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ABSTRACT

This paper discusses evolution, host plant relationships, and zoogeography of Israeli
Aiticinae (flea beetles), the largest subfamily of Chrysomelidae (leaf beetles). The major
biogeographic regions and subregions (elements) that make Israel a unigue biogeographic
transitional zone, with seven such elements converging to varying degrees, are discussed. A
percentage analysis of regional affinity and endemicity, for each of 17 genera, of the
127 taxa known from Israel shows that alticine endemicity is high (25%); the strongest
affinity is with the Eastern Mediterranean element (39%); the Circum-Mediterranean,
Euro-Siberian, Eremian, Irano-Turanian are approximately the same (between 11-14%);
the Western Mediterranean (8%) and Ethiopian (1.5%) are significantly less. A detailed
treatment of the second largest Istaeli genus, Phyllotreta (23 species), deals with its
zoogeography and host plant relationships, especially the known coevolutionary phyto-
chemistry. A list of all Israeli species with detailed zoogeographical and host plant
information is given. Eleven species are recorded for the first time in Israel, nine new
records from Jordan and one from Cyprus. There are three species new to science:
Phyllotreta cleomica, P. hermonensis, and P. yoffei; and one change of status: P. springeri
Wittmer to P. consobrina springeri.
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INTRODUCTION

The Alticinae, with ca. 7,000 species known in the world, is the largest subfamily of
the Chrysomelidae. Because of the number of species and their small size the Alticinae
is the least known, systematically and ecologically, in the family. It is widespread and
well represented in all regions of the world, and many genera are cosmopolitan.
Alticinae are strictly phytophagous, as are the rest of the family. They are known as
flea beetles in English, Erdfléhe (earth fleas) in German and similar equivalents in
other languages including Hebrew (“‘Par‘oshiyot”), because of the ability of the adults
to jump quite high or long distances similarly to true fleas (Siphonaptera). The struc-
ture in the apical end of the distinctly swollen hind femur, that enables them to jump,
is called Maulik’s Organ or the metafemoral apodeme and distinguishes them from
other Chrysomelidae and most Coleoptera.

I present here general comments about the flea beetles (Chrysomelidae: Alticinae)
of Israel, including discussion of evolutionary aspects, a detailed analysis of their zoo-
geographical affinities, and some information about their host plant relationships.
The second largest Israeli genus Phyllotreta, (23 species). is treated in some detail with
descriptions of three new species as well as discussion of the zoogeography and host
plant ecology in Israel. In addition, a list of all 23 species is provided with the general
distributional range and zoogeographical affinity as well as the distribution within
Israel. Likewise host plant information is given as both previously recorded and the
hosts found in Israel.

Bodenheimer (1937) included 63 alticine taxa in 13 genera in his faunal list of
Palestine, including 7 Phyllorreta Currently 17 alticine genera are known from Israel
with over 127 species (Furth, 1976). The other genera will be treated elsewhere in a
similar fashion to this study of PhyHotreta. A detailed faunistic analysis of the Alti-
cinae of Israel, including keys, synonymy, and extensive morphological descriptions
will appear as a volume of the Fauna Palaestina (published by the Israel Academy of
Sciences and Humanities). The present study, as well as smaller related parts, is gene-
rally applicable to the Middle East, SE Mediterranean, and much of the North African
fauna. The most appropriate keys to some Palearctic alticine taxa can be found in
Mohr (1966} and the most recent catalogue of all species is Heikertinger and Csiki
(1940).

METHODS

This study was suggested in the summer of 1971 in Israel by Professors H. Bytinski-
Salz and J. Kugler. From 1971 until 1972 I collected pertinent literature at Cornell
University. Field research in Israel was conducted during July 1972—July 1974 and
October 1977-October 1978. 1 attempted to collect in most of the major regions of
Tsrael in all seasons. I also visited: United States National Museum/Smithsonian Insti-
tution (USNM), Washington, D.C., 1972 and 1975; British Museurn (Natural History)
(BM(NH)), London, 1971, 1972, 1974; Museum G. Frey (MF), Tutzing, Fed. Rep.
Germany, 1972, 1973, 1974; Zoologisches Sammlung Des Bayerischen Staates (BSC),
Munich, 1973, 1974; Naturhistorisches Museum (NMV), Vienna, 1974; Andrej
Warchalowski Collection (AW), Wroclaw, Poland, 1974; Zoologische Museum der
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Humboldt-Universitat (MH), Berlin, German Dem. Rep., 1974; Museum National
d’Histoire Naturelle (MP), Paris, 1974, 1977; Musco Civico di Storia Naturale Milano
(MM), Milan, Italy, 1977; and Museo Civico di Storia Naturale Verona (MV) Verona,
Italy, 1977. Material was also borrowed from the Field Museum of Natural History
{(CMNH), Chicago, 1975. In Israel material in the following collections was examined:
Tet Aviv University; Hebrew University of Jerusalem; H. Bytinski-Salz (private); Beit
Gordon, Kibbutz Deganya A; Volcani Institute, Beit Dagan; Beit Ussishkin, Kibbutz
Dan. :

In Israel the most productive time for alticine collecting is in the spring, February—
May. The vegetation depends on the rains of the preceeding winter. The 1972-1973
winter was abnormally low in precipitation; the 1973-1974 winter was abnormally
high, and the 1977-1978 winter was high in the north and low in the south. The
average yearly precipitation in Israel (excluding Sinai), ranges from 1010 mm (Upper
Galilee) to 25 mm (Elat on the Red Sea), with 564 mm in Tel Aviv (Israel Meteoro-
logical Service, 1967).

Collections were made using a canvas sweep net about 45 cm diameter witha 1.3 m
handle or, in desert regions, because of sparser lower vegetation, a smaller(30 cm
diameter nylon} net. The beetles were aspirated from the net, killed in KCN tubes,
then some were dry mounted on triangular cards, stored in 70% ethanol or in gelatin
capsules. Great care was taken to identify all plants associated with the beetle species,
with the co-operation of local botanists.

Specimens were examined and dissected in Israel with a Leitz dissecting microscope
and a Wild M-5 binocular stereo-microscope; the latter iype was also used, with its
camera lucida, for drawing structures other than genitalia, at the Peabody Museum (PM),
Yale University. All measurements were made with a 10 mm:100 scale reticle in the
eyepiece of the Wild M-5. The drawings of genitalia, that [ made, were all done at the
Peabody Museum with a Bausch and Lomb Tri-Simplex Micro-Projector with extension
tube, magnified X 174.

For the descriptions of the new species the following explanations are appropriate:

Antennae: the numbers for & and 9 proportions represent the relative lengths (scale
units) of the antennal segments. Phyllotreta has some sexual dimorphism (segments
1-6) indicated by these relative antennal lengths.

Measurements: the symbols used in this section are: Lb = maximum length of the
body from the nasal carina to the apex of the abdemen; Le = maximum length of
elytra; Lp = maximum length of pronotum; Wem = maximum width of elytra; Weh =
maximum width at humeral angles taken at the outermost part; Wp = maximum width
of pronotum. These ranges are given for both sexes because there is often a significant
difference.

Zoogeography (applies also to list of Phyilotretu species): Here the complete known
range of distribution of each species is given, starting in W Europe and (clockwise)
east to Asia, south and west along the southern coast of the Mediterranean Sea to
NW Africa and the Canary Islands. Only records in the countries or regions from which
I have not examined material are followed by the reference of this record. The names
used are those of current political regions. The new records are indicated as “Israel
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(new)” and in all cases where Israel is listed, [ have collected or examined specimens
from there. The nine new records from Jordan are from the Klapperich Collection
(MV), determined by K-H. Mohr and myself and all examined by me.

Next, records for the Israeli faunal regions (see map of biotic provinces) are given
along with the zoogeographical regional affinities and any comments on extensions
into other regions or predicted occurrences in other countries. In considering the zoo-
geography of Phyllotreta the terminology and regional abbreviations mentioned below
(see discussion of Israeli Alticinae zoogeography, p.7) are used. Each species has
been considered in the light of distributional records from the literature, museum
specimens, and from those I collected in Israel. It is also important to note that in
many cases [ have considered the ecology of the species because this has great bearing
on their capabilities to exist in one region or another, or more than one. In the case
of bi- or multi-regional species, the first region mentioned is that of strongest affinity.
Some of the secondary and tertiary regional affinities listed possibly represent only old
or strong invasions into other regions by means of natural dispersal, “unnatural” dis-
persal agents, or other pressures. The section Phyllotreta zoogeography (p. 16) also
lists the percentages of the uni- to multi-regional species, regional endemics, and the
total overall percentage (affinity) of each major faunal region or subregion.

Host Plants: Here the recorded host plant genera (number of species in parenthesis)
from the literature are listed. In some of these cases the plant species name is men-
tioned if appropriate to the lIsraeli flora. Next the specific Israeli host plant information
(in approximately decreasing order of preference) is given, followed by comments
about the hosts in the region of the Middle East. I will be the first to admit that there
are alticine host plants that 1 did not discover in Israel. However, I feel that there are
enough to illustrate or suggest the preferences and trends of most of these alticine
species.

In the section on the host aspects of Phyillotreta (p. 16), I have summarized what 1
have discovered concerning host plants of Israeli species. In addition phytochemical
and some ecological evidence is given relevant to those host trends. The range of col-
lection dates in [srael is also given here.

DISCUSSION OF ISRAELI ALTICINAE

Evolution

The Alticinae are phylogenetically most closely related to the Galerucinae, the
second largest subfamily of the Chrysomelidae (approximately one-half as many species
as Alticinae). Some authors have even considered alticines as part of the Galerucinae
{Crowson, 1954), and many others have treated them as a separate family, ie.,
Alticidae. The biology of galerucines and alticines is similar in many respects. The
majority of species in both subfamilies have root feeding larvae and leaf feeding adults.
Wilcox (1965) suggests that some of the similarities between the two groups (especially
larval) may be the result of convergence caused by habitat rather than ancestral
identity. However, ancestral identity seems to be a real possibility also. The Galeru-
cinae generally have a wider range of host plant families among the species of each
genus than the Alticinae,
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The major difference between the Alticinae and Galerucinae is a morphological one,
the distinctly swollen hind femora in the Alticinae that contain a sclerotized extensor
apodeme. This apodeme is often coil-shaped, distally attached to the base of the tibia,
and proximally to the large femoral extensor muscle. Only Barth (1954) studied this
structure in some detail and suggested an explanation for its springlike mechanism. I
have discussed his theory, its shortcomings, and other aspects of this structure else-
where. This metafemoral apodeme displays inter-generic morphological differences and
similarities within the Alticinae that reveal interesting evolutionary relationships
among groups of genera and with Galerucinae (Furth, in press). This structure enables
alticine species to leap. However, there are a few genera of Alticinae with species that
have lost this apodeme (Wilcox, 1965). The ecological and morphological similarities
and differences between the Galerucinae and Alticinae indicate a close ancestral line-
age with a more recent alticine line evolving in a more specialized fashion.

It is probable, considering the worldwide (at least Holarctic) distribution of many
of the alticine genera represented in Israel, that most of the genera in the Middle East
are old, possibly existing from the Early to Middle Tertiary. This is speculative since
the fossil record for Alticinae is poor. Scherer believes (in litt)) that Alfica, or its
ancestor, originated in Africa before the separation of Africa from South America in
the Jurassic.

It is usually guite difficult to estimate centers of origin for a particular group based
on present distribution alone, Such estimations are often based on the distribution of
the number of species (diversity) in ‘dreas of its total range or on phylogeny, using
primitive and advanced species distributions. There have been many fluctuations of
climatic and ecological conditions, as well as continental drift (plate tectonics) that
may have had significant influence on the dispersal of a group since its origin. In
general, the more recent effects of Pleistocene glacial and interglacial climates have
been less severe in the lower latitudes (tropics and subtropics). No doubt there have
been periodic vicissitudes in dispersal of the Israeli alticine fauna from the south in
warmer times (e.g., Tertiary) and from the north in colder times (e.g., Pleistocene glaci-
ation). These dispersals have certainly had distinct effects on the present day alticine
fauna of Israel. It is rather premature and misleading to consider the phylogenetic
relationships of many of the Israeli Alticinae without an initial knowledge of systematics
and ecology of many Alticinae from surrounding regions, and in fact, the world fauna.
To my knowledge there is very little appropriate fossil record for Alticinae. Taking
these facts into consideration, there are still significant trends that can be realized
concerning the indigenous (autochthonous) alticine fauna of Israel by examining its
current biogeographic regional affinities (Table 1).

The maijor place of origin (based on diversity) of Israeli Alticinae has been the
Mediterranean subregion, including its eastern and western sections, to a lesser extent
the Eremian (North African) subregion presently in southern Israel, and the Irano-
Turanian subregion now in parts of northern Israel. There are also Israeli species (a
small percentage) that have originated in the Tropical African (Ethiopian) Region,
extending their ranges along the narrow part of the Great Rift Valley that exists in
southern Israel, and some species with affinity towards the Euro-Siberian subregion
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that exist in the extreme north of Israel, especially on Mt. Hermon and the Golan
Heights. It may be that the more tropical elements are older and the more boreal ones
are relatively recent components of the Israeli fauna.

In Israel, diverse climate and geology, and thus, diverse faunal and floral regions have
produced a similar diversity of species lineages within each Israeli alticine genus. Ina
few instances several species in the Israeli fauna are siblings; clearly a small part of a
larger evolved lineage that had a common ancestor. However, more often the species
appear to be more distantly derived, morphologically and biologically, than their
closest relatives in the [sraeli fauna. Therefore, in Israel there is a wide cross-section,
represented by a few members each, of many of the phylogenetic lineages in the
Alticinae. These Israeli representatives often have close relatives or siblings in adjacent
zoogeographical or climatological regions, but some are isolated from their siblings and
relictual.

As in many groups of animals, the morphological differences and similarities
provide obvious and often quick methods of distinguishing some genera or groups of
species from others. However, there are also other aspects, i.e., ecology, zoogeography,
and evolution of each genus, which are equally valid in complementing the distinguish-
ing morphological differences, that have been genetically selected through evolutionary
time and by pressures. I agree with Scherer (1973) who pointed out that the reality
and scientific value of the genus as a biological entity can be more reliably established
by the use of geologic, paleoclimatic, and associated phenomena (criteria) in con-
junction with morphology. The most closely related species, sibling species, were
derived from a common ancestor and thus were originally morphologically very similar.
Such siblings evidently underwent the speciation process with a differentiation in
distribution, biology, ecology, behavior, morphology, or a combination of these,
resulting in diverging phylogenetic relationships. The extant fauna of Israeli Alticinae
has some apparent examples of these various processes of speciation at different stages
in evolutionary time, and for other species or species groups the evolutionary status is
not now evident. One example of an apparent sibling species group, differing primarily
in biology, in Israel is that consisting of Phyllotreta cleomica, P. latevittata, and P.
variipennis; these are similar in external and genitalic morphology but have host
preferences in two different, but chemically related, families. An Israeli example of
geographical isolation, with only slight morphological differences, illustrating the sub-
species concept, is P. consobring springert.

The phenomenon of intraspecific winglength polymorphism (winged and wingless
morphs) is of particular evolutionary significance, especially in relation to genetics and
biogeography. This phenomenon occurs sporadically throughout insect groups,
especially beetles. It is perhaps best known in the carabid ground beetles from the
several classical studies of Lindroth, Darlington, and others, but from a rather different
ecological standpoint. In the alticine genus Longitarsus this polymorphism has been
mentioned by several authors (Kolbe, 1921; Jolivet, 1953, 1957, 1967) but without
careful ecological or genetic study and analysis. I have noticed that a relatively large
percentage of Palearctic species, especially Israeli species, have this polymorphism in
which both sexes in a population of one species may have macropterous (fully winged),
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or brachypterous (reduced wings), or apterous or micropterous (wingless) morphs. In
addition, there is increasing evidence that the flying morph (macropterous only) con-
sistently prefers host plants in ecologically different, but chemically (defensive com-
pounds) refated, genera than the flightless morphs (Furth, unpubl.) This is a fascinating
subject with many important evolutionary implications that 1 intend to discuss more
fully in a future treatment of Longitarsus of Israel.

Apparently many of the phylogenetic and evolutionary relationships among the
genera and species of Alticinae have been linked to the relative success of the species
as herbivores. The genera with the largest number of species and the most widespread
distribution have evidently evolved a complex biochemistry that enables them to feed
on a wide variety of chemically related host plants. This success has involved bio-
chemical coevolution with the chemical defenses of their host plant families.

Zoogeography

It has long been known that Israel has an extremely rich fauna and flora because of
its geographical position, The diversity of species is much greater than that of many
larger countries elsewhere. This is an even more unusual phenomenon considering that
the Sinai, Negev, and Judean Deserts contain a majority of the land area but have
relatively little species diversity.

The reason for this diversity is that the Ethiopian (Sudanian) Region and three
major faunat and floral subregions of the Palearctic Region meet or have major exten-
sions into Israel. These Palearctic subregions are the Mediterranean, Eremian (Saharo-
Sindian), and Irano-Turanian; a fourth Euro-Siberian subregion also has distinct
{possibly relictual) influence. These various regions necessarily have distinct differences
in their climatology, topography, and soils, which provide a variety of ecological
niches for the biota.

I find it appropriate, for the Alticinae, to use approximately the zoogeographical
system and terminology used by Bytinski-Salz and Gusenleitner (1971) for their treat-
ment of the Vespoidea (Hymenoptera) of Israel. The following zoogeographical
elements are referred to in the treatment of Alticinae:

(1) Mediterranean subregion (Med.), consisting of those species found in areas
adjacent to the Mediterranean Sea, and including eastern and western Mediterranean
Europe and along the southern Mediterranean coast. Species found in most of these
areas are referred to as Circum-Mediterranean (Circum-Med.). In my opinion it is valid
to divide the Mediterranean into eastern (E. Med.} and western (W. Med.) sections.
The Mediterranean element is the most prevalent one in central and N Israel.

(2) Irano-Turaniant subregion (IT) is still not very well understood in Israel. It
consists primarly of high plateau and steppe areas extending from Mongolia and
Central Asia (including southeastern USSR east of the Caspian Sea) to the interior of
Iran, N Iraqg, Turkey, Syria, and must of N Jordan. There is also a Mauritanian section
concentrated in the steppe areas of northwestern Africa (especially Morocco to Tunisia)
but said to extend in a poorly defined strip across northern Africa to Israel. This
section was formerly considered part of the Saharo-Sindian subregion, but it has been
classified recently as a western section of the Irano-Turanian (Zohary, 1962). From






