidly in the deforested areas where huge masses of the ground
deprived of vegetation holding it with their roots easily become eroded and abraded by water
steams after rains. The experience of protgatountain forests in Japan has shown this to
be an effective way of preventing floods in a densely populated country.

We observed a characteristic type of gravitative erosion in the Mediterranean Region
of Turkey, in Mersin Province, 25 km S of Mut, whexelay hill in a relatively dry area is
being terraced for planting apricot grovgsg. 15). The pioneer vegetation on the terraced
slope in early May 2015 was composed almost exclusively of two crucifers, the
predominantly EurdMediterranearRapistrum ugosum(L.) All. and Erucaria sp. Very few
species of phytophagous beetles were found feeding on the plants which were in several
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stages from first rosettes to fructifying specimens. The Chrysomelidae were represented by a
not abundant uniformiplack Phylotreta sp. andEntomoscelisp. that concentrated on a few
young Rapistrum rugosunplants and damaged their leaves severely. Weevils also were
scanty; onlyCeutorhynchus pallidactylu@arsham, 1802) was common on both crucifers.

In addition, a single indidual of an Eastern Mediterranean speéytideres albidu®etri,

1915 known only from Turkey; a few individuals bixus albomarginatusBoheman, 1842

and a series of the Eastern Mediterran@aacobaris kiesenwetteliFaust, 1890) were
found. The laer species was relatively common Rapistrum rugosunalthough in Central
Anatolia we collected it only oirysimumsp., and one specimen had been reared from a
stem of this plant.

Figure 15. A characteristic type of gravitative erosion in the Med#rean Region of Turkey, in
Mersin Province

We have not examined the development of the beetle assemblages in the dry mountain
areas, which are hardly described in the literature as well, but have seen and partly
investigated many of those, apparentlgresenting different stages of their highly dynamic
history. Several types of plant associations dominating on screes and clay slopes are
widespread in Central and Eastern Anatolia from Ankara in the west to Erzurum in the east.
They are formed by repredatives of many genera of Cruciferae (= Brassicacézagaver
fugaxPoir. and probably related species (Papaveraceae), a few species of Caryophyllaceae,
several species ofcalium L. (Rubiaceae),Centaurea L. (Asteraceae),Erodium L.
(Geraniaceae), a numbef Lamiaceae etc. Many of these species are annual or biennial
plants capable of rapid exploration of eroded habitats, and many harbowspegies
consortia of herbivores also characterized by high agility. Several complexes of weevils
associated witlthese crucifers were studied briefly or in more detail, partly in the course of
the previous studies (Korotyaev & Giiltekin 2003; Dorofegesal. 2004). We found in July,

2005 an endemic Turkish weevil spectdghe genugkphimeronotug-aust, 1904E. samai
(Talamelli, 2001), in a typical ruderal plant assemblage at the newly constructed road south
of Bingal.

An extensive collection of weevils and buprestids associated with plants of the genera
PhlomisL. (Figs.16Ai B) andStachyd.., family Lamiaceae, s been made. Plants of these
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two genera, rejected by cattle, are common xerophytes on eroded lands, often dominating
herbaceous associations in overgrazed pastures in Central and Southern Anatolia. Two weevil
genera, associated with Lamiaceae, have tpghiss diversity in TurkeyfhamiocolusC. G.
Thomson, 1859 (Ceutorhynchinae) (Fig. 16C) amdbiaticola AlonsoZarazaga& Lyal,

1999 (Baridinae), both of them being represented by several speciéblamis Genus
Thamiocolus with eight species onPhlomis in Turkey has an exceptionally rich
representation, including mostly monophagous or narrowly oligophagous species, of which
four are subendemic to Turkey. Host plants and distribution have been investigated for most
of Turkish species ofhamiocolusandLabiaticolawhich should provide a better knowledge

of the consortia of these xerophytes indicative of overgrazing. Also two widely distributed
and presumably oligophagous buprestid species are associatddhathisspp., these are

the stem boreAcmaeodeella (s. str.)serricornis(Abeille de Perrin, 1900) and the leaf miner
Trachys phlyctaenoideKolenati, 1846 (Fig. 16D). Some perennRihlomisin mountain
Mediterranean areas seem to be particularly important in protecting steep eroded stony slopes
at mads from further destruction.

Figure 16. Phlomissp. from Mediterranean Turkey and associated beétld®, Phlomissp. (Isparta
Prov.} C, ThamiocolusanthracinusColonnelli D, Trachys phlyctaenoidel§olenati Photo: K. V.
Makarov, http://www.zin.ridnimalia/coleoptera/rus/traphlkm.htm
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A very characteristic plant assemblage occurs in Eastern Turkey at elevations over
2000 m on steep gravel and detritus slopes (F&X)5It is dominated by three planBheum
ribes L. (Polygonaceae)Prangos ferulaea (L.) Lindl. (Apiaceae), andCousinia sivasica
Hub.-Mor. Rheum ribegFigs. 17A C) was our main target as a bioindicator of eroded slopes
in high mountain ranges. This plant has stems grooved, leafy below, leafless above, up to 40
cm, bearing reddish payery scat s . Distribution in Turkey: Ka
(Keki k Mt., 2600 00 mMRavis 1067Y. Ridtribukian in the \&/dxl@: O
Israel, Lebanon, Armenia, northern Iran, Irag. The petioles are gathered for food very
commonly in Turkey Davis 19651988). We have found this plant also in Kop Mountain
(ErzurumiBay burt provinces border) at el evation
Serceme River valley (Erzurum Province) at elevations 1B8@ m.Rheum ribedorms
dense populatiomithe location TRO%3 (Bingdl Erzurum provinces border, 13 km N of
Kar |l éova, ¢ i i2300Im) on the deforested an@ &d@&l€d mountain (ERH.
C). A weevil Petrocladussp. (Curculionidae: Ceutorhynchinae) (Fig. 17E), a jewel beetle
Capnodismarquardti Reitter, 1913 (Buprestidae) (Fig. 17D), and a leaf bektlbidostomis
brevipennis Faldermann, 1837 (Chrysomelidae: Clytrinae) are specialized coleopterous
herbivores associated wifRh. ribesin this location, all of them common on the plante W
found a large plant population at TRB8 and collected the same weevil and leaf beetle
species. We also observedbrevipennidaying eggs on leaves (Fig. 17F). Several sites of
this habitat with its characteristic plant and insect assemblages stopldtected because
gathering of thekh. ribespetioles by local people, combined with a fairly intense grazing of
the vegetation on slopes, may result in extinctioRIof ribes a not very common plant with
a highly specific assemblage of beetles, mésthach are endemic of Turkey.

The generdrangosLindl. (Fig. 18A) andrFerula L. (Figs. 18CGD) (family Apiaceae)
play an important role in the composition of the vegetation on dry stony and clay slopes,
often growing in deforested places and protecting §om erosion. In addition t&rangos
ferulacea Lindl., four species ofPrangos and several species dferula have been
investigated. About 10 species of three subgenera of the weevil gengs$-abricius, 1801
and several species of Buprestidae, sofidem very common, live oRrangosandFerula
in Eastern TurkeyPrangos ferulaceas also an important bioindicator of erosion. A weevil
speciesLixus furcatusOlivier, 1807 (Curculionidae: Lixinae) is quite common &n
ferulaceaand its immature stagalevelop in the stems.

In addition to the above record, the following speciesPo&ngos have been
investigated Prangos lophopteraBoiss.,Er zur um Pr ov. : 36 km NW of
1950 m.Prangos ulopterdC.,1411 5 km W of AiEkiachnprovindes bordar,u m
1850 m; 10 km N of Tort um, 1350 m; Kar s P
Ka]j é zKara moad, 1550 m; 14 km E of Karakurt, 1400 m. TRvangosspecies were not
identified: one on Kop Mountain, 18800 m (Bayburt and Erzurum provinceahd the
other on Vauk Mountain, 1450 550 m ( G¢m¢khane Province).

Biological investigations have been conducted on a recently described new species,
Lixus petiolicola Giltekin & Korotyaev, 2011 (Fig. 18B), which lives in petiolesPodngos
sp. on Vauk Muntain. Its habitat is eroded stony and rocky slopes dominated by the above
mentionedPrangossp. and anothdPrangosspecies, on which the very closely relatexus
furcatuslives. Lixus cylindrugFabricius, 1781)s an extremely rare species that warfd on
Ferula sp. in Aras valley (Kars Province, 30 km E of Horasan, 1450 m) on stony mountain
slopes.

The genug-erula can possess importance equal to th&raingos Species oferula
occur in habitats similar to those Bfangos and Lixus cylindruslives in these habitats.
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Figure 17. ¢ i r Pagg|Bingoli Erzurum provinces bordewith dominating planRheum ribed.. A,
Rheum ribesBi C, deforested and eroded slope covewdth Rh. ribes D, Capnodismarquardti
Reitter;E, Petrocladussp.;F, femak of Labidostomisrevipennig=ald. laying eggs oRh. ribes
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Figure 18. PrangosLindl. and Ferula L. plants in the deforested and eroded mountain slopes in
Northeasterurkey.A, Prangos B, LixuspetiolicolaGultekin& Korotyaev;Ci D, Ferula

Seveaal species of thduixus subgenusCallistolixus Reitter, 1916, and also oligophagous
buprestid speciesnthaxia anatolicaChevrolat, 1838 are associated witangosandFerula
in Eastern Turkey.
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Erosion, ruderal plants and weeds

In the course of the dliy of insect assemblages on eroded areas we have found that
complexes of weevils associated with ruderal vegetation in Turkey are spekiesd
include many endemic and subendemic species. This is partly accounted for by the highly
specific and diversiéd flora of the country composed of plant taxa widely exploited by
weevils elsewhere. Wide distribution of the disturbed habitats (those subjected to pasture,
erosion, and other forms of anthropogenic effects) in densely populated Central Anatolia
provides extensive opportunities for weevils associated with weeds and ruderal plants.

During the investigation of the plant and insect complexes inhabiting places with
degraded vegetation and soil in Turkey, a population of a conspicuous plant unfamiliar to us
and looking like a largeMalvap | an't was noticed along the h
(TRO5-51) and examined. The plant proved todentaureakurdicaReichardiFig. 19A), an
endemic of the Irand@urkish floristic Province (Davis 1969988), with five weevils of the
tribe Lixini asso@ted, two of them representing undescribed species of the ganunss
Dejean, 1821. We found and examir@dkurdicaat sites TROEl5 and TRO& 1 ( kanl éur f
and Mardin provinces), and also collected there the samédwous specieqFig. 19B) In
addtion to these species, a long series of a poorly known wd¥selidorchestes araxicola
Korotyaev, 1992 (Curculionidae: Curculioninae: Rhamphini) (new record for Turkey),
described from Nakhichevan, and Emstenopu®etri, 1907 (Curculionidae: Lixinae) sges
were collected fronZoegea leptaured.., also an element of the Iraffarkish Province,
along the highway, and four specimens @ércomorphus bodbeille de Perrin, 1895
(Anthribidae: Urodontinae), known only from the original description based teriadgfrom
Israel, were swept from the roadside vegetation. A few kilometers from this place, a rare
apionid, Ceratapion rhopalorrhynchunKhnzorian, 1967, was swept from a dense spot of
several species @entaureaand other asteraceans at the roadsidanbther close locality, a
rare fleabeetleHermaeophaga ruficollitucas, 1849Chrysomelidae) was found in a fallow
field on a widespread ruderal plabhrozophora tinctorigL.) A. Juss. (Euphorbiaceae). We
found Zoegea leptaureaas a dominant plant @tg the road at the location TRQ8
(kanl eur f a Pr o Wwseydorehestesp.sbutengetwsterfopus m i t

e |

Figure 19.A, CentaureakurdicaReichardtB, Larinusspp. on flowerhead d@. kurdica
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The set of the inter esisonaa numercqusgexamglesofi n E|
a high diversity of specialized rhynchophorous herbivores on ruderal vegetation in Anatolia.
A characteristic feature of the Turkish fauna of weevils associated with weeds and ruderal
plants is a high proportion of the emtie and subendemic species (Korotyat\al. 2012),
although usually weed herbivores are widespread species. The typical examples are the
largest Palaearctic urodontiBruchela densat&eitter, 1897 which is endemic to Turkey,
apparently monophagous on andemic SW Asian crucifeBoreava orientalisJlaubert &
Spach; Coeliastes rustemiKorotyaev, Gultekin & Colonnelli, 2002 (Curculionidae:
Ceutorhynchinae) on the subendenWiedemanniamultifida (L.) Boiss. (Lamiaceae);
Larinus filiformis Petri, 1907 (Cundglionidae: Lixinae) on Centaurea solstitialisL.
(Asteraceae), anAulacobaris licengReitter, 1895) (Curculionidae: Baridinae) (new record
for Turkey) andCeutorhynchussatidis Colonnelli, 2003 (Curculionidae: Ceutorhynchinae)
on Isatis glaucaAucher exDC. (Brassicaceae). Several other weevils from the same and
other families and subfamilies may be added to this list.

Their hosts often occur not only in the ruderal habitats but also in the fields, i.e., may
be weeds in the strict sense. This is truesimme species dfatis L., often painting large
areas of barley fields yellow; the closely relatBdreava orientalisJaub. et Spach
occasionallyco-dominating withlsatis, especially at field margins, aMliedemannidisch.
et C. A. Mey. in the thinnedr low crops. Weevils associated with these plants usually infest
them at field margins and occur in greater numbers in the neighbouring natural habitats, but
Bruchela densatgReitter, 1897) in NE Anatolia was found only in the fields (Korotyeev
al. 2012); the only record outside fields was that in June of 2005 at the highway roadside near
Ankar a. This is the only example of the wee
field over those in natural (including ruderal) habitats known to us, fmitgnof great
interest to biocontrol researchers.

Other examples are ruderal and semidesert species of the tribe Cadiusiae)
baytopaeP. H. Davis & ParrisndCousiniaspp., which are host plants of four species of the
weevil tribe Lixini. Cirsiumbaytopaes a host of two species of the recently described genus
Nefis Gultekin, 2013,N. brevirostris (Hochhuth, 1851) andN. ochroleucus(Capiomont,
1874), and also otarinus fucats Faust, 1891 and. darsi Capiomont, 1874 Nefis
ochroleucusandL. fucatusfeed also orCousinia urumiensi®8ornm. andCousiniasp. The
host record ofLarinus darsiis new to science. The four mentioned species have been
collected mostly in the semidesert and desertified locations on these ruderal plants and they
may be god indicators of ruderal desertified areas. In addition, two plant sp8eieatula
serratuloideg(Fisch. & C. A. Mey.) Takht. (in the Aras valley and at the location TB96
and Pulicaria dysentericaL.) Bernh. (TR0634) are hosts of &arinus species ad Nefis
korotyaeviGultekin, 2013 respectively (Gultekin 2013). Both plants are found on highly
eroded sandy slopes and could play an important role in preventing erosion of the slopes.

Ruderal weevil complexes are generally composed of highly agileespeapable of
rapid dispersal and colonization of the newly established and often-ligiedrtplant
communities. Their specigghness in Turkey may be partly accounted for by the wide
distribution of the screes and dry clay slopes in the mountains dafaCemd Eastern
Anatolia where easily movable substrate facilitates habitation of weeds and pioneer plants
preferring constantly and quickly changing environments. The ecological closeness and
historical relationships of the mountastope and ruderal camunities are impressively
exemplified by the pinkor violetpainted spots on mountain slopes or on fallow fields
among crops dominated hMyiedemannia multifid®enth.(Fig. 20A) or Hesperis schischkini
Tzvel. (Fig. 20C), with specialized weevil€oeliasts rustemiKorotyaev, Giultekin &
Colonnelli, 2002 (Fig.20B) and Ceutorhynchus oculatu€olonnelli, 1987 (Fig.20D)
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respectively, on them, in both kinds of habitats. Highly diversified and specific weevil
assemblages are associated with these charactplaticcommunities in Turkey over a wide
range of altitudes providing a variety of potential agents of biological control of weeds
originating from Anatolia and adjacent lands.

Figure 20. Ruderal plants and weevil complexesNartheastermurkey. A, Wiedemannia multifida
(L.) Boiss; B, Coeliastes rustemKorotyaev, Giultekin& Colonnelli; C, Hesperis schischkini
Tzvelev;D, Ceutorhynchus oculatuSolonnelli.
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