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Salvatore Brullo

Criteria and techniques in the taxonomic investigation of the
Mediterranean flora

Abstract

Brullo, S.: Criteria and techniques in the taxonomic investigation of the Mediterranean flora. —
Bocconea 23: 7-18. 2009. — ISSN 1120-4052.

The author illustrates some criteria and techniques, adopted by the same in the taxonomic inves-
tigations of genera belonging to the Mediterranean flora. Examples regarding some critical
groups of Astragalus, Allium and Limonium are provided. It is argued that ecological observa-
tions, a detailed caryological and morphological study, together with a precise and truthful
iconography are essential needs for a correct taxonomic investigation.

Introduction

The Mediterranean flora is one of the most studied, but still presents many unsolved problems,
due to the many critical genera or species complexes, which are still lacking of an exhaustive sys-
tematic handling. The occurrence of several critical taxa is linked to the remarkable environmental
heterogeneity and to the natural fragmentation of the Mediterranean lands, consisting of islands and
peninsulas with a complex orography. Moreover, the detectable high variability among currently iso-
lated populations is often linked to palacogeographic vicissitudes that may have joint and split these
populations several times during the last 5 Mio. yrs.

The morphologic variability shown by several Mediterranean taxa has been often neglected or
only superficially investigated by the many authors who did not have the possibility to observe the
populations in the field and to examine many herbarium specimens sampled from the whole distri-
bution range of a certain critical group.

Basing on my personal experience, there are different techniques and criteria that should be
adopted for the taxonomic investigation of the Mediterranean critical taxa, depending on the intrin-
sic features of each groups. Some examples are provided in the following paragraph.

Astragalus

The first example regards the thorny dwarf-shrub Astragalus creticus Lam., growing on the
Cretan mountains. Until a recent past, all the known populations were attributed to the sole species
A. creticus. As a matter of fact, it is possible to recognize three distinctive types of such plant, which
differ from both the morphologic and ecologic viewpoint (Brullo & Giusso 2001, 2003).

The pulvines of the typical A. creticus are characterized by a greyish colour given by the dense
hairiness of such species, which colonizes steep stony slopes on lithosoils. Instead, the populations
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living on the floor of dolines are looking much greener, due to the scarce hairiness (Fig. 1). The ones
living on the easternmost Cretan massif, Afendi Kavousi, are clearly more thermophilous than the
other Cretan Astragalus populations, since they live at lower altitudes: even in this case, their leaves
are less densely hairy than the those of the typical A. creticus.

The above mentioned ecological differences, together with at-first-glance impressions of the plant
colour, raised a thorough morphological study of all the populations of the Cretan spiny Astragalus.
It could be claimed that different ecological conditions are selecting different ecotypes within the
same species, but the detailed morphometric and morphologic analysis revealed some more remar-
kable differences among the three “ecotypes”. The populations colonizing the bottom of karstic
dolines have been described as a distinct species, 4. dolinicolus Brullo & Giusso, which is clearly
different from A. creticus not only for its ecological requirements but also for several features regard-
ing the leaves, bracts, flowers and legumes. The populations of Afendi Kavousi revealed closer rela-
tionships with the typical 4. creticus, so they have been treated as a subspecies of the same: A. creti-
cus ssp. minoicus Brullo & Giusso. While 4. dolinicolus is sympatric to 4. creticus, of which can be
considered as an ecological vicariant adapted to longer snow-deck and deeper soils, the one of Afendi
Kavousi, being allopatric to 4. creticus, is clearly a geographic vicariant of the same. Therefore, it
can be considered a schyzoendemism resulting from the splitting of a formerly continuous distribu-
tion range, with secundary adaptation to more thermophilous conditions. Since all the spiny
Astragalus are autogamic, there is no possibility of hybridization among them, so they should be
considered as distinct species, at least in the case of sympatric populations.

Like in most of the Fabaceae, the main diagnostic characters are found in the leaves, legumes and
flowers. It must be noted that leaves and legumes can be studied on dried material, but the flowers
must necessarily be examined while they are fresh. Instead, they can be preserved in isotonic solu-
tions, since not even the rehydration of dried floral pieces lets them acquiring the pristine shape (Fig.
2). Quality and details of the iconography are not accessorial tools, but extremely important compo-
nents in the taxonomical investigation.

Fig. 1. At the periphery of the karstic dolines in the Cretan massif of Psiloriti, specimens of
Astragalus creticus (left) are often living together with Astragalus dolinicolus (right).
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Fig. 2. Comparison of flowers with bracts, standards, open calyces, stipules and leaflets of 4. creti-
cus subsp. creticus (A), A. creticus subsp. minoicus (B) and 4. dolinicolus (C). All drawings are based
on fresh material (after Brullo & Giusso 2003, modified).
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Allium

As already noticed by G. Don (1826), the very first monographer of the genus Allium, it is not pos-
sible to study garlics on dry specimens (“ The genus Allium can only be studied satisfactorily from
living specimens; for, in Herbaria, the species of this genus, like other liliaceous plants, are seldom
found to retain their characters, so as to be recognised with certainty”). Unfortunately, his suggestion
has not been followed by most of the subsequent monographers. Indeed, most of the diagnostic char-
acters are in the very delicate flowers, which entirely loose their pristine morphology once dried.

What G. Don said can be exemplified with the case of 4. tenuiflorum Ten. (Fig. 3): dried flowers
are looking completely different from the fresh ones. The colour is nearly purplish instead of pink-
whitish; tepals are looking linear instead of obovate-elliptical and the corolla looks cylindrical, not
campanulate. The original iconography by Tenore (1811-1815) was clearly based on dried specimens
and this is confirmed in the protologue, where it is mistakenly declared “corolla cylindrica” and
“petalis linearibus acutis, apice revolutis”. As it can be seen from the photo of the living inflores-
cence (Fig. 3) tepals are not linear, nor curved at the apex, and the corolla is not cylindrical, nor pur-
plish (Brullo & al. 2002, 2003).

A superficial diagnosis, together with an imprecise iconography, is often causing wrong informa-
tion on the species distribution and identification. Until recent times, A. tenuiflorum and allied taxa
have been often confused with 4. pallens, or A. paniculatum, and the diversity shown by some pop-

Fig. 3. Comparison of living (A), dried (B) and Tenore’s iconography (C) of inflorescences of Allium
tenuiflorum Ten. from the locus classicus.

Fig. 4. Geographical distribution of the Allium cupanii group. Dots are showing the investigated
populations.



Bocconea 23 — 2009 11

ulations has been neglected. An accurate study on all the known populations of A. fenuiflorum
(Brullo & al. 2002), led to the identification of two new species, 4. apulum and A. diomedeum,
together with a complete redefinition of the distribution range of 4. tenuiflorum.

Another example is provided by Allium cupanii Rafin., a species complex that I have been study-
ing in the last 25 years, by visiting and sampling most of the populations where this species was
recorded, in many Mediterranean countries (Fig. 4). In Fig. 5, some typical features in common to
all the species belonging to the complex “Allium cupanii” are shown, i.e. valves of the spathes par-
tially or entirely connate, erect at blossom, and bulbs covered by a network of reticulated fibres.

Again, a detailed and truthful iconography represents an essential need for the precise taxonom-
ical diagnosis: in Fig. 6, an old iconography of 4. cupanii by Fiori (1923) is compared to a new
unpublished one, drawn by myself, basing on living material. In the Fiori’s drawing, clearly obtained
from a dried specimen, the reticulated fibres of the bulbs are evident, but many other important diag-
nostic characters are missing: such as the floral pieces, or the hairiness of the leaf sheaths.

I consider the group of Allium cupanii a fascinating research theme, because of the many scat-
tered populations and because of the great morphologic variability through them. The diagnostic
characters are sometimes difficult to be seen, but they are highly constant in each population. They
include: size and shape of the flower, shape of the tepals, length of the stamens, tunics attached or
split at the base of the bulb, the occurrence of two or four bostryces in the floral umbel, that goes
with the fusion of the spathes: partially connate valves are always found together with four bostryces,
while entirely connate valves are normally associated with two bostryces, even if, more rarely, they
may also occur with four bostryces (Fig. 7).

By the observation of these diagnostic characters, it is possible to identify five groups of species:

The cycle of Allium callidyction is including diploid species (2n=2x=16) with four bostryces and
partially connate valves. They are likely to be the most primitive and most of them are found in Turkey,
Iran, Iraq, with some extremely isolated populations in Calabria, Cyrenaica and Evvoia (Fig. 8A).

Fig. 5. Details of living specimens of Allium cupanii group: umbel (A) and bulb (B) of 4. cupanii s.
str. from Madonie (Sicily); umbel (C) of 4. pentadactyli from Aspromonte (S Italy).
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Fig. 6. Iconography of Allium cupanii s. str., on the left by Fiori (1923), on the right by Brullo
(unpublished).

The cycle of Allium balcanicum is including diploid species (2n=2x=16) with two bostryces
and connate valves. Most of these species are found in the Balcanic peninsula and in Western
Turkey (Fig. 8B).

The cycle of Allium cupanii is including tetraploid species (2n=4x=32) with two bostryces and
connate valves. Most of them are found, either, in southern Italy and North-West Africa (Fig. 8C).

From the above-mentioned species it is likely to be derived the cycle of Allium antonii-
bolosii including tetraploid-aneuploid populations (2n=4x=30) restricted to the Balearic Islands
(Fig. 8D), to which, in addition to Allium antonii-bolosii, also Allium eivissianum is belonging
(Miceli & Garbari 1987).

Aneuploid populations (2n=2x=14) are also found within the diploids: this is the case of the cycle
of Allium hirtovaginatum, characterized by two bostryces, a sole valve and split tunics at the base of
the bulb. This group seems to be rather successful, because it stretches over most of the
Mediterranean basin (Fig. 9), particularly in coastal stony slopes or rupestrian sites, characterized by
a remarkable seasonal aridity. Their evolutionary success is probably related to the greater number
of fibrous layers which protect the bulb against the dry climate conditions.

The species complex “Allium cupanii” provides a fascinating example of adaptive radiation,
combined with an east-westwards gradient of ploidy, which was highlighted for the first time by
Garbari & al. (1979). The supposed phylogenetic relationships within the group are the following
(Fig. 10): the common ancestor is likely to be Allium lacerum, from which the cycle of Allium cal-
lidyction is likely to be derived at first, with the loss of the cilia in the tepals. The evolutionary
chances of this group are seemingly exhausted. From Allium lacerum, through Allium incisum, all
the other cycles are likely to be derived, with the aneuploid groups being the ultimate product of the
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E

Fig. 7. Illustrative tables of the variability of some morphologic features in the Allium cupanii
groups: Perigon (A), Detail of tepals and stamens (B), bulb tunics (C), bostryces (D) and spathe
valves (E).

Fig. 8. Distribution range of Allium callidictyon cycle (A), A. balcanicum cycle (B), A. cupanii
cycle (C), and 4. antonii-bolosii cycle (D).
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Fig. 9. Distribution range of Allium hirtovaginatum cycle.
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adaptive radiation. On one side, through A. pseudolacerum and A. morimenicum, where ciliate tepals
are still present, the cycle of A. hirtovaginatum is derived. On the other side, the radiation passed
through the diploid cycle of A. balcanicum to the one tetraploid-euploid of 4. cupanii and, finally, to
the tetraploid aneuploid of A. antonii-bolosii. Such evolutionary hypothesis is still waiting to be con-
firmed by molecular analyses, but I think that at the basis of any good molecular analysis there must
be a detailed caryological and morphological study, that must be conducted throughout all the pop-
ulations of any investigated cycle.

Limonium

Another genus where the speciation through poliploidy, hybridisation, aneuploidy, and apomixis
is well known is the genus Limonium. In this case, the morphologic variability can be well studied
on dry specimens, but the observations on leaves and stems must be integrated with a detailed mor-
phometric analysis on the shape and size of the spikelet pieces, which, due to their small dimensions,
have been neglected in the past by many authors.

Fig. 11. Iconography of Limonium roridum (sub
Statice rorida) after Sibthorp & Smith (1821).
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Fig. 12. Iconography of Limonium graecum from locus classicus (Brullo, unpublished).
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Fig. 13. Re-hydrated material of L. cancellatum on sticky paper (left) and iconography (Brullo,
unpublished).

The initiator of the modern trends in the taxonomic investigation of the genus Limonium have
been Pignatti (1962, 1972). His analytical approach has been followed, among the other, by Brullo
(1978, 1980), Erben (1978, 1993), Artelari (1984) and by Arrigoni & Diana (1993), so that at pres-
ent the knowledge on the Mediterranean populations of the genus at issue are significantly improved
during the last four decades and some old mistakes have been clarified.

For example, the case of Limonium graecum (Poir.) Rech. provides a further proof on how a good
iconography is a fundamental need in plant taxonomy. At the origin of the misleading regarding such
species was the lack of any iconography, together a scarce knowledge on the old specimens on which
the original diagnosis was based (lectotypification was never done until now). So it happened that
name L. graecum in most cases has been mistakenly used by many authors for L. roridum (Sibth. et
Smith) Brullo & Guarino. The latter, illustrated and described by Sibthorp and Smith (1821) being
quite common in the Aegean region, like the real L. graecum. In Figg. 11 and 12, the differences
between the two species can be well compared.

In order to obtain an accurate and detailed iconography of Limonium specimens, I use to
hydrate the spikelets and to fix leaves, spikelets and floral pieces on sticky paper, then, basing
on such material, I prepare the drawings with the help of a microscope with camera lucida. An
example of such technique is provided in Fig. 13, where an Istrian population of L. cancellatum
(Bert.) O. Kuntze is examined.
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Abstract

Guarino, R., Addamiano, S., La Rosa, M. & Pignatti, S.: Impact of information technology on
future floras. — Bocconea 23: 19-23. 2009. — ISSN 1120-4060.

Some important facilities offered by the information technology to innovate the development
of traditional floras are illustrated and discussed. These include: random access interactive tools
for the identification of species, low cost, easy updating, virtually unlimited space for high res-
olution images and texts, on-line utilities, strong synergy between authors and users. It is argued
that the combination of printed books with integrated digital utilities and data-sources is the
most desirable structure for future floras.

Introduction

In plant taxonomy, classification aims at reconstructing an evolutionary history, which
is usually represented by means of phylogenetic trees. One of the first examples of hierar-
chical classification of the living organisms is provided by the Tabulae Phytosophicae, cre-
ated by Federico Cesi about 400 years ago. The goal of the dichotomies of Federico Cesi
is actually the same of the bifurcations of a modern cladogram, i.e. the ordination of groups
of living organism on the basis of their reciprocal similarities and relationships.

Until a recent past, the analysis of the objects to be classified was essentially based on
their outer look, and groups were made on the basis of observable features, but the adop-
tion of cytochemical and molecular analyses has made modern taxonomy less and less
based on morphological criteria. As a consequence, the classical dichotomous keys are get-
ting more and more unfriendly to the user, at least for the higher taxonomical ranks. See,
for instance, the morphologic heterogeneity of the plant genera which are currently
ascribed to the families Plantaginacee and Caprifoliacee in the APG classification
(www.mobot.org/MOBOT/research/APweb/).

In the last two decades, many changes took place, not only in the systematic approach-
es to the classification of plants, but also in the number and kind of potential users of such
classification. The increasing popularity of the “wilderness experience” and the raised pub-
lic concern on themes like the conservation of biodiversity and ecosystems, of which vas-
cular plants are the most visible part, created a new demand for qualified botanical infor-
mation from a number of non-specialists, for educational, recreational and commercial
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purposes. Unfortunately, the enthusiasm of non-specialists seldom matches a sound botan-
ical knowledge, mainly for the following two reasons: the use of a classical flora is too dif-
ficult for a beginner and in most cases popular floristic books do not offer complete and
updated information enough on the flora of any given place.

Information technology offers a number of facilities to make easily accessible authori-
tative and updated floristic information to a wide readership. In the following paragraphs,
some functions and possibilities offered by interactive digital tools to the authors and users
of a flora will be commented.

Classification and identification

The approach followed by the classification of species is hierarchical; it is based on
current phylogenetic hypotheses, and the tools traditionally used for the identification
of objects are dichotomous keys, which are rather coherent with the bifurcations of
phylogenetic trees.

The word “classification” has been often used as a synonym of “identification”, but
the meanings of the two words are different, since an identification procedure just
aims at finding the name for a specimen, eventually in order to get information on it.
Therefore, “identification” is a more comprehensive term: the process behind must not
necessarily be hierarchic, nor based on phylogenetic hypotheses, and it is polytomous,
meaning that all diagnostic characters do have the same rank and there are many ways
to start the identification procedure.

In the case of vascular plants, there are many ways to identify a specimen. One possi-
bility is to trace back to its origin by following the bifurcations of its phylogenetic tree, but
this is not always the easiest and quickest one. For instance, plant species can be ordered
on the basis of the chromatic differences of the flowers, or according to the shape and
integrity of their petals. There are several possibilities, not necessarily based on morpho-
logic characters, but also on “fuzzy” criteria, like the preferred habitat types, or the geo-
graphical distribution. Each single attribute leading to an ordination of the objects, even if
not relevant from the phylogenetic viewpoint, or too “feeble” for dichotomous keys, can
represent a useful criterion for the identification of plant species.

Random-access interactive tools

Bulk of the knowledge on a certain species can be broken down and organized into non-
hierarchical categories by means of fields and variables implemented in a database.
Through the simultaneous combination of different attributes the universe of species
belonging to any flora can be easily split into smaller groups, which makes the identifica-
tion procedure easier and faster. The combination of different queries facilitates the iden-
tification of a species through many possible ways, depending on the user’s choices instead
of the current phylogenetic hypotheses.

Starting from this basis, many interactive identification tools have been developed, dur-
ing the last 30 years. The oldest one is the Australian system of softwares named “DELTA
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Intkey”, which started to be developed in 1971. It has been applied in many countries and
for different groups of organisms (http://delta-intkey.com/). Another example from
Australia is “LucID”, developed at the University of Queensland, and particularly used for
educational products like the interactive CD for the Identification of endangered Australian
plants (http://www.lucidcentral.org/). In Europe, the Dutch package “IdentifilT” has been
used to implement the Interactive Flora of NW Europe (http://nlbif.eti.uva.nl). In the USA,
“MeKA”, created at the Berkeley University, is a useful tool for the identification of bio-
logical specimens, but not only: its very first application was an interactive identification
tool for Ukuleles (http://ucjeps.berkeley.edu/meacham/meka/)!

In Italy, the software FRIDA has been created at the Biological Department of the
University of Trieste, and it is currently applied in the project Dryades, counting many
applications on vascular plants, but also on fungi, lichens and algae
(http://www.dryades.eu/).

A quite complete and recently updated list on the “Programs for interactive identi-
fication and information retrieval” was published by Dallwitz (2007), the inventor of
the Delta Intkey System.

Information technology and Floras

Floras are the most important tool for the identification of species and filing of infor-
mation on the plant taxa living in a certain region. For about three centuries, they have
been firmly clung to the encyclopaedic tradition of the eighteenth century, which con-
ceived them as a catalogue of species, arranged in systematic categories (genus, family,
order, class) and accompanied by dichotomous keys, descriptions and illustrations. Most
of the oldest floras are still remembered for their accurate and rich iconography, but in the
long run the tradition of botanical drawings has faded away, and the illustrations of mod-
ern floras tend to be more deficient than in the past. As a consequence, floras became, over
time, more and more stuff for specialists. Paradoxically, while many efforts were done to
make the knowledge accessible to everybody and to stimulate the public interest on scien-
tific themes, floras progressively thinned out the iconography and decreased the length of
the descriptions of species, becoming definitely unappealing to the beginners.

On the other hand, little efforts have been made to integrate the morphologic descrip-
tions in the floras with information on species biology and ecology, so floras do not seem
to be encyclopaedic works any longer, because they do not include all the available infor-
mation on any given species; rather they look like unpractical handbooks where to find a
name for herbarium specimens and, whenever possible, some general notes on the species
distribution.

Some important facilities offered by the information technology to innovate the plan-
ning out of traditional floras are discussed below:

Classical dichotomous keys can be flanked by random access interactive tools, which
can help non-expert users in identifying specimens, so to reach the available information
on a given species.
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In traditional floras, the Linnean name is the only way to designate unequivocally a cer-
tain species. The Linnean nomenclature is based on a phylogenetic classification that is sub-
ject to frequent changes in consequence of the recent advances in phylogenetic research
(Nimis, 2001). In the interactive classifications tools, the Linnean name is just one of the
variables that are used to define an object and it can be easily updated without changing the
structure of the identification tool. With reference to the Italian flora, the numerical codes
proposed by Pignatti in 1978 are an example of remarkable far-sightedness, but they have
reached a real utility after the diffusion of personal computers and scientific databases.

All traditional floras are bound by the limited space of printed pages. A significant
advance towards the satisfaction of the non-expert readership can be made by supplying
the text with images and glossary. Information technology provides virtually unlimited
space for high resolution images and texts. Moreover, concepts and terminology can be
commented and/or illustrated by on-line utilities, like glossaries or illustrative tables. This
will hold the encyclopaedic tradition of floras forever.

Due to high editorial and publishing costs, traditional floras are conceived to keep on
the market for at least a decade, before being replaced by a new edition. A digital flora or
digital complements of a printed flora can be frequently updated at reduced editorial costs
and publishing is practically costless. The updates can be made regularly available on-line,
e.g., to all registered users. This is an optimal condition for open-ended works, like floras
are per definition.

A digital flora (or its digital complements) can be linked to many websites, including
regional data banks on georeferenced floristic records and map services. The accessibility
and connectivity of a digital flora is much higher than in a traditional flora, so that authors
and users can interact on-line very easily, to create contents, share knowledge and improve
the performances of the digital archives and data bases.

Discussion

Information technology offers many possibilities to innovate the planning out of a tra-
ditional flora in all its fundamental parts: keys, descriptions, illustrations and updates.

The future challenge for the authors of floras is to balance innovation and tradition in
the best way. There is no doubt about the importance of books and the documentary value
of printed paper. No doubt, as well, on the pleasure that to leaf through a book still gives
to the reader. No doubt, a handy field flora on paper is still more practical and safe in the
field than any electronic equipment using internet technology. No doubt there are still peo-
ple not hanging on the internet all the time. But the most recent information on plant
species (digital images, georeferenced records, polytomous keys...) cannot be regularly
added into traditional flora volumes only.

The combination of printed books with integrated digital utilities and data-sources is the
most desirable structure for future floras, “integrated” meaning that printed and digital con-
tents should support each other without overlaps. The second edition of the Pignatti’s flora
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of Italy will try to comply with this strategic vision: a software, called FID, that means Flora
Italiana Digitale (Italian Digital Flora), has been constructed and designed to integrate the
second edition of the Pignatti’s flora, which is expected to be published by the end of 2010.
The FID will link together interactive polytomous keys, an on-line thesaurus, illustrations
and one template per each single species, including a distribution map (referred to the Italian
regions), ecograms, a text-box and up to 24 high-resolution colour images.

Up to now, the digital components of the second edition of the Pignatti’s flora are the
result of the cooperation of more than 140 people, who provided information and contents
for the flora. One relevant point is the direct involvement of secondary schools for testing
polytomous keys and usability of the contents. A second relevant point is the lack of spon-
sors and their material, so that all the contents will not only help in presenting and making
more accessible information on the plant species, but they will also celebrate the praise-
worthy synergy of people sharing the same passion for the beauty of the floristic research.

We do hope that similar initiatives and future developments of the FID will help in filling
the gap between the instruments and techniques currently used for the promotion of com-
mercial goods and those commonly used for the enhancement of biodiversity and natural
ecosystems, that, even if not tradable, greatly contribute to improve the quality of our lives.
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We describe the relationship between landscape heterogeneity and vegetation potential in Italy
within the international context of landscape characterization and assessment. Considering the
Italian pattern of biodiversity on a landscape scale, we briefly describe the main national bio-
geographic features and illustrate the most recent hierarchical classification in homogeneous
land units and main vegetation potential characteristics. Lastly, the results obtained by geo-
graphically integrating landscape diversity and vegetation series distribution are presented
according to their relevance to conservation and ongoing national projects, such as those aimed
at identifying and mapping important plant areas (IPAs), outlining, locating and characterising
old growth forest in the national parks, rating plant invasion on a national scale, and assessing
landscape conservation in the national parks and, more generally, in Italy.

Introduction

Landscapes are the result of a complex interaction of physical, biological and social-
economic factors. Given the importance of land planning, land management and biodiver-
sity conservation, landscapes need to be described, characterized and spatially located
(Sims & al. 1996). Recently, landscape classification and mapping has once again become
the focus of attention on account of its relevance to understanding ecological patterns and
processes and addressing environmental tasks (Klijn & de Haes 1994; Zonneveld 1995;
Bailey 1996; Metzger & al. 2005).

The European Landscape Convention (signed in Florence in 2000 by 34 states of the
Council of Europe and ratified by 27 of these states) defines landscape as “an area, as per-
ceived by people, whose character is the result of the action and interaction of natural and/or
human factors”. Since then, the perceptive vision of landscape has been gradually replaced
by a more ecological vision based on the recognition of local territorial identity as opposed
to the aesthetic perception of the individual. Therefore, since landscape, according to the
European Landscape Convention, is synonymous with territory, a scientific hierarchical
classification can be used to define and map landscape units (Jongman & al. 20006).
Moreover, thanks to this new approach, it is now possible to relate landscape ecology to
geobotany by exploiting the hierarchical classification of territory and the GIS system.

We present the resulting definition and mapping of the Italian national landscapes and
their relationships with the phytocoenotic potential.
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Biodiversity, landscape heterogeneity and vegetation potential in Italy

In general terms, the geographic distribution of biodiversity is connected with the phys-
ical features and gradients of the environment (climate, lithology, morphology) as well as
with the paleogeographic and paleoclimatic histories. Italy is one of the richest biodiversi-
ty hotspots in the world, boasting the presence of 6711 vascular plant taxa (Conti & al.
2005). Various components of this great biodiversity, which expresses itself in both poten-
tial and actual terms, was recently investigated by more than one hundred researchers
(Blasi & al. eds. 2007a).

Within the European context (Rivas-Martinez & al. 2004), the Italian Peninsula is bio-
geographically linked to eastern Europe, with southern Italy being characterised by
Mediterranean types, while the north is more closely linked to central European biogeo-
graphic types (Blasi & al. 2007b). On a national level, many phytogeographic subdivisions
have been proposed (Giacomini 1958; Arrigoni 1980; Rivas-Martinez & al. 2004), and
more recently revised, with regard to the boundary between the central European and
Mediterranean regions; the latest proposal for this boundary is further south (near Monte
Pollino) than the previous proposals (Blasi & al. in press).

Landscape heterogeneity investigations on a national level have also recently been con-
ducted on the basis of specially compiled thematic maps (Blasi & al. 2007¢). According to
a map-making approach proposed in 2000 (Blasi & al. 2000), we identified homogeneous
land units on a progressively finer spatial scale, integrating bioclimatic, lithological and
morphological features as diagnostic attributes. Just as the macro-bioclimate was used to
map the land regions (Mediterranean, Temperate and Transitional), the land regions togeth-
er with the lithologic features (8 main types plus lagoons, glaciers and lakes, originally
extracted from a rich geolithological multiscale map collection) provided the land systems,
which in turn were combined with the morphological features (10 classes divided accord-
ing to gradient, aspect, elevation and landform, originally elaborated from a digital eleva-
tion model) to provide the land sub-systems (Fig. 1).

Disregarding the land use patterns as a diagnostic character, this classification model
provides a useful ecological framework for environmental potentiality investigations, such
as vegetation potential characterization (Blasi & al. 2005). In this regard, a distinction must
be made between 1) Potential Natural Vegetation, defined as the vegetation in a given habi-
tat that would develop at once to a mature stage without human influences (Tuxen 1956;
Westhoff & van der Maarel 1973), and ii) Vegetation Series, which is the combination of
all the plant communities that would develop to the same mature stage under uniform envi-
ronmental conditions (Rivas-Martinez 1976; Géhu 1986; Rivas-Martinez 2005), thus even
under the influence of human activities on plant communities that grow in current climat-
ic and edaphic conditions. The latter definition was used to characterize vegetation poten-
tial in Italy in both typological and spatial terms (vegetation series types and their distri-
bution). On the adopted scale of 1:250,000, 306 different vegetation series were recog-
nised: 258 types with a dominantly forestal vocation cover 92.5% of the national territory,
while 48 types with a shrubby, herbaceous, chamaephyitic, hydrophytic, aquatic and psam-
mophilous vocation cover the remaining 7.5% (Blasi & al. 2004).
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Fig. 1. Landscape classification of Italy.

Vegetation series in Italian landscape systems

The comprehensive biotic and abiotic data bank described above was used to correlate
the Land System cartography with the Vegetation Series Map of Italy.

Thus, every land system in each of the three Italian land regions (with a Mediterranean,
Transitional or Temperate macrobioclimatic feature) was described using syndynamic
information on the total number of series present, the number of series that cover more
than 5% of the system (threshold of significant coverage), the number of exclusive series
(i.e. those not present in other land systems) and the types of dominant series (those which
cover more than 10% within the system).

The complete results, shown in Tables 1-3, reveal the following noteworthy findings: 1)
the higher number of vegetation series in the Temperate region than in the other two land
regions, owing above all to this region’s larger coverage (58% of the national territory
compared with 25% in the Mediterranean region and 18% in the Transitional region); ii)
the low average cover percentage of the vegetation series, which is due to both the high
number of these series and the very marked land heterogeneity; iii) the extremely low num-
ber of exclusive vegetation series, which in the Transitional region are altogether absent.
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Table 1. Vegetation series in the Land System of the Mediterranean Region.

dominant series (>10% in the system)

Land System
Land system extension (ha x1000)
total nr of series
nr of series >5% in the system
nr of exclusive series

Carpino orientalis-Querco cerridis sigmetum
Violo dehnhardtii-Querco suberis sigmetum

effusive igneous 717 | 65| 7 | 1
Mespilo germanicae-Querco frainetto sigmetum

Oleo-Querco virgilianae sigmetum

Galio scabri-Querco suberis sigmetum
intrusive igneous 338 | 35| 4 | - |Prasio majoris-Querco ilicis typicum et phillyreetosum

angustifoliae sigmetum

Prasio majoris-Querco ilicis typicum et phillyreetosum

angustifoliae sigmetum

metamorphic 275 149 | 3 | -
Galio scabri-Querco suberis sigmetum
Erico arboreae-Querco virgilianae sigmetum
Cyclamino hederifolii-Querco ilicis sigmetum
carbonate Cyclamino hederifolii-Querco ilicis sigmetum myrtetosum
1576 1103 | 4 | 1
sedimentary communis
Oleo-Querco virgilianae sigmetum
chemical
193 |43 | 2 | - |Oleo-Querco virgilianae sigmetum
sedimentary
clastic Oleo-Querco virgilianae sigmetum
1431 | 98 | 6 | -
sedimentary Geosigmetum: Salicion albae, Populion albae, Alno-Ulmion

terraced clastic
1219 | 88 | 7 | - |Irido collinae-Querco virgilianae sigmetum
sedimentary

terrigenous Oleo-Querco virgilianae sigmetum
1623 (103 | 4 | -
sedimentary Erico arboreae-Querco virgilianae sigmetum
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Table 2. Vegetation series in the Land System of the Transitional Region.
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Coronillo emeri-Querco cerridis sigmetum
effusive igneous 437 | 59 | 6 | - |Violo dehnhardtii-Querco suberis sigmetum
Carpino orientalis-Querco cerridis sigmetum
Violo dehnhardtii-Querco suberis sigmetum
intrusive igneous | 345 | 35| 7 | - |Ornithogalo pyrenaici-Querco ichnusae sigmetum
Aceri monspessulani-Querco ilicis sigmetum
Erico arboreae-Querco virgilianae sigmetum
Prasio majoris-Querco ilicis typicum et phillyreetosum
metamorphic 409 |49 7 | -
angustifoliae sigmetum
Physospermo verticillati-Querco cerridis sigmetum
carbonate
1003 [117| 6 | - [Stipo bromoidis-Querco dalechampii sigmetum
sedimentary
Oleo-Querco virgilianae sigmetum
chemical
47 | 30 | 8 | - |Erico arboreae-Querco virgilianae sigmetum
sedimentary
Roso sempervirentis-Querco pubescentis sigmetum
clastic Geosigmetum: Salicion albae, Populion albae, Alno-Ulmion
536 |89 | 3 | -
sedimentary Roso sempervirentis-Querco pubescentis sigmetum
terraced clastic
549 | 73 | 4 | - |Roso sempervirentis-Querco pubescentis sigmetum
sedimentary
terrigenous .
1938 | 114| 4 | - |Roso sempervirentis-Querco pubescentis sigmetum
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Table 3. Vegetation series in the Land System of the Temperate Region.
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effusive igneous 572 |116| 5 | 5 |Coronillo emeri-Querco cerridis sigmetum

Anemono apenninae-Fago sylvaticae sigmetum

Geosigmetum: Caricion curvulae, Festucion variae, Androsacion
intrusive igneous 356 | 81| 6 1
vandelii, Androsacion alpinae, Caricion fuscae, Salicion

herbaceae, Loiseleurio-Vaccinion

Geosigmeum: Caricion curvulae, Festucion variae, Androsacion

vandelii, Androsacion alpinae, Caricion fuscae, Salicion

metamorphic 2096 |123] 5 1
herbaceae, Loiseleurio-Vaccinion
Luzulo niveae-Fago sylvaticae sigmetum
carbonate
3586 |195| 3 1 (Scutellario columnae-Ostryo carpinifoliae sigmetum
sedimentary
Physospermo cornubiensis-Querco petraeae sigmetum, Cytiso
chemical sessilifolii-Quercenion pubescentis
76 | 48| 6 | -
sedimentary Lonicero xylostei-Querco cerridis sigmetum
Erico arboreae-Querco cerridis sigmetum
Asparago tenuifolii-Querco roboris sigmetum
clastic
3866 |169| 4 | 1 |Geosigmeum: Salicetum incano-purpureae, Salicetum triandrae,
sedimentary

Populetum albae, Salicetum cinereae, Carici-Alnetum glutinosae

Carpinion betuli
terraced clastic
2455 {120 S5 | - |Erythronio-Carpinion,; Asparago tenuifolii-Querco roboris
sedimentary
sigmetum

terrigenous
4143 (198 5 | 3 |-
sedimentary
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Conclusions

Landscape classification is now consolidated in Italy, in accordance with international
projects such as GEOSS-Global Earth Observation System of Systems (GEO Science &
Technology Committee 2007) and ELCAI-European Landscape Character Assessment
Initiative (Wascher 2005).

The Vegetation Series Map of Italy can be used to compare the potential landscape and
vegetation with the existing landscape and vegetation, thereby providing an important tool
for landscape ecology and landscape planning on a variety of levels. Indeed, this reference
frame can be used for conservation purposes i.c. to assess landscape diversity on a nation-
al level, to check Rete Natura 2000 representativeness (Rosati & al. 2007), to define tar-
gets and indicators designed to reduce the loss of biodiversity on a landscape level (Corona
& Marchetti 2007), and to monitor and assess land use changes in relation to the potential
of the environment (Smiraglia & al. 2007).

Moreover, the definition of landscapes units relative to the flora, biogeography, ecolo-
gy and syntaxonomy is also being used as a framework for other recent national projects,
such as those aimed at identifying and mapping important plant areas (IPAs), outlining,
locating and characterising old growth forest in the national parks, rating plant invasion on
a national scale, and assessing landscape conservation in the national parks and, more gen-
erally, in Italy.
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The author presents an overview of phytocoenotic diversity in Southern Italy from the phyto-
geographic and phytosociological point of view. The ecological, chorological, floristic and
structural characteristics of the natural plant communities occurring in this area are examined.
The remarkable phytosociological diversity is correlated with the bioclimatic and geomorpho-
logic features of the territory.

Introduction

Biodiversity can be considered as the variety of life on Earth and the different combi-
nations that it forms. It is the result of millions of years of evolution, modeled by natural
processes and, in the last few millennia, increasingly influenced by man.

Biodiversity manifests itself at different levels. Using biological species as a reference,
a distinction is usually made between a specific level, a sub-specific level (genetic diver-
sity) and a supra-specific level (ecological diversity).

Whittaker (1972) distinguishes among various levels of biodiversity on various scales
that are now widely accepted by the scientific community. He evidences an a diversity,
seen as the diversity of species in a given habitat, a  diversity, or diversity of habitats in
a wide area, and a vy diversity, or the diversity of species at a regional level without con-
sidering types of habitat.

Loidi (2004) states that vegetation is a good indicator of biodiversity and that the o
diversity, regarding vascular flora, can be evaluated by means of the list of species occur-
ring in the phytosociological relevés. He also shows that the B diversity is linked to the
phytocoenoses of an area, which is a direct consequence of the environmental heterogene-
ity, and that the y diversity can be inferred from the complete set of phytocoenoses occur-
ring in a given area. According to Loidi (l.c.) several authors (Pilieu 1991; Loidi 2004;
Redzi¢ 2007, Willmer & al. 2004), highlighted that the syntaxonomic diversity of vegeta-
tion is a good indicator of habitat diversity and heterogeneity. In particular, using the phy-
tosociological method, vegetation can, quite easily, be analyzed, distinguished into plant
communities or phytocoenoses and finally mapped. This finds many applications in terri-
tory management. Moreover the knowledges on phytocoenotic diversity have a remarkable
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phytogeographic meaning because they allow to characterize areas with analogous vege-
tation interested from the same paleogeographic vicissitudes.

This paper presents an overview of knowledge about the phytocoenotic diversity of veg-
etation in Southern Italy, as defined by the phytosociological method. At the present time
we have several territorial and syntaxonomic studies, as well as the availability of an
uncritical syntaxonomic survey of the Italian regions (the LISY project), with which it is
possible to provide a concise and up-to date scheme of the phytocoenotic diversity that
characterizes Southern Italy.

In Italy there is no up-to-date national checklist regarding phytocoenotic diversity, even
though an attempt was made for some regions in 1995 during a meeting organized by the
Accademia Nazionale dei Lincei (Camarda & Satta 1995; Mariotti 1995, Giglio &
Tammaro 1995; Brullo & al. 1995; Poldini & Vidali 1995; Pignatti & Pignatti 1995). At
present an updated checklist is available only for Sicily (Brullo & al. 2002).

In several other European countries, on the other hand, relatively complete checklists
are available (Lawesson 2004; Rivas Martinez & al. 2001; Borhidi 1996; Schaminée & al.
1995-1999; Mucina & al. 1993; Pott 1995). An overview of phytosociological alliances for
the whole of Europe was produced by Rodwell & al. (2002). These authors consider phy-
tosociological knowledge concerning Italy as moderate on the basis of the number of
relevés, the existence of a national database and the publication of a national overview.

Study area

Southern Italy is a large territory of almost 58,000 Km? including 4 regions: Campania,
Apulia, Basilicata and Calabria. It is dominated by the Southern Apennine range, which
constitutes a clearly defined geographic unit extending from the Sannio mountains in
Campania to the Strait of Messina with peaks that only in the Pollino massif and in the
Sirino-Papa mountain exceed 2,000 m a.s.l. (Serra Dolcedorme 2267 m) (Fig. 1).

Phytogeographic features

From the phytogeographic point of view, while in the past Southern Italy was referred
exclusively to the Mediterranean region (Giacomini & Fenaroli, 1958; Meusel & al. 1965),
nowadays various authors (Pedrotti 1996, Rivas Martinez & al. 2004a) are agree in refer-
ring Southern Italy to two separate regions, European and Mediterranean, within the
Holarctic kingdom. In particular, Rivas Martinez & al. (l.c.) attribute this territory to the
Eurosiberian and Mediterranean biogeographic regions; the former is represented by the
Apennine province, while the latter is represented by the Italo-Tyrrhenian province (with
the western Italian coastal sector that includes Campania, Basilicata and Calabria), and by
the Adriatic province with the Apulian sector.

Geolithological features

The Apennine, like other Mediterranean ranges, originated from interaction between the
African and European plates. Lentini & al. (1995) evidence the complex genesis and sub-
strate diversity of the Southern Apennine. They point out that, from a structural viewpoint,
in Southern Italy it is possible to recognize 4 geolithological units: the Calabrian-Peloritan
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arc, formed by crystalline bedrock with relative debris covers, the Apulian block belong-
ing to the African plate and formed of limestone, and two series of sedimentary bedrocks
that are part of the Apennine-Maghrebian chain and the external trust system (Fig. 2).

Bioclimatic features

Recent acquisitions in bioclimatic classification (Biondi & Baldoni 1994, Rivas
Martinez 1995) allow to attribute the bioclimate of Southern Italy to two different typolo-
gies. The territory that goes from sea level to approximately 800-1000 m a.s.l. falls into the
Mediterranean bioclimate that, according to Rivas Martinez & al. (2004b), can be classi-
fied as oceanic pluvioseasonal Mediterranean. The territories above approximately 800-
1000 m a.s.1., on the other hand, are characterized by a Temperate oceanic bioclimate.

Blasi e Michetti (2007) carried out an in-depth analysis of the bioclimatic features of
Italy, showing that in it is possible to recognize many different transitions zones within
each macrobioclimate. In particularly, in Southern Italy they identify 6 bioclimatic typolo-
gies: Mediterranean oceanic, Mediterranean oceanic of transition, Temperate oceanic,
Temperate oceanic of transition, Temperate oceanic-semicontinental, and Temperate
oceanic-semicontinental of transition.

Materials and Methods

The survey of the phytocoenoses occurring in was carried out using data from the LISY
project. This project, promoted and supported by the “Italian Society of Vegetation
Science”, allowed the realization of an uncritical list of the syntaxonomic units known for
the vegetation of the various Italian regions. (Albano & Marchiori 2001; Di Pietro &
Fascetti 2001; Ercole & Filesi 2001; Fascetti & al. 2007; Marchiori & Albano 2007; Rosati
& Surbera 2007; Passalacqua & al. 2007; Spampinato 2001). Updated studies relating to
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Fig. 2. Tectonic features of the central
Mediterranean area (from Lentini & al., 1995,
Fig. 1. Physiographic map of Southern Italy. modified).
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the vegetation of the territory and the syntaxomomic revisions available in literature are
also examined (Bianco & al. 1988; Brullo & al. 1997, 2001a, 2001b, 2005, 2006; Blasi &
al. 2004, 2006, Biondi & al. 1995, 2003, 2004, 2006; Di Pietro & al. 2004; Corbetta & al.
2004; Forte & al 2005; Fanelli & al. 2001; Rosati & al. 2005).

All the data were put into a database. With the purpose of drawing up a concise and
updated scheme of the phytocoenotic diversity of Southern Italy, a syntaxonomic revision
of all the data published for the regions of Southern Italy (Apulia, Campania, Basilicata
and Calabria) was carried out. The nomenclature of the syntaxa follows the criteria defined
by the international code of phytosociology (Weber & al. 2000) and takes account of the
nomenclatural revision performed by Rivas Martinez & al. (2001).

The distribution of syntax, especially those endemic, was also examined to highlight the
phytogeographic significance of the syntaxonomic knowledges

Results

Critical revision of the published data concerning vegetation in Southern Italy made it
possible to realize an up-to-date syntaxonomic scheme and to make some considerations
on the phytocoenotic diversity and richness of this territory. Table 1 lists the syntaxonom-
ic scheme up to sub-alliance level, highlighting the occurrence of each sintaxon in the
regions Southern Italy.

The revision allowed the identification of 515 associations grouped into 156 alliances,
84 orders, and 49 classes (Table 2). In comparison with the data known for Europe and
cited by Rodwell & al. (2002), 61% of the classes, 36% of the orders and 18% of the
alliances are present in Southern Italy.

The number of associations occurring in each vegetation class shows that the phyto-
coenotic diversity is concentrated in a very few classes (Fig. 3). In fact, most classes are
present with one or only a few associations, and only some of them include a considerable
number of plant communities.

This distribution appears quite similar to that noted in the taxonomic field, where most
of the species are concentrated in a few supra-specific taxonomic units.

The most represented class is Quercetea ilicis, with 58 plant communities. This high
phytocoenotic diversity depends essentially on the importance and diversification that the
vegetation belonging to this class has in Southern Italy. It is followed by the Querco-
Fagetea class, with 36 plant communities showing that vegetation typical of habitats with
a temperate bioclimate also introduces an elevated degree of diversification.

Among the most represented classes there is that of Stellarietea mediae, indicating a
considerable anthropic impact on the territory, mainly localized in the coastal and hilly
belt. Other well represented classes are those of Lygeo-Stipetea, Tuberarietea and Cisto-
Micromerietea, which include plant communities deriving from the degradation of
Quercetea ilicis woods. Less represented is the Festuco-Brometea class which is dynami-
cally linked to the Querco-Fagetea woods.

Considering the year of description of the associations, it is clear that they tend to
increase in time (Fig. 4). This testifies that many progresses have recently been made in
the analysis and definition of Southern Italian vegetation typologies. It can also be
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Tab. 1. Syntaxonomic scheme of Southern Italy vegetation up to suballiances with indication of
regional distribution (BS: Basilicata, CM: Campania, CL: Calabria, PG: Apulia).

QUERCETEA ILICIS Br.-BI. ex A. Bolds 1950 - CL PG BS (M

QUERCETALIA ILIQS Br-BL1936 emRiv. Mart.1975 - L PG BS (M

Fraxino orni-Quercion ilicis Biondi, Casavecchiia & Gigante 2003 - CL PG BS (M
QUERCETALIA CALLIPRINI Io ohary 1955- CL PG BS (M

Oleo-Ceratonion Br.-Blex Guinochet & Drouin. 1944 em. Riv. Mart.1975 - CL PG BS (M
Ericion arboreae Riv. Mart (1975) 1987 - PG (L BS

Juniperion turbinata Riv. Mart. (1975) 1987 - PG CL BS

QUERCO-FAGETEA Br.-BL & Vlieger in Vieger 1937 - CL PG BS (M

FAGETALIA SYLVATICAE Pawl. in Pawl & al 1928 - CL PG BS (M

Doronico-Fagion Ubaldi & al. ex Ubaldi 1995 - CL BS (M

Campanulo trichoalydnae-Fagion Ubaldi ex Brullo,Sceki & Spamp.2001 - CL (M BS
Aremonio-Fagion sylvatiae (Horvat 1938) Torok, Podani, Borhidi 1989 - CM
QUERCETALIA PUBESCENTI-PETRAEAE Kika 1933 - CL (M BS PG

Teuaio siculi-Quercion cerridis Ubaldi 1988 - CL (M BS PG

Ptilostemo stricti-Quercenion erridis Bonin & Gamisans 1977 - CL (M BS
Tilio-Ostryion carpinifoliae Brullo, Scdsi & Spamp. 2001 - CL

Pino-Querdon congestae Brullo, Scelsi, Siracusa & Spamp. 1999 - @ PG
Quercenion virgilianae Blasi, Di Pietro & Filesi 2004 - CL PG

Carpinion orientalis Horvat 1958 - @ (M BS PG

Festuco exaltatae-Ostryenion carpinifoliae Blasi,filibek & Rosati 2006 - CL CM BS PG
Lauro nobilis-Quercenion pubescenis Ubaldi 1995 - PG CM

Corylo-Polulion tremulae (Br-BLex O.Bolos 1973) Riv.-Mart. & Costa 1998 - (M CL
Aceri obtusati-Populeion tremulae Taffetani 2000 - CM @

SALKI PURPUREAE-POPULETEA NIGRAE (Riv. Mart. & Cantd ex Riv. Mart, Bisc.Diaz, Fernin-G &
Loidi 1991) Riv. Mart. & al. 2002 - (M PG BS CL

POPULETALIA ALBAE Br-BL ex Tchou 1948 - (M PG BS CL

Populion albae Br.-BL ex Tchou 1948 - CM PG BS CL

Osmundo-Ahnion glutinosae (Br.-Bl, P. Silva & Rozeira 1956) Dierschke & Riv. Mart. in Riv. Mart.
1975 - CL BS

Ano-Ulmion Br-BL & R Tx. ex Tchou 1948 - CL CM BS PG

Alno-Quercion roboris Horvat 1950 - CL BS PG CM

Platanion orientalis | & V. Karpati 1961 - CM (L

SALCETALA PURPUREAE Moor 1958 - CL (M BS PG

Salicon albae Sod 1930 em. Moor 1958 - CL (M BS PG

ALNETEA GLUTINOSAE Br.-BL & RTx. ex Westhoff, Dijk & Passchier 1946 - BS (L
ALNETALIA GLUTINOSAE RTx. 1937 em. Miiller & Gars 1958 - BS CL

Salidon cinereae Miiller & Gors 1958 - BS (L

NERIO-TAMARICETEA Br.BL & 0. Bolos 1957 - CL CM BS

TAMARICETALI Br.-BL& 0.Bolds 1957 emlzco,Fernand.& Moiinia 1984 - CL (M BS
Rubo-Nerion oleandri 0. Bolds 1985 - CL CM BS

Tamaricion aficanae Br-BI 0. Bolds 1958 - CL BS

PINO-JUNIPERETEA Riv. Mart. 1964 - CL BS

JUNIPERETALIA HEMISPHAERICAE Riv.Mart. & Molina in Riv.Mart. & al.1999 - CL BS
Berberidion atnenss Brullo, Giusso & Guarino 2001 - CL

PINO-JUNIPERETALIA Rivas -Martinez | 964 - CL BS

Daphno  oleoidis-Juniperion alpinae Stansd 1997 - CL BS

RHAMNO-PRUNETEA Rivas Goday & Borja ex Tiixen 1962 - CL CM BS PG
PRUNETALIA SPINGSAE R. Tx. 1952 - CL CM BS PG

Cytision sessiliflorii Biondi in Biondi, Allegrezza & Guitan 1988 - CM

Berberidion wulgaris Br-BL 1950 - CL PG

Fraxino orni-Berberidenion Poldini & Vidali 1995 - CL PG

Berberidenion wilgaris Géhu Foucault & Delis-Dusollier 1983 - PG

Pruno-Rubion uimifolii 0.Bolds 1954 - CL CM BS

Pruno-Rubenion ulmifolii 0.Bolos 1954 - CL CM BS

CYTISETEA STRIATO-SCOPARII Riv. Mart. 1975- CL

CYTISETALIA STRIATO-SCOPARII Riv. Mart. 1975 - CL

Violion messanensis Brullo & Fumai in Barbagallo & al. 1982 - (L
CISTO-MICROMERIETEA Oberdorfer 1954 - CM PG BS (L

CISTO-ERCETALI Horvatic 1958 - CM PG BS (L

Cisto-Ericion Harvaic 1958 - (M PG BS (L

Cisto eriocephali-Erigon multiflorae Biondi 2000 - CM

Cytiso spinescentis-Satureion montanae Pirone & Tamm. 1997 - PG (M BS
PEGANO-SALSOLETEA Br.-BL. & 0. Bolds 1958 - CL BS PG

SALSOLO-PEGANETALIA Br.BI. & 0. Bols 1954 - CL BS PG

Salsolo vermiculatae-Peganion harmalae Br-BI. & 0. Bolos 1954 - CL BS
Artemision arboresentis Géhu & Biondi 1986 - CL BS PG

SCROPHULARIOHE LICHRYSETEA Brullo, Scdsi & Spampinato 1998 - CL BS CM
SCROPHULARIQHE LICHRYSETALI Brullo 1984 - CL BS CM

Euphorbion rigidae Brullo & Spamp. 1990 - CL BS

Linarion purpureae Brullo 1984 - CL BS CM

RUMICI-ASTRAGALETEA SICULI Pign& Nimis in Pign. & al.1980 em.Mudna 1997 - (L
ANTHEMIDETALA CALABRAE Brullo, Scelsi & Spamp. 2001 - CL

Armerion aspromontanae Brullo, Sceki & Spamp. 2001 - CL

Koelerio-Astragalion alabrice Giacomini & Gentile ex Brullo 2005 - CL
FESTUCO-BROMETEA Br.-BL & Tx. 1943 - CM PG BS (L

BROMETALIA ERECTI Br.-BI. 1936 - CM PG BS CL

Artemisio abae-Bromenalia eredti Biondi & al. 1995 - CM PG BS (L

Phleo ambigui-Bromion ereci Biondi & Blai ex Biondi, Balleli, Allegreza & Zuccardlo 1995 - CL BS|
Sideridenion syriaae Biondi, Ballelii, Allegrezza & Zuacarello 1995 - BS CI
Xerobromion erecti Br.-BL & Moor 1938 - BS

SCORZONERO-CHRYSOPOGONETALIA Horvatic & Horvat 1956 - CL BS PG
Cytiso-Bromion erecti Bonin 1969 - CL BS

Hippoaepido claucae-Stipion austroitaiae Forte & Terzi 2005 - PG

SESLERETALIA TENUIFOUAE Horvat 1930 - CL BS (M

Seslerion apenninae Fumai in Bruno & Fumari 1966 - @ BS (M

Festucion violaceae Avena & Bruno 1975 - (L BS

THLASPIETEA ROTUNDIFOLII Br.-BL 1948 - CL BS

THLASPIETAUA STYLOSH Avena & Bruno 1975 - CL BS

Linario-Festudon dimorphae Avena & Bruno 1975 - (L

Stipion calamagros tidis Br.-Bl. 1930 - BS

ASPLENIETEA TRICHOMANIS (Br.-Blin Meier & Br.BL.1934) Oberd 1977 - CM PG BS CL
ASPLENIETALIA GLANDULOSI Br.-BI. & Meier 1934 - CM PG BS CL

Dianthion rupicolae Brulo & Macend 1979 - (L CM BS

Centaurdon pentadadylis Brullo, Scelsi & Spampinato 2001 - CL

CENTAUREO CAMPANULETALIA Trinajs tic 1980 - PG

Asperulion garganicae Biana, Brullo, Pignatti E. & §. 1988 - PG

POTENTILLETALIA CAULESCENTS Br-BL in Br.-BL & Jenny 1926 - CL BS

Saxifragion australis Biondi & Ballelli ex Brullo 1984 - CL BS

ONCSMETALIA FRUTESCENTIS Quezel 1964 - PG

Campanulion versicolaris Quezel 1964 - PG

ANOMODONTO-POLYPODE TALIA 0. Bolds & Vives in 0. Bolos 1957 - CL
Bartramio-Polypodion servati 0. Bolos & Vives in 0. Bolos 1957 - CL

Pohlio-Asp lenion septentrionals Brullo & Siraassa in Brullo & al2001 - CL
HYPNO-POLYPODETALIA VULGARIS Jurko & Pedar ex Brullo Scelsi & Spamp.2001 - CL
Hypno-Polypodion vulgaris Mucina 1993 - CL

CHEILANTHETALIA MARANTHO-MADERENSIS Saenz & Riv. Mart. 1979 - (L

Pha gnalo- Cheilanthion maderensis Loisel 1970 com.Perez Garro & al 1989 - CL
ADIANTETEA Br-BI. & R Tx ex Br-BL 1948 - CM PG BS (L

ADIANTETALIA Br.-Bl. ex Horvatic 1939 - (M PG BS CL

Adiantion Br-Bl. ex Horvatic 1934 - (M PG BS (L

CRITHMO-LIMONIETEA Br.-BI. 1952 - CL PG BS CM

CRITHMO-LMONIETALIA Molinier 1934 - CL PG BS (M

Crithmo-Limonion Molinier 1934 - CL PG BS CM

Anthyllidion barba-jovis Brullo & De Mara 1989 - PG (M

Plantagini-Thymelaéion hirs utae Bartolo & Brullo 1992 - CM PG

AMMOPHILETEA Br.-BL& R.Tx.ex Westhoff Dijk & Passchier 1946 - CL PG BS (M
AMMOPHILETALIA Br-BI. 1933 - CL BS PG (M

Ammophilion australis Br.-BI.I92I corr. Riv.Mart, Costa & lzco in Riv.Mart. & al.1990 - CL BS PG
CRUCIANELLETALIA MARITIMAE Sisingh 1974 - CL BS PG

Ononidion ramosissimae Pignatti 1952 - CLBS PG

Psammo-Koelerion macanthe Pignatti 1952 - BS

CAKILETEA MARITIMAE R. Tx. & Preising in R T. 1950 - CL PG BS (M
EUPHORBIETALA PEPLIS R Tx. 1950 - CL BS PG (M

Euphorbion peplis R Tx 1950 - CL BS PG (M

SARCOCORNIETEA FRUTICOSAE Br.-BI. & RTxex ABolds 1950 em.0.Bolos 1967 - CL PG BS
SARCOCORNIETALA FRUTICOSAE Br.-BLI933 em. OBoks 1967 - CL BS PG
Saacornion fruticosae Br.-BL 1933 em Brullo & Furmari 1988 - (L

Suaedion verae (Riv. Mat, Lousa, TE. Diaz, FernindezGonzaler & [C. Costa 1990) Riv. Mart,
Feméndez-Gonzalez & Loidi 1999 - @ BS PG

Arthrocnemion glaud Riv. Mart. & Costa 1984 - BS PG

THERO-SUADETEA Riv. Mart. 1972 - CL BS PG

THERO-SALICORNIETALIA EUROPEA Tx in Tx & Oberd. ex Géhu & Géhu-Franck 1984 - CL BS PG
Saliornion patule Géhu & Géhu-Franck 1984 - (L BS PG

THERO-SUAE DETALIA Br.-BI. & 0. Bolds 1958 - BS PG

Thero-Suaedion Br-BL in Br.-BL, Roussine & Negre 1952 - BS PG

JUNCETEA MARITIMI Br.BL in Br.-Bl, Roussine & Négre 1952 - CL BS PG

JUNCETAUA MARITIMI BrBL ex Harvatic 1934 - (L BS PG

Juncion maitimi Br.Bl. ex Horvatic 1934 - CL BS PG

Juncenion maitimae Géhu & Biondi 1995 - PG

Puccinielienion festuciformis (Géhu & Scoppola 1984, in Géhu & al 1984) Géhu & Biondi 1995 -
Plantaginion aassifoliae Br.-BI(1931) 1952 - (L BS PG

Elytrigo-Artemsion coerulescentis (Pign. 1953) Géhu & Scoppola in Géhu & al. 1984 - BS PG
LYGEQ-STIPETEA Riv. Mart. 1978 - CL PG BS (M

LYGEQ-STIPETALIA Br.-BI. & Bolos 1958 an. Riv. Mart. 1978 - CL PG BS (M
Moricandio-Lyg éon sparti Brullo, De Marw & Signarello 1990 - CL BS

Polygonion tenoreani Brullo, De Marco & Signorello 1990 - CL BS

HYPARRHENIETAUA Riv. Mart. 1978 - CL PG BS CM

Avenulo-Anp dodesmion mauritanid Minissale |995 - CL CM

Saturejo-Hyparrhenion hirtae 0. Bolos 1961 - CL PG (M

Saturejo-Hyparrhenenion hirtae 0. Bolos 1961 - CL PG CM

Avistido- Hyparheneion hirt2e Brullo, Scelsi & Spamp. 1997 - CL

Thero-Brachypodion ramosi Br.-BL 1925 - CL PG (M

Bromo-Oryzopsion miiacea 0.Bolds 1970 — CL
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TUBERARIETEA GUTTATAE (Br-BL1940) Riv.Goday & Riv.Mart.1963 - CL PG BS (M
TRACHYNETALIA DISTACHYAE Riv. Mart. 1978 - CL PG BS CM
Onobrychido-P tilostemion stellati Brullo Scelsi & Spamp. 2001 - CL
Plantagini-Catapodion marini Brullo 1985 - (L

Trachynion di tachyae Riv. Mart. 1978 - CL

TUBERARIETALIA GUTTATAE Br.-BI.1940 - CL BS PG CM

Tuberarion guttatae Br.-BL1940 - CL CM

Sderantho-Myos otidion incrassatae Brullo, Sceki & Spamp. 2001 - (L
MALCOLMIETALIA Rivas Goday 1957 - CL CM BS PG

Alkanno-Maresion nanae Riva Goday ex Rivas Goday & Riv. Mart. 1963 corr. DiezGarretas & al
2001 - CL PG BS

Laguro ovati-Vulpion mentranaceae Gehu & Biondi 1994 - CL BS PG (M
SEDO-SCLERANTHETEA Br.-BL 1946 em. Th Muller 1961 - (M
SEDO-SCLERANTHETALIA Br-BL 1955 - (M

Nisso alyssoides-Sedion albae Oberd. & Th Muller 1961 - CM

SAGNETEA MARITIMAE Westh, Leasw. & Adriani 1962 - CL PG BS
FRANKEMIETALIA PULVERULENTAE RivMartex Castrov.& Porta 1976 - CL PG BS
Frankenion pubverulentae Riv. Mart. ex Castroviejo & Porta 1976 - (L PG
Gaudinio-Podo spermion cani Brullo & Siracusa 2000 - CL

Hordeion marini Ladero, Navarro, Valle, Marcos, Ruiz & Santos 1984 - CL
CRYPSIDETALI ACULEATAE Vicherek 1973 - BS PG

Crypsidion aculeatae Pignatti 1954 - BS PG

LEMNETEA MINORIS R Tx. ex 0. Bolds & Masclans 1955 - CL PG BS (M
LEMNETALIA MINORIS R Tx. ex 0. Bolts & Masdans 1955 - CL PG BS CM
Lemnion minoris R. Tx. ex 0. Bolds & Masclans 1955 - CL PG BS CM
PLATYHYPNIDIO-FONTINALETEA ANTI-PYRETICAE Philippi 1956 - CL
BRACHYTHECIETALIA PLUMOSI Philippi 1956 - CL

Sapanion undulatae Philippi 1956 - (L

LEPTODICTYETAUA RIPARII Phiippi 1956 - CL

Platyhypnidion rusciformis Philippi 1956 - (L

POTAMETEA PECTINATI RTx. & Preising 1942 - CL PG BS (M
POTAMETALIA W. Koch 1926 - CL PG BS CM

Nymphaeion abae Oberd. 1957 - CL BS

Potamion pectinati(Koch 1926) Libbert 1931 - PG BS

Ranunaslion aquatilis Passarge 1964 - CL

UTRICULAREETALIA Den Hartog & Segal 1964 - BS PG (L

Utrialarion Den Hartog & Segal 1964 - PG

Ceratophyllion demersi Den Hartog & Segal ex Passarge 1996 - BS (L
Lannichellion pedicellatae Schaminée, Lanjouw & Schip. 1990 emPott 1992 - BS
CHARETEA FRAGILS Fukarek & Kraush 1964 - PG

CHARETALIA HISPDAE Sauer & Kraush 1964 - PG

Charion canescents Kraush 1964 - PG

RUPPIETEA JTx.1960 - CL PG

RUPPIETALK JTx.1960 - (L PG

Ruppion maritimae Br.-BL er Westhoff in Bennema, & al. 1943 - (L PG
POSIDONIETEA Den Hartog 1976 - CL PG BS

POSIDONIETALIA Den Hartog 1976 - CL PG BS

Posidonion oceanid Br-BI, Roussine & Négre 1952 - CL PG BS
ISOETO-NANOJUNCETEA Br.-BL & R Tx. ex Westhoff & al. 1946 - CL PG
NANOCYPERETAUA Kika 1935 - CL PG

Nanocyperion fawscentis W. Koch ex Libbert 1932 - (L PG

Cicendion (Rivas Goday in Rivas Goday & Borja 1961) Br.-Bl. 1967 - CL
TOSTERETEA MARNAE Pignatti 1954 - PG

LOSTERETAUA MARINAE Beguinot 1941 em. RTx & Oberd. 1958 - PG
Losterion marinae Christiansen 1934 - PG

HALODULO WRIGHTII-THALASSIETEA TESTUDIUM Den Hartog ex Riv. Mart, Femandez-Gonzilez &
Loidi 1999 - PG

THALASSI0- SYRINGODIETALIA FILFORMIS Borhidi,Mufiiz & Dd Risco in Borhidi 1996 - PG
Syring odio-Thalassion testudinum Borhidi 1996 - PG
MONTIO-CARDAMINETEA Br-BL & R Tx. exBr.-BL 1948 - CL
MONTIO-CARDAMINETAUA Pawlowski in Pawlowski & al 1928 - CL
Caricon remotae Kistner 1941 - (L

Cardamino-Montion Br.-BL 1926 - (L

Cratoneurion commutati W. Koch 1928 - (L

MOLINIO-ARRHENATERETEA R. Tx 1937 - CL PG BS (M

MOLINETALKA Koch 1937 - CL

Calthion Tx 1937 em. BalTul. 1978 - CL

Filipenduleion ulmariae (Lohm in Oberd. & al. 1967) BalTul 1978 - CL
ARRHENATHE RETALIA Pawl.I 928 - BS CL CM

Cynosurion Tx 1947 - (L

Arthenatherion W. Koch 1926 - CL BS

CIRSIETAUA VALLIS-DEMONIS Brulo & Grilo 1978 - CL

Plantaginion aipani Brullo & Grilo 1978 - (L

HOLOSCHOENETAUA Br.-BI. ex Tchou 1948 - CL BS

Molinio-Holoschoenion vulgaris BrBL ex Tchou 1948 - PG
Dadtylorhizo-Jundon striati Brullo & Grillo 1978 - CL BS

Senecion samniti Bonin 1978 - CL BS

PLANTAGINETAUA MAJORIS R. Tx. 1950 - CL CM BS

Trifolio fragiferi-Cynodontion Br.8L & 0. Bolos 1958 - (L

Lolio-Plant ginion majoris Sssingh 1969 - CL (M

Paspalo-Polypogonion verticillati Br-BLin Br.-BL, Rouss.& Negre 1952 - @
Mento-Jundon infexi De Focault 1984 - CL BS

NARDETEA STRICTAE Rivas Goday ex Riv. Goday & Riv. Mart. 1963 - CLBS
NARDETALIA STRICAE Oberd. 1949 - CLBS

Ranunailo-Nardion strictae Bonin 1972 - (L BS

ISOETO-LITTORELLETEA Br-BI. & Vlieger in Vlieger 1937 - CL

LITTORELLETALA W. Kech 1926 - CL

Hyperico elo di-Sparganion Br.-BL & R. Tx. ex Oberd. 1957 - (L
SCHEUCHZERIO-CARICETEA FUSCAE R. Tx. 1937 - CL

CARICETAUA FUSCAE W. Koch 1926 em. Br-Bl. 1949 - CL

Carigon fuscae W. Koch 1926 em. Klika 1934 - CL

PHRAGMTO-MAGNOCARICETEA Kika in Kika & Novak 1941 - CL PG BS (M
PHRAGMTETALIA W. Koch 1926 em. Pigratti 1954 - CL PG BS (M

Phragmition W. Koch 1926 - CL PG BS (M

NASTURTIO-GLYCERETAUA Pignatti 1954 - CL PG BS

Nasturtion ofidnalis Géhu & Géhu-Franck 1987 - (L PG

GlycerioSparganion Br.-BL & Sissingh in Boer 1942 - (L BS

SQRPETALIA COMPACT! Hejny in Holub, Hejny, Moravec & Neuhausl 1967 corr. Riv. Mart., Costa,
Castroviejo & E. Valdés 1980 - CL PG BS

Sdrpion compacti Dahl & HadaC 1941 corr. Riv. Mart. & al1980- CL PG BS
MAGNOCARICETALIA Pignatti 1954 - BS CL PG

Magnocaridon el Kod 1926 - BS (L PG

ARTEMBIETEA WLGARIS Th. Mueller 1981 in Oberd. 1983 - (L

ARTEMBIETALIA VULGARIS Lohm. in Tx. 1947 - CL

Arction lappae Tx (1937) em. 1950 - CL

GALIO-URTICETEA Passarge ex Kopecky 1969 - (L PG

CIRCAE O-STACHYETALIA SYLVATICAE Passarge 1967 - (L

Mycdido-Stachyion sylvaticae Passarge (1967) 1979 - CL

CONVOLVULETALIA SEPIUM R. Tx.1950 - CL PG

Balloto-Conion maaulati Brullo in Brullo & Marceno 1985 - CL

Senecionion fuviatilis R. Tx. 1950 - CL

Dorycnion recti Géhu & Biondi 1988 - PG

GLECHOMETALIA HEDERACEA R Tx. in R Tx & Brun-Hool 1975 - CL

Antrsdon nemorosae Brullo in Brulo & Mareno 1985 - (L

Aegopodion podagrariae Tx. 1967 - (L

Galio-Alliarion petiolatae Oberd. & Lohm.1967 - CL

EPILOBIETEA ANGUSTIFOLII R. Tx. & Presing ex v. Rochow 1951 - CL

ATROPETALIA BELLADONNAE Mieger 1937 - (L

Atropion belladonnae Br.-Bl. ex Aichinger 1933 - (L

Epilobion angustifolii (Rubel 1933) So0 1933 - @

PARIETARIETEA |UDAICAE Oberd. 1977 - CL PG BS CM

TORTULO-CYMBALARIETALIA Segal 1969 - CL PG BS (M

Parietarion judaicae Segal 1969 - CL PG BS (M

Cymbalario- A plenion Segal 1969 - CL BS PG

ONOPORDETEA ACANTHI Br.-BL 1964 - CL

CARTHAMETAUA (ANATI Brullo in Brullo & Mareend 1985 - CL

Onopordion ilyrid Oberd. 1954 - CL

POLYGONO-POETEA ANNUAE Riv. Mart. 1975 - (L PG

POLYGONO ARENASTRI-POETAUA ANNUAE RTx in Géhu, Richard & Tiixen 1972 corr. Rv. Mart,, &
al 1991 - CL PG

Polyarpion teraphylii Riv. Mart. 1975 - CL PG

Matricario-Polygonion arenastri Riv. Mart. 1975 com. Riv. Mart., Bascones, TE. Diaz, femnandez-
Gonzalez & Loidi 1991 - PG

PAPAVERETEA RHOEADIS Brullo, Scelsi & Spamp. 2001 - CL PG BS (M
PAPAVERETALIA RHOEADIS Hiippe & Hofmeister ex Theurilat & al.l 995 - CL PG BS CM
Ridolfion segeti Négre ex Riv. Mart. & al. 1999- (L PG BS (M

Roemerion hybridae Br-Bl ex Riv. Mart. & al 1999 - (L

APERETALIA SPICAE-VENTI |. & R Tx. in Malato Beiz & al. 1960 - (L

Sderanthion annui (Kruseman & Mieger |939) Sissingh in Westhof & al. 1946 - (L
STELLAREETEA MEDIAE RTx., Lohmeyer & Presing ex v.Rochow 1951 - CL PG BS CM
POLYGONO-CHENOPODIETALIA AIBI RTx. & Lohm in RTx.1950 em.)Tx.I966 - CL PG BS Of
Fumarion wirtgenio-agrariae Brullo in Brullo & Marceno 1985 - (L
SOLANO-POLYGONETALIA CONVOLVULI (Sissingh in Westhoff & al 1946) 0. Bols 1962 em Brullo &
Marcend 1980 - CL PG

Panico-Setarion Sissingh in Westhoff & al 1946 - (L PG

Diplotaxion erucoidis Br.-Bl. in Br-Bl. & al.1936 emBrullo & Marcend 1980 - CL
Chenopodion botryos Brullo & Marcend 1980 - CL BS

URTICO-SCROPHULARIETALIA PEREGRINAE Brullo in Brullo & Marcend 1985 - CL
Allion triquetri 0. Bolos 1967 - CL

Veronico-Urticion urentis Brullo in Brullo & Mareeno 1985 - @

CHENOPODIETAUA MURALS Br.-BLin Br.-BL &al.I936 em.Riv.Mart. 1977 - (L BS
Chenopodion murakis Br.-Bl. in Br-BIl. & al. 1936 em Brulo 1985 - CL BS

Malvion parvifiorae (Riv. Mart. 1978) Brullo in Brullo & Marceno 1985 - CL
Mesembryanthemion aystalini Riv. Mart. & al 1993 - PG

THERO-BROMETALIA (Rivas Goday & Rivas-Martinez ex Esteve |973) 0. Bolos 1975 - BS CLCM PG
Hordeion leporini Br.-Bl. in Br-Bl. & al 1936 - BS CL (M PG

Echio plan taginei-Galactition tomentosae 0. Bolos & Molinier 1969 - CL BS (M
GERANIO-CARDAMINETALIA HIRSUTAE Brullo in Brullo & Marcend 1985 - (L

Valan tioGalion muralis Brullo in Brulo & Marend 1985 - CL
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Fig. 3. Number of associations and subassociations occurring in each class of vegetation.
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Tab. 2. Number of syntaxa occurring in Southern Italy and in each region.
Sltaly Basilicata Calabria Campania Apulia
Classes 49 33 33 33 33
Orders 84 50 75 32 50
Sub orders 1 1 1 1 1
Alliance 156 69 128 44 66
Suballiance 13 6 10 6 10
Associations 515 105 342 79 143
Subassociations 50 10 13 23 18
Total Sintaxa 868 274 614 209 321

assumed that further studies on the vegetation of Southern Italy will allow other phyto-
coenoses to be detected for this territory. The total number of phytocoenoses currently
known is therefore probably underestimated.

Taking into consideration the number of syntaxa known for each region (Table 1),
it is possible to observe that Calabria shows the higher number of syntaxa than the
other regions. It is followed by Apulia and Basilicata while Campania has the lowest
number. The greater syntaxonomic diversity in Calabria depends not only on the
remarkable environmental heterogeneity of this region but also on the availability of a
greater number of territorial studies.

The critical revision carried out has also highlighted the partial syntaxonomic autono-
my of Southern Italy vegetation as shown by the occurrence of several syntaxa of rank
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superior to association, mainly alliances and suballiances, endemics of this territory.
Table 3 lists the alliances and suballiances exclusive to Southern Italy. It also gives the
alliances and suballiances occurring only in Southern Italy and Sicily, those that extend
their geographic distribution to central Italy, and those occurring in the whole Italian
Peninsula and Sicily.

Among the endemic alliances and sub-alliances of Southern Italy it worth to be men-
tioned those of forest interest, such as Campanulo trichocalycinae-Fagion, an endemic
alliance of Calabria, Campania and Basilicata that groups the microtherm beech woods of

Table 3. Distribution of endemic alliances and suballiances.

Region
Alliances and suballiances endemic of Southern Italy Campania|Basilicata| Apulia | Calabria
Campanulo trichocalycinae-Fagion Ubaldi ex Brullo, Scelsi & Spampinato 2001 * hi *
Ptilostemo stricti-Quercenion cerridis Bonin & Gamisans 1977 * * %
Festuco exaltatae-Ostryenion carpinifoliae Blasi, Filibek & Rosati 2006 * i *
Tilio-Ostryion carpinifoliae Brullo, Scelsi & Spampinato 2001 *
Hippocrepido claucae-Stipion austroitalicae Forte & Terzi 2005 i
Asperulion garganicae Bianco, Brullo, Pignatti E. & S. 1988 i
Centaureion pentadactylis Brullo, Scelsi & Spampinato 2001 *
Ranunculo-Nardion strictae Bonin 1972 * *
Armerion aspromontanae Brullo, Scelsi & Spampinato 2001 *
Koelerio brutiae-Astragalinon calabricae Giacomini & Gentile ex Brullo 2005 *
Cytiso-Bromion erecti Bonin 1969 * *
Festucion violaceae Avena & Bruno 1975 i *
Sclerantho-Myosotidion incrassatae Brullo, Scelsi & Spampinato 2001 *
Senecion samniti Bonin 1978 * i
Alliances and suballiances endemic of Southern Italy an Sicily
Pohlio-Asplenion septentrionalis Brullo & Siracusa in Brullo & al. 2000 *
Berberidion aetnensis Brullo, Giusso & Guarino 2001 i *
Euphorbion rigidae Brullo, Scelsi & Spampinato 1998 hi *
Linarion purpureae Brullo 1984 A i *
Dianthion rupicolae Brullo & Marcend 1979 * i *
Moricandio-Lygeion sparti Brullo, De Marco & Signorello 1990 i :
Avristido-Hyparrheneion hirtae Brullo, Scelsi & Spampinato 1997 *
Avenulo-Ampelodesmion mauritanici Minissale 1995 *
Violion messanensis Brullo & Furnari in Barbagallo & al. 1982 *
Pino-Quercion congestae Brullo, Scelsi, Siracusa & Spampinato 1999 *
Plantaginion cupanii Brullo & Grillo 1978 *
Dactylorhizo-Juncion striati Brullo & Grillo 1978 * *
Alliances and suballiances endemic of Southern and Central Italy
Seslerion apenninae Furnari in Bruno & Furnari 1966 * * *
Daphno oleoidis-Juniperion alpinae Stanisci 1997 ¥ *
Alliances and suballiances endemic of Southern-Central Italy and Sicily
Saxifragion australis Biondi & Ballelli ex Brullo 1984 i i *
Doronico-Fagion Ubaldi & al. ex Ubaldi 1995 * hi " *
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Fig. 5. Distribution of some endemic sintaxa of Southern Italy. A — Campanulo trichocalycinae-
Fagion; B — Pino-Quercion congestae; C — Teucrio-Quercion cerridis: 1) Ptilostemo-Quercenion
cerridis, 2) Teucrio siculi-Quercenion cerridis; D — Festuco exaltatae-Ostryenion carpinifoliae; E —
Doronico-Fagion; F - Alliances of casmophilous vegetation: 1 - Dianthion rupicolae, 2 - Asperulion
garganicae, 3 - Campanulion versicolor, 4 - Centaureion pentadactyli; G — Montane and oromediter-
ranean grassland and scrub: 1) Rumici-Astragaletea: 1.1 - Jurinetalia bocconei; 1.2 - Rumici-
Astragaletalia; 1.3 - Antemidetalia calabrice; 1.3.1 - Armerion aspromontanae; 1.3.2 - Koelerio-
Astragalion calabricae; 2) Festuco-Brometea; H — Pino-Juniperertea: 1 - Berberidion aetnensis, 2 -
Daphno oleoidis-Juniperion nanae.

the upper mountain belt (Fig. 5A), or the Pino-Quercion congestae alliance comprises the
Quercus congesta-dominated woods of Southern Calabria and northern Sicily (Fig. 5B).
Recently this alliance has also been quoted for Apulia and Sardinia too (Biondi & al.
2004). Also Tilio-Ostryon carpinifoliae, alliance which includes mixed forests of ravines
and abrupt rocky slopes, is endemic to Calabria (Brullo & al. 2001b).

Other endemic forest syntaxa are those including meso-xerophytic broad-leaved woods
recently examined by Blasi & al. (2004) from the syntaxonomic viewpoint. These authors
evidence some sub-alliances occurring only in Southern Italy or, sometimes, also in con-
tiguous regions like Ptilostemo stricti-Quercenion cerridis, a sub-alliance of Teucrio
siculi-Quercion cerridis exclusive to Southern Italy (Fig. 5C). Also in the mixed meso-
phytic deciduous woods of Carpinion orientalis, Blasi & al. (2006) distinguish the Ostrya
carpinifolia-dominated mixed woods of Southern Italy, including them in the particular
alliance of Festuco exaltatae-Ostryenion carpinifoliae (Fig. 5SD).

Some alliances are well represented in Southern Italy and extend their geographical dis-
tribution to central Italy and Sicily, such as Doronico-Fagion which includes macrotherm
beech woods characterized by the occurrence of evergreen species (Fig. SE).

Among the syntaxa exclusive to only one region, the alliances including the chas-
mophilous vegetation, such as the Centaureion pentadactyli, endemic to Southern Calabria
(Brullo & Spampinato 2003), or the Asperulion garganicae, endemic to the Gargano cliff
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(Bianco & al. 1988) have to be the mentioned. Other chasmophilous alliance have a wider
distribution, such as Dianthion rupicolae, found along the Tyrrhenian coastal cliffs from
Southern Lazio down to Calabria and Sicily, or Campanulion vericoloris, alliance occur-
ring in Apulia and Greece (Fig. 5F).

Other sintaxa exclusive to only one region are alliances including mountain and upper-
mountain pastures with hemicrypto-chamaephytic structure of the mountain stands of
Aspromonte and Sila massifs, respectively represented by Armerion aspromontanae and
Koelerio-Astragalion calabricae (Brullo & al. 2005). These syntaxa have been included in
the Anthemidetalia calabrice, an order endemic to Calabria, and in the Rumici-
Astragaletea class that replaces Festuco-Brometea on the heights of Southern and Central
Calabria and northern Sicily (Fig. 5G).

A somewhat similar distribution is shown by the alliances of Pino-Juniperetea in
the central Mediterranean (Fig. SH). This class groups the open orophilous woody
vegetation of Mediterranean mountains dominated by gymnosperms. It has an
extremely fragmented distribution and is represented in Italy by two alliances:
Berberidion aetnensis, which includes the vegetation of central and Southern Calabria,
Sicily, Sardinia and Corsica, and Daphno oleoidis-Juniperion nanae which instead
groups the vegetation occurring from the central to the Southern Apennine up to the
Pollino massif (Brullo & al. 2001b; Stanisci 1997).

As highlighted by various authors (Bonin 1978, Quezel & Medail 2003, etc.) although
the vegetation of Southern Italy shows connections with that European and western
Mediterranean, it has greater affinities with that of the Balkan Peninsula. This is testified
by the occurrence of several Balkanic alliances in Southern Italy, such as Platanion orien-
talis which groups riparian woods with Platanus orientalis (Corbetta & al. 2004) and Alno-
Quercion roboris including ash-alder floodplain woods (Brullo & Spampinato 1999) or
Carpinion orientalis and Campanulion versicoloris as mentioned previously.

Outline of Southern italian vegetation

The list of the phytocoenoses occurring in Southern Italy shows that the vegetation of
this territory is characterized by an elevated phytocoenotic diversity that is not easy to
summarise in few words. A brief overview of the phytocoenotic diversity in Southern Italy
in relation to the ecological and bioclimatic characteristics of this territory is given below.
Only the mature stages, mainly of forest type, were considered.

Vegetation of the Mediterranean zone

The thermo-Mediterranean belt, characterized by warm, arid and long-lasting dry sum-
mers, is localized in the coastal and low hilly areas and it is widespread on the Ionian side,
while it is absent, or only of limited extension, in the Tyrrhenian and Adriatic sides. This
territory is characterized by the Quercetalia calliprini order, locally represented by the
Oleo-Ceratonion and Juniperion turbinatae alliances. Oleo-Ceratonion is the alliance
richest in phytocoenoses, mainly including primary formations that in the past were com-
mon in coastal areas with sporadic inland penetration chiefly in the Ionian side.
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Anthropization of the coastal area has considerably reduced the extension of this vegeta-
tion, so that currently only small and very localized stands are to be found mostly within
cultivated areas. In fact, although maquis is a formation that is relatively well adapted to
fire, systematic fire disturbance have caused them to be replaced by garigues of Cisto-
Micromerietea or, more frequently, by dry grasslands of Lygeo-Stipetea that dominate the
landscape of the coastal territory of Southern Italy.

The meso-Mediterranean belt is occupied by sclerophillous broadleaved forest vegeta-
tion of Quercetalia ilicis, chiefly represented by evergreen holm oak woods referable to
several associations or xerophilous deciduous oak woods of Quercus virgiliana. Biondi &
al. (2003) recently highlighted the phytogeographic and syntaxonomic autonomy of the
Italian evergreen forest vegetation, ascribing it to Fraxino orni-Quercion ilicis, alliance
which replaces Quercion ilicis in central Mediterranean Europe. Dynamically connected to
the forest communities of Quercetalia ilicis is the secondary maquis of Quercetalia cal-
liprini, such as those belonging to the Ericion arboreae.

The supra-Mediterranean belt is poorly represented due to the direct transition from the
meso-Mediterranean belt to the meso- or supra-Temperate ones. The supra-Mediterranean
belt, when found, is usually characterized by mesophilous holm oak woods such as those
of Teucrio-Quercetum ilicis in central and Southern Calabria.

Vegetation of the temperate zone

As highlighted by Blasi & al. (1999) the Mediterranean-Temperate boundary is not
a clear limit but rather a mosaic of vegetation typologies belonging to these two bio-
climatic zones.

The mountain territory of Southern Italy, which has a Temperate oceanic bioclimate, is
mostly occupied by beech woods and deciduous oak forests of Querco-Fagetea. The
mixed oak woods, characterized by the occurrence of various deciduous oaks and several
other meso-thermophilous woody species of the Quercetalia pubescenti-petrea, are quite
well represented in the hilly and sub-mountain areas with a meso- or supra-Temperate bio-
climate, especially in those areas where the climate is less oceanic.

According to Blasi & al. (2004), the vegetation belonging to this order, is represented
in Southern Italy by 5 different alliances:

- Teucrio siculi-Quercion cerridis, represented by the sub-alliance Ptilostemo stricti-
Quercenion cerridis, including oak woods dominated by Quercus cerris or Q. frainet-
to.

- Tilio-Ostryion carpinifoliae, grouping gorge woods dominated by broadleaved
mesophilous species.

- Pino-Quercion congestae grouping Quercus congesta-dominated woods.

- Carpinion orientalis, represented by the Festuco exaltatae-Ostryenion carpinifolia,
sub-alliance including Ostrya carpinifolia-dominated woods, and Lauro nobilis-
Quercenion pubescentis.

- Corylo-Populion tremulae, grouping pioneer forest vegetation with Populus tremula.
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Beech forests, together with other mesophilous broadleaved forest communities, are includ-
ed in the Fagetalia sylvaticae order and they are well represented in all the mountains ranging
between 1,000 and 2,000 m of altitude. They are favoured by the temperate oceanic bioclimat-
ic conditions with a humid or hyper-humid ombrotypes and occupy a greater altitudinal range
on the Tyrrhenian side of the territory, where they benefit from the humid westerlies affecting
the Southern Apennine. In particular, in the Calabrian Apennine the proximity of the mountain
ranges to the sea emphasizes the oceanic character of the climate and allows a remarkable
downshifting of beech woods, which often come into direct contact with the holm-oak forests
and in some cases occupy heterotopic stands located at an altitude as low as 400-500 m. The
beech forests of Southern Italy are classified in two alliances: Doronico-Fagion and
Campanulo trichocalycinae-Fagion, which show phytogeographic affinities with analogous
syntaxa in the Balkan Peninsula for the presence of different nemoral species with eastern geo-
graphic distribution as Doronicum orientale and Campaluna trichocalycina.

In the Southern Apennine there is no alpine belt as the peaks are not enough high. Beech
forests potentially cover all the higher summits of Southern Italy with the exception of the
Pollino massif, where pastures of Seslerion appenninae and orophilous pine forests of
Pinus leucodermis of Daphno oleoidis-Juniperion alpinae occur.

In the territories characterized by carbonatic substrata, along the Apennine range up to
the Pollino mountains in northern Calabria, the degradation of the Querco-Fagetea forests
favours the colonization by thickets of Crataego-Prunetea and pastures of Festuco-
Brometea, while on crystalline substrata of central and Southern Calabria the secondary
vegetation is represented by thickets of Cytisetea striato-scopari and orophilous grasslands
of Anthemidetalia calabricae.

Conclusion

The vegetational and in particular phytosociological studies available for Southern Italy
make it possible to compile a relatively complete scheme of the phytocoenotic diversity of
this territory. The analysis carried out has highlighted a remarkable phytocoenotic hetero-
geneity that is mainly due to the different bioclimatic and geopedological conditions.

In such a circumscribed territory phytocoenoses typical of the Southern
Mediterranean, as the steppes of Aristido-Hyparrhenenion hirtae, and phytocoenoses
of central European or Balkan type, as pastures of Cynosurion cristatae or forests of
Carpinion orientalis, are present.

To assess the phytocoenotic diversity, anthropic action must also be considered.

Man has been present for millennia in these territories and his action has often deeply
modified the vegetation. In most of the territory, particularly in coastal and low hilly areas,
the man-induced transformations have partly destroyed the natural vegetation, favouring at
the same time the settlement of semi-natural or synanthropic phytocoenoses that have pro-
gressively led to an increase in the phytocoenotic diversity. This is evident, for instance,
from the wealth of phytocoenoses that have classes including semi-natural vegetation as
Lygeo-Stipetea, or anthropogenic vegetation such as Stellarietea mediae.

A strong correlation has emerged between the bioclomatic and phytocoenotic charac-
teristics of this territory, especially when phytocoenoses correspond to syntaxonomic
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Fig. 6. Homogeneous areas individuated accord-
ing to syntaxa unit distribution.

units phytosociologically well-defined. Nevertheless, the available data are still not suf-
ficient to carry out a detailed distribution of each association since only generic indica-
tions are often available. In addition, several areas of Southern Italy are still lacking of
in-depth territorial studies.

From the phytogeographic point of view, the phytocoenotic diversity shows that
Southern Italy cannot be considered as an autonomous phytogeographic unit, since none
classes or orders of vegetation is exclusively found in this territory.

The phytocoenotic difference between Southern Italy and the rest of Italy is however
emphasized by the presence of several alliances and sub-alliances endemic to this territory.
In particular, three homogeneous areas (Fig.6) can be easily recognized when analyzing the
distribution of the syntaxa occurring in the territory at issue: 1) the carbonatic or flyschoid
Southern Apennines ranging from Sannio mountains (Campania) to Pollino massif
(Calabria), 2) the Southern and Central Calabria from Sila to Aspromonte, predominantly
characterized by crystalline substrata, and 3) the Apulian territory which is purely calcare-
ous. Syntaxa present only in the first area are: Festuco exaltatae-Ostryenion carpinifoliae,
Seslerion apenninae, Daphno oleoidis-Juniperion alpinae, Phleo ambigui-Bromion erecti,
Senecion samniti, Cytiso-Bromion erecti, Alisso alyssoides-Sedion albae. Syntaxa exclusive
of the second area are: Centaureion pentadactylis, Anthemidetalia calabricae, Cytisetalia
striato-scoparii, Tilio-Ostryion carpinifoliae, Phagnalo-Cheilanthion maderensis,
Onobrychido-Ptilostemion stellati. Between the syntaxa present only in the third area they
can be cited: Hippocrepido claucae-Stipion austroitalicae, Asperulion garganicae,
Campanulion versicoloris. The noteworthy phytogeographic importance of these territories
should deserve further studies focused also on the floristic and paleobotanic aspects.
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Wild plants are still widely used for many purposes in the Algerian Sahara. Over the last decade,
their exploitation has even increased due to the economic crisis. The small oasis of Béni-Abbés,
located in the north-western part of the Algerian Sahara, supports a relatively rich flora (250
species) despite an annual rainfall of less than 80 mm. This is due to the presence in the imme-
diate vicinity of several major habitats: hills or mountains (djebels), dry riverbeds (wadis) and
dunes (erg). Large quantities of plants, whether for medicinal, fodder or fuel purposes are sold
in the market of Béni-Abbes. These are gathered from the surrounding areas and modern means
of transport has made it much easier to collect large quantities. An account of the use and their
ecology will be given for the commonest plants: Ammodaucus leucotrichus, Cotula cinerea,
Matricaria pubescens and Zygophyllum gaetulum. In rainy years, impressive quantities of these
annuals are available leading to a significant fall in price, balanced by shortages in drought
years. Annuals appear to be able to tolerate this collecting but there is evidence of pressure on
the populations of least some woody shrubs. The most striking example is the depletion of the
endemic Fredolia aretioides.

Introduction

The use of plants for therapeutic and practical purposes in North Africa dates back to
immemorial times (Boulos 1983). Considering the great diversity of medicinal plants in
Algeria and their multitude of uses by local communities, there is an urgent need to gath-
er and synthesize as much information as possible on these plants and their applications
before social, economic and cultural changes lead to the loss of much of this accumulated
wealth of knowledge.

Most frequently, surveys on the local use of plants are undertaken throughout the coun-
try by students writing up their theses. These works are rarely published and this explains
the low production of theses (Doreau 1961; Belguedj 1966; Merad-Chiali 1973; Brette
1986) and books on the traditional use of plants (Beloued 1998; Baba Aissa 1999). Over
the last two decades, ethnobotanical investigators have shown increased interest in the
Algerian Sahara and several valuable contributions have been published (Maiza & al.
1993; Benchelah 2000; Gast 2000; Hammiche & Maiza 2006).

The use of medicinal plants in the Algerian Sahara used to be an important activity in
the everyday life of nomads where, much of the flora was valued for either medicinal, food
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or other practical uses. Going back fifty years, nomads had an intimate knowledge of the
natural resources, and almost everyone knew the names of the plants and their uses. Today,
the knowledge of medicinal plants is confined to the older generation. The strong tradition
in the use of medicinal plants is characterized nowadays by a high demand across the pop-
ulation regardless of age or gender. As a result, there is a more or less noticeable impact
on several key species in the Algerian Sahara.

Geographical, habitat and climatic context

The present survey was carried out in the Béni-Abbés area, an important oasis of the
Algerian Sahara, situated 1200 km south-west of Algiers, at an altitude of 450 m. The
Béni-Abbés region is located at the junction of several major desert landforms (Fig. 1):
these are the dunes of the Great Western Erg, the saline Saoura wadi which runs parallel
with the edge of the Great Western Erg, the Ougarta Mountains which afford bare rocky
slopes with dry non-saline wadis and the dayas (small clay-sandy depressions) scattered
within the Guir Hamada.

Algiers
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=
Guir hamada f
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Fig. 1. The Béni-Abbes oasis in the Algerian Sahara and main grazing sites in the Béni-Abbes area.
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The Béni-Abbés area has a desert climate with mean annual rainfall of 30 mm (range 3-
110 mm, with great variation in year to year totals). The great majority of the rainfall
occurs in the winter. The mean annual temperature is 23°C, with high diurnal and month-
ly temperature variation (Dubief 1959).

Flora and vegetation of the Béni-Abbés region

The flora of the Béni-Abbes region is relatively rich with 250 species (Guinet 1954).
There are several notable north-western Saharan endemic species which characterize the
flora of the region such as Withania adpressa, Fredolia aretioides and Limoniastrum feei.
Nomenclature follows Ozenda (2004) and Boulos (1999-2005). Vegetation is considered
typical of the north-west Sahara (Quézel 1965) and has been described by Guinet (1954,
1958) and Benhouhou (2001, 2003).

Vegetation is confined to those parts of the major landform systems - wadis (dry river
beds), dayas, djebels (rocky slopes) and erg (vast sand dune systems). Much of the area
supports vegetation in the contracted pattern of growth typical of desert vegetation (“mode
contracté” - Monod 1954). Hamadas and regs (stony plateaux) are known for being the dri-
est habitats. The permanent framework of the vegetation communities consists of shrubs
and perennial grasses. Ephemerals appear during spring if there has been sufficient rain.
Two trees are present, Acacia raddiana and Tamarix aphylla ; they develop on floors of
the larger non-saline and saline wadis respectively.

Grazing areas

In the Béni-Abbés area the most intensive grazing and plant collection occurs in the
wadis of the Ougarta region. This is a complex network of djebels and surrounding valleys
— the latter consisting of large wadis and smaller related channels. Located just 50 km
south-west of Béni-Abbeés, the Ougarta Mountains cover approximately 6000 km?, rising
to 600 m and are easily reached by four-wheel drive vehicles. The wadi vegetation is rep-
resented by the typical Acacia raddiana-Panicum turgidum community (Quézel 1965).
This vegetation type, where Acacia trees and Panicum turgidum play a physiognomically
dominant role, has long been described from the Sahara but also from the Sahel and the
Asian part of the Saharo-Arabian region (Léonard 2001).

The other habitats: dayas, djebels, erg, saline wadis and hamadas (rocky plateaux) have
a much lower potential for grazing and plant collection, but nevertheless harbour several
species of high conservation value and/ or interesting traditional uses.

Dayas, medium sized (50-500 m diameter) sand-clay depressions scattered on the Guir
Hamada of the Béni-Abbes area, are floristically related to the wadi system. They provide,
particularly during wet years, additional fodder or medicinal plants for nomads who are
“en route” to the Ougarta valley.

The djebels of the Ougarta Mountains have an impoverished flora and are characterized
by a typical desert community featuring chamaephytes such as Withania adpressa,
Gymnocarpos decander, Cymbopogon schoenanthus and Rhus tripartita. Only a few
species — e.g., Limoniastrum feei and Cymbopogon schoenanthus - are used as medicinal
plants.
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The dunes of the Great Western Erg are mainly valuable for their pastures typified by
the famous drin grass (Stipagrostis pungens).

The Saoura wadi, represented by a Tamarix gallica community, with Tamarix aphylla
found on the terraces of this saline wadi, has the sparsest flora of all these habitats. Only a
few medicinal plants are known from this habitat but it does provide valuable pasture for
camels and goats.

The Guir Hamada, well known for being the most inhospitable habitat, nevertheless har-
bours a unique plant community characterised by the endemic Fredolia aretioides. This is a
much appreciated medicinal plant, which has been in severe decline over the last fifty years.

Plant gathering and selling in the Béni-Abbes area

Nomads and “sedentary” nomads are the main provider for medicinal plants. Although
plant collecting is still done in a traditional way, means of transport have completely
changed with the use of four-wheel drives. Once collected, plants are sold in the market in
Béni-Abbés. Perennials are found throughout the year while annuals are only found in
rainy years. The quantity is dependent on the rainfall amounts and the main period for
annuals is spring or occasionally autumn. Nomads will bring back as much plant material
as they can fit in the back of their four-wheel drive. They regard the “available” vegetation
as a gift of God and hence take as much as they can. On the other hand, during drought
years, they will regard the scarcity of the vegetation as also being the will of God and fatal-
istically accept it. They may leave some vegetation on the ground when collecting, but the
amount they gather is still normally above sustainable offtake levels. The most popular
plants bought on the local market in Béni-Abbe¢s are presented in table 1.

Prices soar whenever there is a drought and the plant becomes scarce in the field. The
market for plants varies slightly from one oasis to another according to availability. For
instance, in El Goléa, a small oasis 900 km south from Algiers, where several highly
sought-after plants are locally scarce, medicinal plants are more expensive. Ammodaucus
leucotrichus and Matricaria pubescens are sold respectively for 60 DA /100 g in Béni-
Abbés and 70 DA /100 g in El Goléa and 40 DA /100 g in Béni-Abbés and 50 DA/100 g
in El Goléa.

Description of the plants

Accounts of certain selected plants are given below focussing on the growth form, the
geographical distribution, the habitats in which they are found and the extent to which they
are subject to pressure from gathering. The relationship between the habitat of a particular
plant, its growth form and its use enables us to assess whether it is likely to be vulnerable
to gathering or to be one of those species which can withstand both intensive gathering as
well as harsh environmental conditions.

Acacia raddiana (Fabaceae)

Acacia raddiana has a trans-Saharan distribution and is well-known as the dominant
tree in the classic savannah vegetation type on non-saline wadis. The height of this tree
varies between 2 and 10 m and it favours sandy-gravelly substrates. A. raddiana-dominat-
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Table 1. Commonest medicinal and fodder plants sold in the market in Béni-Abbes.

Plant name Arabic name Price Use
Acacia raddiana Talha Wood 800 to 1000 Rheumatism, firewood
DA* /15 to 20 kg.
Anvillea radiata Nougd 10 DA for20 g Diabetes, indigestion
Ammodaucus Messoufa 600 DA/Kg Stomach ache, colon
leucotrichus Moudriga
Cotula cinerea Gartoufa 20DA for20 g Stomach ache, diarrhoea
Strengthens nursing women
Fredolia aretioides Degaa S0DAfor 10 g Rheumatism
Hammada scoparia Remt 20 DA for20 g Antivenom.
Launaea arborescens Oum el bina 20DA for20 g Against vomiting
Limoniastrum feei Milafetelkhadem 10 DA for20 g Rheumatism, cold
Marrubium deserti Jaada 150 DA for20 g Diarrhoea
Matricaria pubescens Ouezouaza 400 DA /kg Rheumatism, mixed with food -
strengthens convalescents
Panicum turgidum Morokba 20 DA for20 g Fodder
Stipagrostis pungens Drin 200 DA a bundle Fodder
of 10 to 15 kg
Tamarix aphylla Tlaya 300 to 400 DA a Construction
piece of 5 m
Zygophyllum gaetulum Aagaya 20 DA for20 g Diabetes, stomach ache,

diarrhoea

* 100 DA is approximately 1 euro.

ed vegetation is particularly well developed in the drainage networks which dissect and
surround the Ougarta Mountains, whereas it is completely absent from dayas. Acacia rad-
diana is under considerable pressure in the Béni-Abbés area where it is not only collected
for fuel, but also intensively grazed by goats. Furthermore, the gum produced by this tree
is collected and sold at the local market (Table 1).

To stop the resulting worrying depletion of local Acacia stocks, the national forest con-
servation agency (Institut National de Recherche Foresti¢re) has taken the following steps:
fencing off the most important Acacia-rich area in the Ougarta covering several hectares
while also paying nomads who live in the vicinity to guard the area.

Ammodaucus leucotrichus (Apiaceae)

This small annual, not exceeding 20 cm in height, of Saharo-Arabian distribution, is fre-
quent on gravelly-sandy floors of the drainage network of the Ougarta as well as the dayas
of the Guir Hamada. It is a very much appreciated medicinal herb, being very popular as
a treatment for easing stomach problems (Table 1).
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Anvillea radiata (Asteraceae)

This extensively-branched shrub can reach 60 cm high and is endemic to the
Sahara. It shows a large ecological amplitude as it is found on sandy-gravelly wadi
floors, their nearby terraces and the surrounding stony plateaux. The plant seems par-
ticularly well adapted to extreme spells of drought, since it will still flower abundant-
ly during such periods. Not as appreciated as Ammodaucus leucotrichus, it is still
much in demand for other purposes (Table 1).

Cotula cinerea (Asteraceae)

This small woolly annual, with a Saharo-Arabian distribution, can reach 25 c¢cm in
height. When there is sufficient rain, there will be an impressively extensive germination
and this species will be very prominent on gravelly-sandy floors of the non-saline wadis
of the Ougarta and dayas. The Gartoufa is a very popular plant used mixed with food and
tea as well as for various medicinal purposes (Table 1). It is also reported to be taken for
sunstroke, colic, coughs and colds (bronchitis) (Maiza & al. 1993).

Fredolia aretioides (Chenopodiaceae)

This strange cauliflower-like shrub can grow up to 1 m high, though average height is
50 cm. It is endemic to the south-west Sahara, being confined to the south-east of Morocco
and the south-west Algerian Sahara (Béni Ounif, Igli and Béni-Abbe¢s areas). It is one of
the very few plants particularly well adapted to the extreme conditions of the hamada and
thrives on stony-rocky ground. Fredolia aretioides forms diffuse populations on the Guir
Hamada in the vicinity of Béni-Abbés. The plant is particularly appreciated by nomads
who gather it for fuel as well as for medicinal purposes (Table 1). It provides the worst case
of depletion through gathering in the region since its population has dramatically
decreased over the last fifty years (Kheddache 1999).

Haloxylon scoparium (Chenopodiaceae)

This medium sized shrub, not exceeding 70 cm, of Mediterranean distribution has a
high ecological amplitude and shows a perfect adaptation to desertic climate. In the Béni-
Abbes area the plant is found on stony plateaux as well as on gravelly-sandy to slightly
saline wadis. Used mainly as an antivenom, the Remt shows no sign of over-exploitation
and even thrives during drought periods.

Launaea arborescens (Asteraceae)

Launaea arborescens has a limited distribution in the north-western part of the Algerian
Sahara and has its southerly limit in the Béni-Abbeés region. It is a common shrub that can
easily reach 2 m high with an ecological preference for the sandy-gravelly wadi floors typ-
ical of the Ougarta. It is frequent on the dayas of the Guir Hamada wherever there is a sub-
stantial amount of sand accumulation. Launaea arborescens is also frequently observed
along the side-roads of the Béni-Abbe¢s oasis. Despite its apparent medicinal virtues (Table
1), Launaea arborescens is not encountered frequently at markets in the area. This shrub
is not regarded as threatened by gathering due to its high frequency in wadis and its inva-
sive capacities in oases.
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Limoniastrum feei (Plumbaginaceae)

This saxicolous plant is found either on rocky djebel slopes or, less frequently, on the
floor of rockier non-saline wadis. It is a shrub of 50 cm average height, which, is frequent
on the rocky slopes of the Ougarta Mountains. Limoniastrum feei is an endemic of rocky
habitats in the northern Moroccan and Algerian Sahara. A much appreciated medicinal
plant, Limoniastrum feei nonetheless seems to escape massive collection due to the diffi-
culties in accessing its stations on the slopes of the Ougarta Mountains (Table 1).

Marrubium deserti (Lamiaceae)

This woody shrub, reaching on average 30 to 50 cm in height, is endemic to the north-
ern and central Algerian Sahara. This plant is confined ecologically to gravelly-sandy wadi
beds. Its low frequency in the wadis of the Ougarta combined to a high demand for this
plant makes Marrubium deserti one of the most expensive medicinal plants at the local
market (Table 1).

Matricaria pubescens (Asteraceae)

Matricaria pubescens is an endemic species found in the northern and central Algerian
Sahara. The plant, a small annual not exceeding 20 cm, is very frequent on gravelly-sandy
wadi floors of the Ougarta Mountains as well as on dayas where there is a significant cover
of sand. Local demand for Matricaria pubescens is high since it is very much appreciated as
an ingredient in preparing the famous local soup called “Hrira” as well as for various medic-
inal uses such as for rheumatism, coughs and eye infections (Maiza & al. 1993), (Table 1).

Panicum turgidum (Poaceae)

Common in the central Sahara, this plant of Saharo-Arabian and Soudano-Deccanean
distribution reaches its northern limit in the Saoura valley and the M’Zab region. Panicum
turgidum is the most characteristic grass of the savannah vegetation found with Acacia
raddiana. Of wide ecological amplitude, this grass is found on gravelly, gravelly-sandy to
sandy substrates of the non saline wadi floors of the Ougarta. It is a much appreciated fod-
der plant and when plentiful prices are generally low (Table 1).

Stipagrostis pungens (Poaceae)

This grass which has an average height of 1 m is a common psammophile in sandy habi-
tats of the Algerian Sahara and stretches throughout the Sahara. It has a relatively high fre-
quency in the dunes of the Great Western Erg and can also be found on sandy accumula-
tions on non-saline wadis of the Ougarta.

A much appreciated source of fodder, Stipagrostis pungens is currently threatened
by excessive exploitation and its price on the market is considered by locals to be high
(Table 1). The plant community described by Guinet in 1958, where Stipagrostis pun-
gens played a dominant role physiognomically on the fringes of the Great Western Erg,
is no longer to be found where he reported it; now a walk of several kilometres into
the erg is necessary to observe the community again. This has been corroborated by
comments and complaints from nomads who now need to go deep into the erg to gath-
er this valuable fodder.
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Tamarix aphylla (Tamaricaceae)

This tree of Saharo-Arabian distribution favours sandy-saline ground and is mainly
observed on the terraces of the Saoura wadi. The tree reaches 15 to 20 m but does not form
the impressive “pseudo-forests” described for the central Sahara. This species has become
infrequent and the impact of past exploitation on the Tumarix trees is noticeable in the
field. There is a huge demand for material like this, which can be used for construction,
though prices vary according to the quality of the wood (Table 1).

Zygophyllum gaetulum (Zygophyllaceae)

This medium sized shrub, of 60 cm average height, and of Saharo-Mediterranean dis-
tribution, colonises terraces of the saline Saoura wadi and areas of soft ground scattered
with small stones (called regs) which are also relatively saline. The plant is generally very
frequent in suitable areas and forms, together with Suaeda mollis, a typical plant commu-
nity of saline habitats throughout the north-western Algerian Sahara.

There is a high demand for this very much valued medicinal plant which is considered
by locals to be the best way to combat diabetes. There is no field evidence that this plant
is threatened or even significantly affected by gathering. Proposals to locally cultivate this
plant should be considered in the light of the sustained demand for Zygophyllum gaetulum
over the last fifty years.

Discussion

The plants considered in this study are among the most frequently used by residents of
the Béni-Abbés region to cure a range of, usually benign, ailments. Other plants known for
their medicinal virtues such as Cleome amblyocarpa (Lemkhinza), Gymnocarpos decan-
der (Djitna), Pergularia tomentosa (Roulgua), Ruta tuberculata (Mzabiya) and Thymelaea
hirsuta (Methnane) are no longer found at the Béni-Abbes market. They are, however, still
collected, for personal use, by a few of those nomads who have a good knowledge of
medicinal plants. This highlights the extent to which much of this ethnobotanical knowl-
edge is being steadily lost.

The pressure on medicinal or fodder plants sold at the market in Béni-Abbeés varies
greatly from none or low to medium or high levels of threat (Table 2). The level of threat
is related in various ways to habitat, life form and the capacity to withstand long spells of
drought. This in turn is linked to the “medicinal” value and /or fodder quality of each
species. Thus, unpalatable plants or poisonous ones, such as the famous Hyoscyamus muti-
cus, are common on terraces of the saline Saoura wadi and the surrounding regs.

One major factor assisting the depletion of the flora and vegetation is the availability of
modern means of transport. Nowadays, almost every nomad travels to the desert in a four-
wheel drive, usually collects large quantities and can cover considerable distances between
sites very quickly. This means that vegetation often is not allowed sufficient time to recov-
er. Intense grazing is probably an equally important negative factor since stock may be
taken by lorries from one spot to another, again without letting enough time for the vege-
tation to recover in between such visits. So far, spells of drought cannot be considered as
a negative factor in terms of their impact on plant availability, since long periods of
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Table 2. Levels of threat of the main medicinal/fodder plants sold in the Béni-Abbées market.

Plant name Habitat Life form Threat
Acacia raddiana Wadi Phanerophyte (tree) High
Anvillea radiata Wadi, daya, regs Chamaephyte Low

Ammodaucus leucotrichus Wadi, daya Therophyte Low
Cotula cinerea Wadi, daya Therophyte Low
Fredolia aretioides Hamada Chamaephyte High
Haloxylon scoparium Wadi, daya, hamada Chamaephyte Low
Launaea arborescens Wadi, daya, regs Chamaephyte Low
Limoniastrum feei Djebel Chamaephyte Low
Marrubium deserti Wadi, daya Chamaephyte Medium
Matricaria pubescens Wadi, daya, Therophyte Low
Panicum turgidum Wadi, daya, Chamaephyte : perennial grass Medium
Stipagrostis pungens Erg, wadi Chamaephyte : perennial grass High
Tamarix aphylla Saline wadi Phanerophyte (tree) Medium
Zygophyllum gaetulum Saline wadi terraces Chamaephyte Medium

drought have been recorded as being followed by incredible flowering, such as the spring
of 1994 and the spring 2007.

Despite the lack of quantitative data and the difficulty in quantifying the amount of
plants taken from the field, work undertaken on the vegetation of the area (Benhouhou
2001, 2003) revealed two major findings. Gathering by nomads seems to have no negative
impact on the availability of annuals, these being extremely dependent on the amount of
rain during the favoured period(s) of the year. Drought years have been followed by a mas-
sive germination of annuals when climatic conditions were favourable. On the other hand,
perennials seem more sensitive to intense cutting. This is particularly noticeable with
Acacia raddiana in the Ougarta valley, Stipagrostis pungens in the Great Western Erg, and
Fredolia aretioides on the Guir Hamada.

Conclusion

The precise impact of plant gathering on the vegetation types encountered in the region
of Béni-Abbeés is difficult to assess. An extensive network of permanent quadrats should
be installed by the forest conservation agency in order to obtain quantitative data on the
vegetation cover as well as the quality of the flora, in terms of diversity and the frequency
of scarcer species.

At the same time, tough measures need to be taken against large-scale plant collection
and intensive grazing in order to preserve the valuable natural resources provided by these
three major plants (Acacia raddiana, Fredolia aretioides and Stipagrostis pungens).
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Plant nurseries should be considered as potentially key measures not only to help pre-
serve the natural plant communities but also to provide work in desert oases, notorious for
their high unemployment rates. This should also serve in helping to ensure that traditional
knowledge on wild plants is not lost to future generations and could help to become the
basis for detailed scientific investigations to promote the sustainable use of natural plant
resources in the Béni-Abbés area.
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Abstract

Caneva, G.: The Augustus botanical code: the message of the Ara Pacis. — Bocconea 23: 63-
77.2009. — ISSN 1120-4060.

The botanical composition of the external fence of Ara Pacis (I century BC), that was built to cel-
ebrate the Augustus’s return from expedition in Gaul and Spain, with a wish for a new peaceful
age, is here analysed. The big decoration of the panel, of Hellenistic- Alexandrine derivation,
shows a careful knowledge of plant’s world and a deep observation of Nature. About seventy dif-
ferent species have been identified, overall bulbous ones, among which, some assume a recurring
role (e.g. Acanthus mollis, Arum cft. italicum, Lilium candidum, Nymphaea sp., Phoenix dactylif-
era, and Cardueae), while others are peculiar of the context in which they have been included.
The analysis of the used species, of their reciprocal disposition and of the way they are highlight-
ed, seems to confirm their symbolic aim. This looks to be directed to a Nature’s representation in
its phases of rebirth and of unending renovation, typical of the time when the effect of burns or
drought ends. Rebirth, that is possible thanks to peace and unity in multiplicity, has to be intend-
ed as the requirement for a new prosperity, a prelude of Augustus’s aurea aetas. The composition
underlines the role of symmetry and of numerical composition that leads the idea of beauty and
harmony. A generative element (4canthus), giving rise to all the botanical complexity, shows a
model of growth inspired to a combination of elements, such as snake-like and colonial plants,
having the structure of “ramets”. The perspective of the Roman Empire foundation and the idea
of a propagation of its model of order arise from this colonial structure. The synchronous fusion
of different element could ideally underline the Unity that exists in Nature.

Introduction

The Ara Pacis is one of the most important Roman monuments, projected to celebrate the
Augustus’s return from expedition in Gaul and Spain (happened the 13 BC, four years before
the inauguration), with a wish for a new peaceful age. It is historically located at the end of
a difficult period of internal struggle, started with the Julius Caesar killing in 44 BC, at the
beginning of a new era of Roman power coincident with the Empire foundation. The monu-
ment was placed near the North entrance of Rome, close to via Flaminia, in a flat area of
Campus Martius, in close relationship with other Augustan monuments. They were its future
Mausoleum, and especially the solar orologium, whose gnomon, formed by an Egyptian
obelisk, projected the shadow at the altar’s entrance in Augustus date of birth (Fig. 1).

The iconographic project of the monument had to underline the new values of the
Augustus power and a senatorial commission approved the choice of subjects represented
on the monument (Zanker 1989).
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Fig. 1. On the top: the Ara pacis (on the right) and its original relationship with the shadow of the
obelisk used as a solar horologium; in the middle: its further relationship with the Augustus
Mausoleum (on the left); Bottom: the organization of the external walls (S side, with the phytomor-
phic panel and on the top the imperial procession). (courtesy from Rossini 2006).
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The monument was progressively buried during the centuries and the marble panels
constituting the walls were broken and partially disaggregated into collections of pieces of
Roman archaeology for different museums. Only at the beginning of the last century it was
possible to excavate and reassemble the monument close to the Augustus Mausoleum, near
the Tiber River. The long burial and the strong cleaning with acids do no permit anymore
to have an idea of the original colour used for painting the marbles, as usually done in the
Roman period (Brinkmann 2004).

Looking with a certain attention at the big decoration of the external fence, of
Hellenistic and Alexandrine derivation, we can observe a well precise iconographical
structure. All four sides of the Ara pacis walls have, in fact, a homologous spatial organi-
zation: each side is divided into a lower part, made up of phytomorphic panels and an
upper part, which is dedicated to the mythological narration of the birth of Rome and the
power it has attained; the caesura between the portions is defined by a geometric section,
made up of a maze like composition (a series of consecutive swastikas) that goes around
the whole monument. The entrance and the exit of the altar subdivide the E and W side in
two parts, giving rise to a total of six panels.

Each base panel, constituting more than half of the total external walls, represents a vig-
orous acanthus plant from which originates a leafy stem, like a great candelabrum at the
centre of each one. From the median axes, we notice the spreading of vegetal volutes and
shoots, which develop in a continuous circular fashion occupying the entire space (Fig. 1).

Many researchers agree on the fact that the external walls of the 4ra Pacis hold a uni-
fied ‘message’ and this hypothesis has been upheld by scholarly investigations of geomet-
rical details, spatial relationships, and the analysis of few botanical elements (L’Orange
1962; Pollini 1993; Castriota 1995; Vandi 1999; Sauron 2000).

There are however references to the vegetal world only when the elements in the picto-
rial representation are entirely recognizable and commonly familiar (e.g. acanthus, palm
trees, vine, laurel and ivy shoots), but a detailed botanical analysis does not exist.

The aim of this paper is therefore at first to contribute in a more precise identification
of the plants sculptured, in order to recognise the typology and origin of the botanical ele-
ments. More importantly, I wish to analyse this particular representation of nature in order
to understand if and how it forms a sort of “language” carrying the imperial message.

Material and Methods

The systematic analysis and interpretation of the floral representations, limited to the
original fragments, is particularly complex in view of the fact that only very few elements
are quite very easily recognizable, whereas the entire representation appears at first to be
a fantastic depiction, freely inspired by nature. Observing indeed the single elements, a
careful observation of the nature emerges, such as the incredible attention to details, and a
rigorous respect for natural proportions. The close analysis of the ‘mosaic pieces’, hints at
the necessity to ‘decompose’ the representation into different elemental parts, each one
individual, in order to engage in the correct interpretation of the visual language.

The botanical identification was carried out trough a photographic comparison of the
observable morphologies of sculptured portions and plants in Nature coming from region-
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al area compatible with historical data. The photographic analysis was carried out during
the last restoration activities made in occasion of the new Museum, and the hundreds of
details of particular inflorescences or portions of a specific plant (stems, or parts of the pis-
til), fruits or bulbs were elaborated via computer for investigating the existence of any true
models (Fig. 2).

Although sometimes the ambiguity of the sculpted forms impedes their precise identi-
fication, more often, the morphological peculiarities of small portions of the representation
were enough to allow systematic identifications, at least at genus level or family. In the
very ambiguous cases, it has been limited to a more general inspirational model with a par-
ticular botanical genesis (ex: “carduoide model”).

Fig. 2. Examples of comparison between sculptures and natural models, with from the top to the bot-

tom: Cyclamen sp., Phyllitis scolopendrium and Arum cft. italicum.
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Viewing the frieze as a whole, the logic of the representation was also analysed.
Nonetheless, when tackling the issue of ‘message’ in the work it becomes necessary first
to address the question of what ‘language’ develops it. This artistic ‘language’ was studied
in three steps: first, the plant identification (the alphabet), second, understanding the for-
mal rules of the composition, and lastly, linking the modes of association of real elements
with abstract concepts.

Results

1. The alphabet= the sculptured plants

Around seventy different ‘vegetal types’ have been recognized. Keeping in mind that a
substantial part of the frieze itself has been destroyed over time, it is possible to imagine
that the original number would have been larger.

A list of this unusual flora is here presented, evidencing in sequence: the chorological and
growth forms used in the analysis, in parenthesis the iconographic elements sustaining the
procedures, and finally the habitat from which these plants can derive. The following
abbreviation were adopted: P - Phanerophytes: P scap - Scapose phanerophytes; NP -
Nanophanerophytes; P caesp - Caespitose phanerophytes Ch — chamaephytes: Ch frut —
Frutescent chamaephytes; Ch suff — Suffrutescent chamaephytes H — Hemicryptophytes:
H caesp — Caespitose hemicryptophytes; H rept — reptant hemicryptophytes; H scap —
Scapose hemicryptophytes; H ros — Rosette hemicryptophytes G — Geophytes; G rad —
Root-budding geophytes; G bulb — Bulbous geophytes; G rhiz — Rhizome-geophytes; I —
Hydrophytes; T — Therophytes: T caesp — caespitose therophytes; T rept — Reptant thero-
phytes; T scap — Scapose therophytes

n.d. = not defined. The nomenclature, the chorological and the structural data (possible
only in case of a precise identification) follow the “Flora d’Italia“ (Pignatti 1982). The suf-
fix cftr. is added the proposed name in case of an approximate identification.

PTERIDOPHYTA

ASPLENIACEAE

Asplenium ruta-muraria L. Wall rue; Circumbor.; H ros; (leaves); Rocks, walls, humid habitats.
Phylitis scolopendrium (L.) Newman Scolopendra, hart’s tongue; Circumbor.-temp; H ros; (leaves);
humid forests, caves.

Pteridium aquilinum (L.) Kuhn Brake; Cosmpolit.; G rhiz; (entire plant); pastures.

GYMNOSPERMAE
CUPRESSACEAE
Cupressus cfr. sempervirens L. Cypress; E-Medit.(Euri-); P scap; (leaves); cultivated.

ANGIOSPERMAE -DICOTYLEDONES
CARYOPHYLLACEAE
Silene conica L. Catchfly; Paleotemp.; T scap; flower (calyx); arid fields, sandy beaches.
Dianthus sp. L. Carnation; n.d.; n.d.; (flowers); mainly rocky habitats.
Caryophyllaceae s.]. Pink family; n.d.; (leaves); undetermined.
NYMPHAEACEAE
Nymphaea sp. L. Loto, water lily; Eurasiat.; I rad; (flowers); stagnant water, ponds.
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Nuphar luteum (L.) S. & S. cfr. Yellow water lily; Eurasiat.; I rad; (flowers); stagnant or slowly flow-
ing water (oligotrophic).

RANUNCULACEAE

Anemone L. sp. Windflower; n.d,; n.d. (flower); mainly forest and natural pastures.

Agquilegia L. sp. cfr. Columbine, n.d; n.d. (flower); n.d.

LAURACEAE

Laurus nobilis L. Laurel; Steno-Medit.; P caesp; (fruits, leaves); thermophilous forests, often cultivated.
PAPAVERACEAE

Papaver cfr. rhoeas L. Corn poppy; E-Medit.; T scap; (flower); grain fields, ruderal habitats, pastures.
CRASSULACEAE

Sedum L. sp. Stonecrop, n.d.; n.d.; (flower), arid places, walls, gravels, rocks.

ROSACEAE

Rosa cfr. canina L. Rose (Dog rose); n.d.; NP; (flower); mainly bushes.

Achemilla cfr. vulgaris L. Lady’s mantle; Eurasiat.; H ros; (flower); alpine and subalpine pastures.
VITACEAE

Vitis vinifera L. Grape; Pontic?; P lian; (stem, leaves and fruits); cultivated and sub-spontaneous.
MALVACEAE

Malva sp. L. Common Mallow; n. d.; T scap; (flower); ruderal habitats.

Lavatera sp. L. Lavatera, n.d.; H scap; (flower); ruderal habitats.

Alcea sp. L. Hollyhock; n.d.; H scap; (flower); ruderal habitats.

Hibiscus sp. L. cfr. Rosemallow; n.d.; n.d.; (flower); n.d.

CISTACEAE

Helianthemum cfr. nummularium Miller Sun rock rose; Europ.-Caucas; Ch sufft.; (flower); rocky
habitats, garigues.

CUCURBITACEAE

Ecballium cfr. elaterium (L.) A. Rich. Squirting cucumber; Euri-Medit; G bulb; (flower), ruderal
habitats and sandy places.

Bryonia sp. L. Bryony; n.d.; G rhiz; (tendrils); ruderal habitats.

Cucurbitaceae s.l. n.d.; n.d.; (stems), n.d.

ARALIACEAE

Hedera helix L. Ivy; Submedit.-Subatl.; P lian; (stem, leaves and fruits); Sub-Mediterranean forests,
cultivated.

UMBELLIFERAE

Anthriscus sp. Pers. cfr. Chervil; n.d.; H scap; (stem); humid ruderal habitats.

Foeniculum vulgare Miller Wild fennel; S-Medit.; H scap; (leaves); arid pastures.

PRIMULACEAE

Cyclamen sp. L. Cyclamen; n.d.; G bulb; (flowers); thermo and mesophylous forests.

RUBIACEAE

Asperula cfr. aristata L. fil. Woodruff, Medit.-Mount.; H scap; (flowers); rocky habitats.
CONVOLVULACEAE

Cualystegia cfr. sepium R. Br. Hedge bindweed; Paleotemp.; H scand; (leaves and flowers); humid rud-
eral habitats.

Convolvulus cfr. arvensis L. Field bindweed; Paleotemp. (Cosmop.); G rhiz; (whole plant); ruderal
habitats.

ACANTHACEAE

Acanthus mollis L. Bear’s breech; Steno-Medit.-W; H scap; (whole plant and leaves); humid ruderal
habitats.

PLANTAGINACEAE

Plantago sp. L. cfr. Plantain; n.d.; H ros; (inflorescence); pastures and ruderal habitats.
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CAPRIFOLIACEAE

Lonicera sp L. Honeysuckle; n.d.; P caesp; (fruit); Mediterranean forests and bushes.

DIPSACACEAE

Dipsacus fullonum L. Fuller’s teasel; Euri-Medit.; H bienn; (leaves); humid ruderal habitats.
CAMPANULACEAE

Campanula sp. L. Bellflower; n.d.; n.d.; (flowers); rocks and walls.

COMPOSITAE

Chrysanthemum cfr. coronarium L. Crown daisy; Steno-Medit.; T scap; (flowers); ruderal habitats.
Cardueae s.1. Thistles; n.d.; H scap; (leaves and flowers); pastures and ruderal habitats.

Cynara cardunculus L. subsp. cardunculus Cardoon; Steno-Medit.; H scap; (stems); ruderal habitats,
arid pastures.

Cynara cardunculus subsp. scolymus (L.) Hayek cfr. Wild artichoke; Steno-Medit.; H scap; (flower
head with involucres bracts); ruderal habitats, arid pastures.

Centaurea cyanus L. Cornflower; Steno-Medit (Subcosmop); T scap; (flower); cereal crops.

Carlina cfr. utzka Hacq. Acanthus leaved thistle; Orof.S.-Europ.; H ros; (leaves and flowers); arid
pastures.

Sonchus sp. L. Sow-thistle; n.d.; T scap; (leaves); ruderal habitats.

ANGIOSPERMAE-MONOCOTYLEDONES
POTAMOGETONACEAE
Potamogeton cfr. natans L. Broad-leaved pondweed; n.d.; I rad; (inflorescence); stagnant waters
and rivers.
LILIACEAE
Asphodeline lutea L. King’s spear; E-Medit.; G rhiz; (flowers); rock habitat.
Paradisea sp. L cfr. Paradisea; n.d.; G bulb; (flowers); subalpine pastures.
Colchicum sp. L. Autumn crocus; Central-Europ.; G bulb; (flowers); arid pastures.
Bulbocodium sp. L. cfr. Spring meadow saffron; Orof. S-Europ.-Caucas; G bulb; (bulbs); mountain
pastures.
Gagea cfr. lutea (L.) Ker-Gawl. Yellow Star of Betlehem; Euro-Sib.; G bulb; (flowers); forest
and pastures.
Tulipa cfr. sylvestris L. Wild tulip; Euro-Medit.; G bulb; (flowers); pastures.
Lilium candidum L. Madonna lily; E-Medit; G bulb; (flowers); pastures and cultivated.
Urginea cfr. maritima (L.) Baker Sea squill; Steno-Medit.-Macarones; G bulb; (bulbs); rocky habitats
and garigues.
Allium cfr. ursinum L. Wild garlic; Eurasiat.-Temper.; G bulb; (flower); humid places and forests.
Asparagus sp. L. Asparagus; n.d.; G rhiz; (stem); Mediterranean maquis and forests.
Sternbergia sp. W. et K. Sternbergia; n.d.; G bulb; (flowers); arid pastures.
AMARYLLIDACEAE
Pancratium maritimum L. Sea-daffodil; Steno-Medit.; G bulb; (flower); Mediterranean coasts.
Narcissus sp. L. cfr. Daffodil; n.d.; G bulb; (flower); pastures.
IRIDACEAE
Iris sp. L. Iris; n.d.; G rhiz; (flowers); pastures and river banks.
Crocus sativus L. Saffron; n.d.; G bulb; flower (stigma); arid pastures.
Romulea sp. L. Romulea; Steno-Medit.; G bulb; (flowers); humid pastures.
GRAMINEAE
Graminaceae s.l. n.d.; n.d.; (spike lets fragments), n.d..
PALMAE
Phoenix dactylifera L. Date palm; Paleo-Subtrop.; P scap; (leaves); desert (cultivated). ARACEAE
Arum cft. italicum L. Arum; Steno-Medit; G rhiz; (inflorescence); humid ruderal places.
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Dracunculus vulgaris Schott Dragon arum; Steno-Medit; G rhiz; (flower); forest and pastures.

Calla palustris L. Water arum; Circum-Bor.; G rhiz; (flower); river banks.

SPARGANIACEAE

Sparganium erectum L. Bur reed; Eurasiat.; I rad; (male inflorescences); rivers banks and stag-
nant waters.

ORCHIDACEAE

Cephalanthera sp. L.C. Rich. Helleborine; Eurasiat.; G rhiz; (flower); thermophilous forests.
Spiranthes spiralis (L.) Koch Autumn lady’s tresses; Europ.-Caucas; G rhiz; (flowers); forest
and arid pastures.

Most of the species are sculptured through their floral attributes and only 15 species are
represented in all panels, whilst the others are limited to individual segments of the total
frieze. The most recurring plants are Acanthus mollis, Arum cfr. italicum, Lilium can-
didum, Phoenix dactlylifera, Nymphaea sp., and in particular Cardueae. The Northern
panel is the one that exemplifies the major variety of vegetal species, due to the highest
extension of conserved sculptures.

Even though the impossibility of a precise specific determination of the flora limits the
exact phyto-geographic contextualization, nevertheless, the knowledge of their preferen-
tial habitats and of the life forms permits an ecological and structural characterization.

This nature representation seems to describe substantially meadows and garigues
aspects of Mediterranean habitats, especially of arid and stony environments linked with
human activities, particularly sheep farming and fire, which have conditioned this vegetal
landscape since millennia (Fig. 3). These are mainly characterized by plant genera, like
Helianthemum, Tulipa, Gagea, Crocus, Colchicum, Lilium, Paradisea, Romulea, Sedum,
Dianthus, typical of rocky habitats and arid pastures, together those of pastoral and arid
synanthropic habitats, like Pteridium or Cardueae, as Carlina, and Cynara. Others are also
frequent, like Acanthus, Calystegia, Bryonia, Arum, belonging to humid ruderal habitat,
and segetals, like the species Centaurea cyanus and Papaver rhoeas.

A fair number of elements belonging to the maquis, forests and bushes of the
Mediterranean habitats is present, such as Hedera helix, Laurus nobilis, Cyclamen sp.,
Phyllitis scolopendrium, Dracunculus vulgaris. Not negligible is the floral component
which can be traced back to the humid and riparian habitats of the Mediterranean and mid-
dle-east areas, such as the species belonging to the genera Nymphaea, Nuphar, Iris,
Sparganium, Calla, Potamogeton, Anthriscus, to which frequent elements of the classical
artistic iconography belong.

The recurrence of date palm’s leaves, a classic representative of desert habitats of the
north-African and middle-east areas, seems relevant for its symbolic significance. The
beaches flora, with Pancratium maritimum, a plant much liked in Hellenistic and Minoan
art, is also represented.

Furthermore it is interesting to point out that from the floral structure point of view the
herbaceous perennial plants, with subterranean buds (geophytes) or at ground level
(hemicryptophytes) or also, even though more rarely, aquatic (hydrophytes) prevail. On
the contrary, ephemeral plants (therophytes) as well as the woody perennial ones (phanero-
phytes) are scarce (Fig. 4).
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Fig. 3. Ecological spectra of the flora (1-Arid fields, rocks and garigues; 2-Ruderal habitats; 3-Crop
fields; 4-Forests and bushy habitats; 5-Riparial and aquatic habitats; 6-Desert habitats; 7-
Mediterranean beaches; 8-Undetermined).

This picture represents a quite precise selective choice of an habitat description, because
in comparison with the natural reality of Mediterranean garigues and of disturbed habitats,
were the ephemeral plants prevail, in this case species having bulbs and subterranean
tubers seems better representing “rebirth” when an ecological threshold factor stops (for
example fire or after a summer aridity period).

2. The structure of the language

Individual plants can be grouped together on the ground of their position in the visual
space. In other words the architectural structure of the image as a whole is based on a hier-
archical system of flora (Tab. 1). There is one generative element (Gen.), others make up
the shoot (I and II Scr.), others still, make up the columnar (Col.), terminal (Term.) or spi-
ral (Spir.) elements, and finally some others make up the emerging ones (Em.). Some
plants, such as Pteridium aquilinum and Cucurbitaceae, seems as a sort of “supermodel”
(SM.), because their attribution is based on a image “scheleton”, like in an Arcimboldo’s
paintings, and also for the observed strategies of survival and conquest of space.

Clearly nothing is haphazard, because it is very rare to see the same plant fulfilling dif-
ferent iconographic functions. This suggests that for each position within the image, there
was a well-defined choice of plants. This also sheds light on the working methods used in
the development of the Ara Pacis. Artists would have had definite models to work from
for each position of the panel.
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Table 1. Ara Pacis: Sculptured plants and their iconographic role.

Scientific name Trivial Name Gen.| SM. IScr JIScr. | Col. Term. | Spir. | Em.
Acanthus mollis Bear’s breech * il

Pteridium aquilinum Brake *

Cucurbitaceae s.1. Cucurbits *

Cynara cardunculus ssp. card | Cardoon *

Anthriscus sp. cft. Chervil *

Phyllitis scolopendrium Scolopendra *

Cyclamen sp. Cyclamen *

Bryonia sp. Bryony *

Hedera helix Ivy * o

Vitis vinifera Grape o

Laurus nobilis Laurel *

Dracunculus vulgaris Dragon Arum i

Cupressus sempervirens cfr. Cypress *

Dipsacus fullonum Fullers teasel *

Pancratium maritimus Sea daffodil *

Asperula cfr. aristata Woodruff *

Silene conica cft. Catchfly *

Calystegia cfr. sepium Hedge bindweed * *

Campanula sp. Bellflower * o

Cynara cardunc. ssp.scolymus | Wild artichoke *

Phoenix dactylifera Date Palm o

Arum cftr. italicum Arum e

Asparagus sp. Asparagus *

Plantago sp. Plantain *

Potamogeton cfr. natans Pondweed *

Cardueae s.1. Thistles el
Carlina cfr. utzka Acanthus thistle **
Chrysanthemum cft. coron. Crown daisy *
Nymphaea sp. Loto **
Nuphar luteum Yellow water lily

Lilium candidum Madonna lily o
Anemone sp. Windflower *
Helianthemum cfr. numm. Sun rock rose *

Sedum sp. Stonecrop *
Alchemilla cfr. vulgaris Lady’s mantle *
Ecballium cfr. elaterium Squirt. cucumber *
Narcissus sp. Daffodil *

Rosa sp. Rose *
Dianthus sp. Carnation **
Iris sp. Iris o
Colchicum sp. Autumn crocus *
Lonicera sp. Honeysuckle *
Crocus sp. Saffron *
Asphodeline lutea King’s spear *
Paradisea sp. cft. Paradisea *
Allium cfr. ursinum Wild garlic *
Calla palustris Water Arum *
Spiranthes spiralis Aut. Lady’s tresse: *
Asplenium ruta-muraria Wall rue *
Papaver cfr. rhoeas Corn poppy *
Convolvolus cfr. arvensis Field bindweed *
Centaurea cyanus Cornflower *
Romulea sp. Romulea *
Sparganium erectum Bur reed *
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Table 1. continued.

Tulipa sylvestris Wild tulip *
Urginea cfr. maritima Sea squill *
Caryophyllaceae s.1. Pink Family *
Agquilegia sp. cft. Columbine *
Malva sp. Common mallow *
Lavatera sp. Lavatera *
Alcea sp. Holly hock *
Hibiscus sp. cft. Rosemallow *
Foeniculum vulgare Wild fennel *
Sonchus sp. Sow-thistle *
Bulbocodium sp. cfr. Spring m. saffron *
Gagea cft. lutea Y.Star Betlehem *
Sternbergia sp. Sternbergia *
Graminaceae s.1. Grasses *

Gen.= Generative element: SM. = Super Model; I Scr. = Primary Scrolls; II Scr.= Secondary Scrolls;
Col. = Columnar; Term. = Terminals; Spir. = Spirals; Em. = Emergent.

not defimed
Ch 12,1%
1,5%

0
61% 39,4%

10,6%

P

10,6% H
19.,7%

Fig. 4. Structural spectra of the flora (P = Phanerophytes; Ch = Chamaephytes: H=
Hemicryptophytes; G = Geophytes; I = Hydrophytes; T = Therophytes).

It seems probable to assume that nothing in this iconographic system was left to chance,
and suggest instead that each element had a role in the communication of a topical mes-
sage in antiquity.

The composition underlines the role of symmetry and of numerical order that leads
the idea of beauty and harmony, as in the Pythagoreans theories. A generative element
(Acanthus), giving rise to all the botanical complexity, shows a model of growth inspired
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to a combination of elements, such as snake-like and colonial plants, having the struc-
ture of “ramets” (Fig. 5). We need to observe that the modular replication of oneself is a
process that occurs in the vegetal world during asexual plant reproduction. Plants con-
quer their surrounding space through their crawling stalks (stolons), which produce indi-
vidual replicas through buds. Men would have observed stonoliferous plants, such as
some Rosaceae (e.g. Potentillas), Graminaceae, or ferns, as the brake, and other ‘inva-
sive plants’ (Fig. 5). The composition’s system of volutes as a whole and the spirals
appear inspired from the pastorals of ferns and similarly, the serpentine propagation
resemble those of Cucurbitaceae.

Another dominating process that is reflected in the panels is that of continual metamor-
phosis. This goes hand in hand with one of the fundamental notions of Hellenistic philos-
ophy, and in particular of Eraclitus’ pre-Socratic naturalism, the idea that ‘being is flow-
ing’ and that ‘all is transient, nothing is eternal’. The world is understood as being in a state
of continuous mutation: everyone lives insofar as he is developing and renovating himself.
At the same time, being is inextricably tied to not being but ‘this death is not a final one,
but rather a transmutation into something else’.

Fig. 5. Examples of colonial plants and modular structure of the Ara Pacis, where the generative ele-
ment (Acanthus) and its propagation seem to suggest the perspective of the Roman Empire founda-
tion in a beautiful model of symmetry and of numerical composition.
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The concept of eternal transformation is at the base of innumerable works, first among
which, Ovid’s Metamorphosis, emerging only some years after the inauguration of the Ara
Pacis monument, and probably inspired by the themes that were already present in
Hellenistic literature (particularly after the third century BC) (Fig. 6).

Apart flowers, the vegetal elements that dominate are leaves and buds, both represent-
ing the initial phase of natural development. The visual direction of this development is
both ascendant and terminates in spirals, and there is no truly a final element, because ter-
minal details actually contain further elements that allude to an imminent development
(Fig. 6). That seems to allude to a negation of an end, and to a process that will continue
for the future.

Conclusions- The Augustus message

In the Pagan world, dominated by a varied and omnipotent Nature, the relationship
between men and Gods manifested itself through elements that alluded to transcendental
powers. Symbols were omnipresent, and all, not only initiated men, but also by simple peo-
ple, believed that nothing was casual and their understanding of the world and of the mean-
ing of natural phenomena, was consequently based on a series of associations. The direc-
tion of flock of birds, their number, the position of stars in the various constellations, the
rise and fall of the moon, as well as the flowering of plants and the birth of fruits on trees

Fig. 6. a) Portions of the external frieze which show the concept of a continuous transformation = meta-
morphosis b) terminal details containing further elements that allude to an imminent development.
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(Peace)
d

(Rome (Generator) + Provinces) —» Unity 5 Rebirth < Metamorphosis
(The heginning of the Empire) Il
T

(Aungustus and the Apollinean model) Eternity

Fig. 7. Hypothesis on the Augustan message of the Ara Pacis.

like all other natural manifestations, were interpreted as the result of divine power (Frazer
1992; Baumann 1993).

Why are plants, with their stems, leaves, flowers and fruits, the dominating element of
this work? This may be answered by acknowledging the fact that macroscopically, as well
as for the men of antiquity, the vegetal element is the one that best expresses the idea of
rebirth. This belief is reflected in the mythology of antiquity, starting from the Mysteries
of Eleusi and the narration of the divine birth of wheat as well as in the description of the
figure of Dionysius, God of lymph, the ‘blood’ of plants that gives birth to trees each
spring. Similarly, we must also mention the oriental figures of the Great Mother Cybele
and Attis, of Phrygian origin, as well as Adonis, from Syria, that would have been well
known to Romans. Finally, the Egyptian cult of Isis and Osyris sheds light on the natural
cycles of death and rebirth, and again these cannot be neglected in the context of roman
antiquity (Frazer 1992).

Vegetal structures thus appear to be most suitable in the representation of the effects of
peace, as in springtime after winter, or after summer draughts, or also after traumatic
events, such as wartime devastation, and surely the blooming of flowers can be interpret-
ed allegorically to depict this. Rebirth, that is possible thanks to peace and unity in multi-
plicity, is therefore going to be intended as the requirement for a new prosperity, a prelude
of Augustus's aurea aetas. It is expressed in the development of arid environments, where
cardoons and thorny plants prevail, into the final ‘explosion of flowers’ and the enormous
blossoming represents the augur of a happy era.

The role of the generative element (Acanthus), giving rise to a beautiful model of sym-
metry and of numerical composition that leads the idea of beauty and harmony, seems here
to represent Rome and the propagation of its model of order arises from this colonial struc-
ture seems to suggest the perspective of the Roman Empire foundation.

The synchronous fusion of different elements, more than been referred to a fantastic
concept, could ideally underline the continuity’s relationship between one species and
another, as exists in Nature.

Finally the meaning of a representation in which appears the negation of an end, the
absence of a limit, signifies a projection towards eternity. It also seems to allude that the
process of birth and growth of the Roman Empire that has begun will be victorious and
will have no end.

According to Sauron (2000) and other archaeologists, looking finally to the relation-
ships between upper parts and lower ones, the role of Augustus and of its family, is clear-
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ly underlined. It is possible to view the position of the swans (Apollonian and Augustan
symbols) on the upper part of the vegetal panels as a symbol of the superiority of
Augustus’ model, or at least as the symbol of its success.

In conclusion, the phytomorphic panels of the Ara pacis, representing a Nature’s in its
phases of rebirth and of unending renovation takes a complex symbolic message, as sum-
marized in Fig. 7.

Most importantly, this analysis whish to underline the need of deeper interpretation of
many other “naturalistic representation” coming back to a loosen way of communication
in which Nature was used to bring fundamental messages, through a well known and con-
solidated symbolic language.
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A global overview of palynological studies is presented, starting from the first authors who wor-
ked on the subject, and accompanied by considerations on the basic objectives of an experi-
mental science. Examples of the author’s group’s palynological work on Asteraceae (principal-
ly of the Mediterranean flora) follow, demonstrating how the study of pollen, used critically, is
an important tool to solve taxonomic problems.

Introduction

Probablement, celui qui a observé pour la premiére fois un grain de pollen fut Nehemiah
Grew (1682), qui I’appela “spermatic globule” (Blackmore 2007). Ce qui est certain, c’est
que celui qui introduisit le terme “pollen” en son sens actuel a été Linné (1751); en 1760,
le terme était déja d’usage courant parmi les scientifiques.

En choisissant ce terme, Linné avait d’abord observé, ensuite décrit et enfin comparé le
microgamétophyte en repos des phanérogames. Il le comparait a la poudre fine qui est la fleur
de farine, nommée pollen en latin (de fait, dans la plupart des cas 1’origine des mots repose
sur une métaphore, c¢’est-a-dire, une comparaison). Mais quand Grew appelait le grain de pol-
len “spermatic globule”, il avait d’abord observé, ensuite décrit et enfin interprété son objet.

Bien stir, ce sont 1a les bases d’une science expérimentale positive: décrire ce qu’on obs-
erve et ensuite I’interpréter, vu que la seule description, jetée en 1’air, ne fait que tourner
dans le vide. Grew voyait les pollens comme des globules, mais il savait aussi qu’ils
avaient une fonction spermatique.

Au cours du temps, avec 1’évolution de la palynologie (qui regut ce nom en 1944)
comme du reste de la botanique, on passa des descriptions, cependant indispensables, a des
interprétations plus poussées, résultant jusque dans la séparation des espéces. Je vais faire
ici un incise, passant de la botanique de 1’¢re baroque a la zoologie du siécle des Lumieres:
il a été dit que Cuvier savait reconstruire un animal a partir d’un seul os. En admettant bien
stir, que I’animal devait étre un vertébré (ou aujourd’hui, Chordé), la possibilité de recons-
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truction dépendait de 1’animal et de ’os. Il semble que, dans le cas concret, I’animal était
un opossum du Miocéne de Montmartre, et ’os faisait partie du bassin et fut finalement
nomm¢ “os marsupial” (Buffetaud 2002).

Le pollen peut parfois permettre de séparer des espéces: il est alors possible de
reconstruire une plante entiére sur la base de son pollen. Mais il est bien plus commode
de partir de critéres macromorphologiques plutot que d’user le “critére pollen”, pour une
telle reconstruction. Ainsi, dans 1’étude des plantes actuelles, le pollen sert plutdt a défi-
nir des tribus ou des sous-tribus et a décider de la classification des taxons de rang infé-
rieur; dans la paléobotanique, quand on dispose du pollen et rien d’autre, c’est le pollen
qui est le point de départ.

Incontestablement, I’é¢tude du pollen peut étre un instrument utile. Blackmore (2007)
souligne les deux qualités qui sont a la base de cette utilité: la diversité et la résistance a la
dégradation. Pour ce qui en est de la premiére, les grains de pollen montrent une série de
caractéristiques qui dépendent du taxon auquel la plante en question appartient. En ce qui
concerne a la deuxiéme, le pollen se conserve mieux que toute autre partie de la plante,
quelle qu’elle soit, qualité qu’il partage avec les spores. Dans la profondeur des temps,
quand la limite entre pollen et spores était encore mal définie, le méme Blackmore nous
rappelle que souvent les spores furent repérées avant que la plante d’origine ne fiit connue.
Quelquefois on peut démontrer le lien: Wellman & al. (2003) ont associ¢ le pollen fossile
Apiculiretusispora plicata a I’organisme Rhynia gwynne-vaughanii.

Zavada (2007) énumere les catégories d’information que peut fournir le pollen: (1) s’il
se présente en monades ou en poliades; (2) s’il est hétéropolaire ou isopolaire, oblate ou
sphérique, lobé ou angulaire, etc.; (3) quel est son diameétre — grosso modo, quand il est
supérieur a 40 um cela indique pollinisation par un vecteur animal, alors qu’en dessous ce
serait le vent qui est le porteur; (4) le nombre et la nature des apertures; (5) la structure du
tectum; (6) la structure de I’infratectum; (7) de la couche basale ; et (8) de I’intine. Cet
auteur mentionne aussi des témoignages palynologiques sur I’origine des angiospermes,
qui remonterait a la limite du triasique et jurassien.

Blackmore (2007) confirme la supposition de Wodehouse (1935), que les caractéres
morphologiques et structuraux du pollen peuvent s’expliquer par son ontogénie: ainsi, le
pollen symétriquement diporé de Dryandra est le produit d’un certain type de division
méiotique. Dés lors, il est possible d’imaginer la fagon de la plante d’utiliser, et donc sélec-
tionner, ces caractéres, de la maniére dont nous les utilisons et sélectionnons en décrivant
le pollen et réunissant ou séparant les taxons. Les auteurs y ont en effet songé, au niveau
descriptif et d’interprétation.

Aprés Wodehouse suivirent les travaux d’Erdtman (1943), Faegri & Iversen (1964) et
Reitsma (1970), pour n’en mentionner que les principaux. Tous visent a établir, d’une
fagon trés générale, le rapport entre les caracteres polliniques et les groupes taxonomiques.
Reitsma, de plus, introduit une terminologie. Le livre d’Erdtman (1943) est devenu un
classique. Laissez-moi cependant mentionner un curieux article du méme auteur (Erdtman
1954), ou il explique comment faire des diagrammes polliniques (a cette époque, il fallait
savoir dessiner) et des photographies réellement illustratives de ce qu’on veut décrire; et il
donne comme exemple négatif d’une photographie celle de I’objet amorphe qui fiit nommé
par son auteur Confusopollis confusus — sans doute en conformité avec sa propre vision de
I’objet: confuse. Dans le méme article, Erdtman publiait une photographie faite par lui en
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1948, en microscopie électronique a transmission, d’un pollen de composée. Je le men-
tionne en vue des apports palynologiques de notre équipe au champ a cette famille que je
présenterai ici.

Parmi les apports a la palynologie des composées antérieurs aux notres, il faut men-
tionner ceux de Skvarla & Turner (1966), qui utilisent les caractéres du pollen pour étudier
la phylogénie et taxonomie de onze tribus, et de Bolick (1978), qui décrit les types fonda-
mentaux de l’ultrastructure de 1’exine dans cette famille: 1’Hélianthoide, pourvu d’une
cavea, et I’Anthémoide, sans cavea, et elle groupe les tribus en fonction de ces types.
L’auteur stipule, a partir des Vernoniées, une origine harmomégathique de la cavea.

Voyons maintenant comment nous-mémes avons séparé¢ ou joint, et finalement assigné,
quelques taxons de la famille des Composées. Au départ, sur la base des publications anté-
rieures, les principales caractéristiques polliniques se situent au niveau des tribus, sous-tri-
bus et genres.

Dans les Anthemidées, par exemple, le pollen du type Anthemis est tres différent de
celui du type Artemisia. Ainsi, par I’étude du pollen on découvrirait immédiatement n’im-
porte quel taxon du groupe Artemisia qui se serait égaré dans le groupe d’Anthemis.

Martin & al. (2001) ont simplement appliqué ce principe a I’é¢tude des genres
Kashgaria, Mausolea, Neopallasia et Turaniphytum, supposément alliés a Artemisia. Sur
la base de leur pollen (du type, justement, Artemisia), ils conservent leur position pres du
“genre mere” et non pas pres de Tanacetum (pollen du type Anthemis). Qu’on les sépare
ou non comme genres indépendants d’Artemisia dépend des auteurs; cependant, les carac-
téres du pollen concordent avec d’autres données, comme celles de type moléculaire et
morphologique. Continuant sur la méme voie, notre équipe, dans un deuxiéme travail rela-
tif aux Anthemidées (Martin & al. 2003), a établi les rapports, par exemple, du genre
Ajania. Pour ces études, le microscopique électronique a balayage est devenu I’équivalent
de ce qui était auparavant le microscope optique, que nous n’utilisons plus jamais; les
résultats étant si clairs qu’il n’est pas nécessaire couper et on peut se passer du microsco-
pique électronique a transmission. Les mesures, prises avec un microscope a projection
Visopan de Reichert, Autriche, restent un complément utile, mais ne sont pas, au moins
dans notre cas, décisives.

Méme avant nos travaux sur les pollens des types Anthemis et Artemisia, les
Centauréines, et notamment le groupe Jacea, ont été objet de nos études (Martin & Garcia-
Jacas 2000). Ce groupe a résulté étre homogéne au sens palynologique. Une comparaison
du pollen du type Jacea avec celui des genres Zoegea et Oligochaeta a montré que Zoegea
présente une forme pollinique primitive, plus proche de Serratula que de Centaurea, tan-
dis qu’Oligochaeta semblait combiner les caractéres des deux types, avec la présence
d’une double strate de columelles comme chez Serratula, mais avec perte totale des épi-
nes et diminution du diamétre. Provisoirement et dans I’attente de nouvelles études, nous
avons conclu que ce genre resterait au dehors du groupe Jacea. Dans ce cas, la microsco-
pie électronique a balayage aussi bien qu’a transmission on été utilisées, sur la base aussi
de cryofractures qui évitent les déformations par pression dues a la coupe par microtome.
Pour les mesures, les mémes remarques s’appliquent que pour le travail sur les
Anthémidées, valables aussi bien pour les cas suivants.

De nouvelles études, récemment complétées (Hidalgo & al. 2008), ont permis d’éclair-
cir le “cas Oligochaeta” en ont apporté des données complémentaires a I’ensemble des
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Centauréines. L’examen du groupe Rhaponticum, au microscope a balayage et a transmis-
sion, a montré que le genre Rhaponticum proprement dit présente un pollen du type
Serratula, alors qu’Oligochaeta doit étre inclus dans le groupe Jacea. Le pollen de
Myopordon s’insére dans une séquence qui relie le type Serratula au type Jacea.

Entre temps, dans un autre groupe des Centauréines, nous avons étudié le complexe
Carthamus (Vilatersana & al., 2001), bien représenté dans la flore méditerranéenne. Nous
avons décrit un nouveau type de pollen, nommé justement type Carthamus, qui caractéri-
se tout le groupe et difféere du type Centaurea centaurium pour les grains prolates et pas
oblates. Nous avons aussi formulé une hypothése sur 1’évolution des types alliés, que
diverge de celle classique de Wagenitz (1955). Dans ce travail, I’emploi du microscope
¢électronique a transmission a résulté indispensable; la cryofracture fut encore utilisée pour
I’étude de quelque échantillon, mais les coupes microtomiques se révélérent plus utiles
pour déterminer la présence ou absence d’une cavea, c’est a dire, un espace qui interrompt
la continuité de 1’exine, en rapport probablement avec I’harmomégathie — ou, comme
soupgonnent Furness (1995) et Rowley & El-Ghazaly (1992), avec le dépét de lipides.

Comme pour les Anthémidines et Artemisiines, les données moléculaires et morpholo-
giques on été utilisées parallelement aux polliniques. L’étude du seul pollen peut induire
en erreur, comme dans le cas d’Aegialophila, a pollen trés semblable (bien que non iden-
tique) a celui de Centaurea scabiosa, ou ces données complémentaires nous ont amenés a
la conclusion de que cette ressemblance était due a une évolution parall¢le. Dans ce cas,
les petites différences entre deux pollens semblables permettent de soupgonner une
convergence évolutive plutét qu'une affinité véritable.

Chez les Carduées, en nous fondant sur des données moléculaires, nous avons étudié le
genre Echinops et le complexe Xeranthemum (Garnatje & Martin 2007). Nous avons trou-
vé deux types de pollen chez Echinops, qui cependant ne permettent pas de séparer des
sections. Le fait que les deux types polliniques reconnus se fondent sur un caractére quan-
titatif souléve une question intéressante. Encore une fois, le microscope électronique a
transmission a résolu le probléme, montrant qu’un supposé pont sur I’exine des taxons
pérennes est, en réalité¢, une multiplication des strates de columelles. II est bien vrai que les
deux types de pollen observés correspondent, respectivement, aux taxons annuels et péren-
nes, critére macromorphologique que, dans ce cas, 1’étude du pollen ne fait que confirmer.
Mais le pollen montre, par exemple, qu’Acantholepis, non seulement doit étre inclus dans
le genre Echinops, mais, mieux, que ¢’est simplement une espéce d’Echinops. En outre,
les Carduées présentent un pollen trés similaire, dans sa structure interne, au type
Anthémoide (sans cavea), et ce critére pollinique peut servir de critére pour I’inclusion,
dans les Carduées, d’un taxon d’appartenance douteuse. En vue de I’homogénéité, dans
cette tribu, de la structure pollinique interne il n’est pas surprenant que les différences pol-
liniques qu’on constate chez Echinops ne soient que quantitatives. De méme, de petites
différences qu’on constate nous ont porté a séparer Chardinia et Xeranthemum, d’un coté,
d’Amphoricarpos et Siebera de 1’autre.

En somme, que les taxons considérés soient méditerranéens ou non méditerranéens,
nous poursuivons leur étude a la recherche de ressemblances parmi les pollens différents,
ou différences parmi ceux qui se ressemblent.
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Main kinds of changes in the Mediterranean macroalgal flora are analysed. At a local scale they
generally depend on anthropogenic pressure, the most evident effects of which are different
kinds of pollution (thermal, radioactive, chemical, organic and bacterial), overgrazing and dis-
charge of inert terrigenous material or debris. At a larger scale they can be due to variations of
environmental conditions depending on climatic changes. Recently, different types of changes
were registered in some areas of the Mediterranean Sea. For example, at the Egadi Islands
(Western Sicily) a per cent increase of species of warm water affinity (mainly Rhodophyta)
belonging to both Circumtropical and Indo-Pacific phytogeographic elements and a per cent
decrease of species of cold water affinity (mainly Phaeophyceae) belonging to the
Circumboreal phytogeographic element was registered. While in areas of the eastern
Mediterranean basin like the eastern coast of Sicily, Pantelleria Island (The Straits of Sicily,
Italy) and Linosa Island (The Straits of Sicily, Italy), besides floristic changes a deterioration of
the benthic algal vegetation due to the disappearance of stenoecious species of Cystoseira
(Phaeophyceae, Fucales) which play the role of canopy algae, with diminutive euryoecious
species was registered. Finally, minor floristic changes are also considered like those due both
to the description of new species and the introduction (accidental or intentional) of alien species
generally resulting in an enrichment of biodiversity.

Introduction

The Mediterranean Sea shows a rather high macroalgal biodiversity especially if relat-
ed to the area of only 2.5 million km? by it covered. In fact, the estimated macroalgal
floristic richness is of about 1090 taxa at specific and infraspecific level [about 56
Cyanophyta (Giaccone 1999), more than 550 Rhodophyceae (Athanasiadis 2002), 265
Phaeophyceae (Ribera & al. 1992), 214 Chlorophyta (Gallardo & al. 1993)] corresponding
to about 15% of world ocean macroalgal biodiversity. In the last years, global climatic
change was more and more indicated as the major cause for changes in biodiversity favour-
ing the introduction of warm water alien species, that in some cases behave as invasive
spreading throughout very wide areas. However, it should be also considered that at local
scale major changes are due to anthropogenic pressure. The human impact on biological
diversity in the Mediterranean Sea was classified on the basis of the time necessary to the
impact to become reversible (Boudouresque & al. 2006). Clearly, irreversible, at least at
human scale, forms of impact like coastal development, species introduction, species
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extinction and global warming, are causes much greater than the reversible ones within a
few year (e.g. most types of pollution and oil spills).

Floristic changes due to anthropogenic pressure

The most evident effects of anthropogenic pressure are coastal development and
water pollution.

Coastal development (e.g. reclamation, harbours, groynes, artificial beaches) is one of the
most serious forms of human pressure due to the irreversible destruction of benthic commu-
nities, at least at human scale, by it caused. In the Mediterranean Sea, such a destruction
mainly concerns littoral belts with Cystoseira amentacea (C. Agardh) Bory and Lithophyllum
byssoides (Lamarck) Foslie as well seagrass meadows and communities with Cystoseira spp.
occurring in deeper waters. Many species of the above communities are protected either by
national legislation or by both Berne and Barcelona conventions. In addition to its direct
impact, coastal development can lead to indirect effects which may concern a much larger
surface area than that actually covered by reclamation and facilities. For example, groynes
alter sediment transport by coastal currents, with either upstream oversedimentation (that
buries benthic communities) or downstream undersedimentation (resulting in baring benthic
communities): in both cases benthic communities may fall into decay.

As concerns water pollution, at least five classes of polluting agents can be considered:
discharge of cooling water from factories (thermal pollution); discharge from nuclear
plants (radioactive pollution); discharge of industrial water (chemical pollution); discharge
of urban waste water rich of organic matter (organic pollution); discharge of inert terrige-
nous material (detrital pollution).

In this contribution, only the last two types of pollutions will be treated i.e. the organic
and the detrital pollutions.

The introduction of organic matter, both dissolved and particulate, from sewage
effluents leads to the phenomenon named eutrophication. The eutrophication gives rise
to profound changes of the benthic algal vegetation consisting of: i. the disappearance
of Cystoseira spp. (that are k-strategy and long-lived species) with a consequent dete-
rioration in the structure of communities by them characterised; ii. the change of zona-
tion patterns with uplift of lower limits of the vegetation; iii. a decrease of floristic
diversity. In slight eutrophication conditions, in the infralittoral fringe, the most obvi-
ous changes are the appearance of nitrophilous species [like Ulva spp. and
Pterocladiella capillacea (S.G. Gmelin) Santelices et Hommersand] as well as of other
species able to prosper in eutrophicated biotopes like Cladophora spp., Colpomenia
sinuosa (Mertens ex Roth) Derbés et Solier, Chondracanthus acicularis (Roth)
Fredericq, Petalonia fascia (O.F. Miiller) Kuntze, etc..

Afterwards, when additional nutrients become available in the water column, the
above species become more abundant and tend to mask indigenous communities which
eventually disappear.

In heavily polluted sites, with excess of nutrients, only nitrophilous species occur and
prosper substituting the disappeared community with Cystoseira spp..
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Under extreme conditions, only Cyanophyta and Diatoms there occur at this level.

In the upper and mid-infralittoral zones, the species of Cystoseira which represent the
guide species of phytobenthic communities (e.g. Cystoseira brachycarpa J. Agardh, C.
crinita Duby, C. sauvageauana Hamel), disappear and the communities by them charac-
terised are substituted by not well structured communities with Dictyotales and
Sphacelariales. Often, species of Codium, which as known accumulate nitrate, show explo-
sive development due to the increase of nitrate in seawater. In very sheltered habitats in
presence of high level of eutrophication, the bottom can be colonised by aegagropilous or
unattached forms of Ulvales and Gracilariales which form drifting beds. But, eutrophica-
tion can indirectly cause alterations of deeper communities due to the increase of water tur-
bidity caused by phytoplankton blooms. As a consequence of the increased turbidity (caus-
ing a reduction of the irradiance), the depth distribution limits of the communities move
upward in response to their minimum light requirements for growth. In other words, com-
munities living in deeper water tend to go up but they result impoverished by a floristic
point of view due to the noticeable reduction of photophilic species, only partly balanced
by the increased number of sciophilous ones. Moreover, it should be pointed out that
changes of depth distribution result, on the whole, in a floristic impoverishment due to both
the noticeable reduction of photophilic species, only partly balanced by the increased num-
ber of sciophilous ones, and the considerable reduction of the area inhabited by phytoben-
thic communities. The above mentioned damages on phytobenthic communities can be
also caused by the discharge into the sea of inert terrigenous material. Such a kind of pol-
lution is a bit deceitful since, acting only on infra- and circalittoral communities but not
causing changes in communities observable from land (i.e. those occurring in both midlit-
toral zone and infralittoral fringe) leads to suppose the occurrence of good environmental
conditions throughout the water column.

An interesting example of damages caused by the last factor of pollution was registered
at the Tremiti Islands (Adriatic Sea) (Cormaci & Furnari 1999; Cormaci & al. 2000;
Cormaci & al. 2001). In those Islands, an almost total lack of communities with Ulvales in
the infralittoral fringe was observed where conversely a well structured community with
Cystoseira amentacea v. stricta Montagne occurred proving a lack of eutrophication at
least in shallow water. That, could lead to suppose the occurrence of good environmental
conditions down to the bottom. Conversely, a considerable structural deterioration of infra
and circalittoral phytobenthic communities was observed. Communities with Cystoseira
spp. and Sargassum spp., which according to literature data were present in seventies, were
lacking. They were substituted by degraded, little structured communities with a reduced
biodiversity since the settlement of opportunistic and/or sciophilous species doesn’t bal-
ance the disappearance of sensitive species like members of Cysftoseira which host on their
fronds a high number of epiphytic species.

The disappearance of communities with Cystoseira spp. can be due to different factors
like the occurrence of more or less toxic pollutants, overgrazing by sea-urchins often
caused by over-fishing of sea-urchin predator fishes (e.g. Sparus aurata) (Verlaque &
Nédélec, 1983; Lemée & al. 1996), anchoring, etc., but at the Tremiti Islands, neither the
occurrence of dense population of sea-urchins causing over-grazing, nor fishery activities
and anchoring, sufficiently important to cause heavy damage to the benthic vegetation,
were observed. Conversely, a noticeable water turbidity due to the presence of suspended
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inert terrigenous materials was there observed during that study. Therefore, the above
changes are mainly due to the reduction of water transparency.

It should be noted that the disappearance of communities with Cystoseira spp., is a very
severe environmental damage since, after causes of the decline of the above communities
have ceased to operate, their recovery generally takes a very long time since the growth of
most Cystoseira species is quite slow (Verlaque 1987) and their eggs are rather large, sink
rapidly and consequently they do not disperse beyond a few meters from parent individuals.

Changes due to global climate change

The main effect of the global climate change on the Mediterranean Sea consists of sea
warming that showed a positive trend since 1960s-1970s (Béthoux & al. 1990; Salat &
Pascual 2002). Such a phenomenon mainly resulted in a northward extension of the distri-
bution area of warm-water species (Bianchi 2007; Francour & al. 1994), like the native
Caulerpa prolifera (Forsskal) J.V. Lamouroux that extended its northern distribution area
at the beginning of 1990s from Corsica to Ligury and Provence (Bianchi & Morri 1994).
More conspicuous floristic changes dealing with macroalgae, much probably related to sea
warming, were registered in some recent studies. For example at Pantelleria Island (the
Straits of Sicily, Italy), Alongi & al. (2004) found that the present flora, consisting of 265
taxa at specific and infraspecific level is slightly lower than that registered in 1970s by
Giaccone & al. (1972) and Giaccone & al. (1973) (283 taxa), with an increase in
Rhodophyceae of 7.6% and a decrease in Phacophyceae and Chlorophyta of 3.6% and 4%,
respectively. The most meaningful datum is the disappearance below 12 m depth of com-
munities with stenoecious Cystoseira spp., previously present in that area, substituted by
communities less structured and showing a lower mean number of species than corre-
sponding communities with Cystoseira spp. occurring in other Mediterranean localities.
Agreeing with Alongi & al. (2004) we think that such a disappearance combined to the
above mentioned increase of Rhodophyceae (species of warm water affinity) and decrease
of Phaeophyceae (species with cold water affinity) is due to the increase of the tempera-
ture of superficial waters reinforced in by changes of the deep circulation of the eastern
Mediterranean basin causing the formation in the Aegean Sea of denser deep waters that
caused the up welling of warmer, less salty and more nutrient rich mid-depth waters
(Lascarotos & al. 1999; Klein & al. 1999). As well, at Linosa Island (the straits of Sicily,
Italy), on the basis of collections made in 1999, Serio & al. (2006) registered noticeable
changes in the benthic flora with respect to previous data based on collections made in
1973 and published later (Cinelli & al. 1976). As observed at Pantelleria Island, also at
Linosa Island the disappearance of upper to lower infralittoral communities with stenoe-
cious species of Cystoseira was registered. That produced a lower structural complexity of
vegetation with a remarkable reduction of biodiversity. In fact, the 1999 flora was poorer
than that of 1973 (233 taxa at specific and infraspecif level compared to 305) with a
decrease in the number of Rhodophyceae, Phaeophyceae and Chlorophyta. But if we con-
sider the per cent composition of floras we can observe that, compared to the 1973 flora,
the 1999 flora showed a higher per cent incidence of Rhodophyceae (70.82 vs 66.56 reg-
istered in 1973) and a lower per cent incidence of Phaeophyceae (17.60 vs 20.33).
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Consequently, the 1999 flora has an R/P (Rhodophyceae/Phaeophyceae) index value
(Feldmann 1937) of 4.02 which according to Feldmann (1937) indicates nearly tropi-
cal characteristics for the flora not showed by the 1973 flora with an R/P value of 3.27.
Moreover, from a phytogeographic point of view, it should be noted that the 1999 flora
is characterized by per cent incidence of both Indo-Pacific and Circumtropical ele-
ments (both 6.87) (species of warm water affinity) higher than that of 1973 flora (3.61
and 4.92, respectively) and per cent incidence of the Circumboreal element (species of
cold water affinity) of 1.29 lower than that of the 1973 flora (1.64). All the above
changes, are undoubtedly related to the increase of the temperature of surface waters
together with changes in the deep circulation of the eastern Mediterrancan basin
recorded in the last 30 years.

Finally, also at the Egadi Islands (western Sicily, Italy) meaningful changes in the pres-
ent flora with respect to that of 1970s were registered by Catra & al. (2006) even though,
differently from both Pantelleria Island and Linosa Island, at the Egadi Islands no deterio-
ration in the benthic algal vegetation was observed. Compared to 1970s flora, the present
flora of the Egadi Islands shows a significant per cent increase of Rhodophyceae (70.18 vs
61.57) and per cent decrease of Phaeophyceae (20.35 vs 26.87) with an R/P of 3.4 (2.3 in
the previous flora) and from a phytogeographic point of view a higher per cent incidence
of both Indo-Pacific (4.93 vs 3.38) and Circumtropical (9.15 vs 7.89) elements. Therefore,
also changes in macroalgal flora recorded at the Egadi Islands, mainly consisting in the
increase in Rhodophyceae and in the decrease in Phaeophyceae resulting in a high R/P
value (3.4) as well as in the increase of both Indo-Pacific and Circumtropical elements,
give evidence of the process of tropicalization that is impacting the Mediterranean Sea due
to the global climate change.

Changes due to introduction of alien species

Another factor causing changes in biodiversity is the introduction of alien species
linked, directly or indirectly, to human activity. According to Schmitz & Simberloff
(1997), after habitat destruction, introduced species are the second greatest cause of bio-
diversity endangerment and decline worldwide. But, on the basis of literature data, in the
Mediterranean Sea the impact of alien macroalgae, apart from those with invasive
behaviour that often cause alteration in both structure and composition of local commu-
nities, is not always so damaging and in any case it varies according to species as fol-
lows: i. zero to slight impact; ii. more or less drastic change in the number and/or abun-
dance of native species; iii. displacement of species occupying a close ecological niche;
iv. change in the functioning of native ecosystems (when an introduced species acts as a
key-species); v. displacement of native ecosystems, due to the setting-up of a totally new
ecosystems (Boudouresque 1999).

Changes of macroalgal diversity of the Mediterranean Sea due to introduction of alien
species were strongly highlighted since 1970s. On the basis of papers by Cormaci & al.
(2004) and Zenetos & al. (2006), at present about 83 introduced macroalgae are recorded
from the Mediterranean Sea. According to Zenetos et al. (2006), only 60 macroalgae can
be considered as established that is “Introduced or feral population of species established
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in the wild with free-living, self- maintaining and self-perpetuating populations unsup-
ported by and independent of humans” (European Commission 2004).

Apart the species of Atlantic origin, the introduction of which even though favoured by
human activities falls within natural exchanges between the two basins, it is noteworthy
that due to global climatic change, the 55% of established alien macroalgae are warm
water affinity species. They belong to Circumtropical and Indo Pacific phytogeographic
elements and about the 25% of them came into the Mediterranean Sea through the Suez
Canal (lessepsian species). Moreover, it should be noted that most of the above species,
previously confined in the south and south-eastern areas of the Mediterranean Sea, are
extending their pattern of distribution towards central and northern areas of that Sea. Such
a behaviour, similar to that of not introduced species of warm water affinity (e.g. Caulerpa
prolifera), is as well linked to water warming in the Mediterranean Sea.

New taxa to the Science

Finally, minor changes in the biodiversity come from the description of new taxa. Since
1970s to 2006, 28 taxa at specific and infraspecific level were described from the
Mediterranean Sea. In particular 4 were described in 1970s, 4 in 1980s, 14 in 1990s and 6 in
2000s. Such a number, that seems very low, is instead quite significant since the Mediterranean
macroalgal flora was accurately studied by almost all ancient great phycologists. Moreover, it
is easily predictable that due to the progress in taxonomy and the consequent reassessment of
critical groups numerous new species will be described in the near future.

Conclusions

In conclusion, the macroalgal flora of the Mediterranean Sea has changed since 1970s
and is still changing at present. Such changes resulted, on the whole, in a slight increase of
the biodiversity (83 introduced and 28 new described species) and more significantly in an
enlargement of the distribution area of species with warm water affinity (both native and
introduced) and a reduction of the distribution area of cold water affinity species, due to
global climatic change. At local scale, major changes depend on anthropogenic distur-
bances mainly causing coastal pollution and resulting in both profound changes of the
structure of algal vegetation and a reduction of biodiversity.
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Abstract

Dell’Uomo, A. & Torrisi, M.: Freshwater algae and their use for safeguarding the
Mediterranean basin. — Bocconea 23: 93-105. 2009. — ISSN 1120-4060.

The Mediterranean Sea has limited extension and relatively closed nature. The rivers entering
it with their massive loads of organic matter, nutrients, and pollutants markedly influence the
coastal environment and open water. Italian rivers play a great role in this process and attentive
management of all the watercourses flowing into the Mediterranean will surely contribute to the
improvement of the marine environment. While an anthropocentric vision dominated past atti-
tudes toward rivers, seeing them as natural recipients for wastes of various origins, recent years
have seen the emergence of a progressive cultural maturation toward an ecosystemic vision that
values ecological functionality as the primary objective. Consequently, the traditional chemical
and physical analyses have been complemented with biological monitoring, as also requested
by the Water Framework Directive of the European Community (WFD 2000/60/EC). A role of
primary importance as biological indicators is played by rheophilous algae, which are very
common in all river habitats and represent, with their thallus completely immersed in the water,
the spy of all the vicissitudes involving the aquatic environment. Among the algae, diatoms are
preferred at present in the great part of European countries, because they react with higher sen-
sitivity to changes in water quality and their taxonomy and autoecology are very well known.
They afford in any situation a very elevated degree of precision in defining the level of pollu-
tion and/or the trophic state of a water body. Based on the sensitivity of diatoms to organic mat-
ter, nutrients and salt concentration, an index for monitoring rivers in Italy has been proposed
and tested in the last two decades: the EPI-D, i.e. the eutrophication and/or pollution index
diatom-based. It displayed a very good capacity for synthesis when compared with the most
important chemical parameters and the general situation of the rivers examined. Therefore, it
seems to represent a valid instrument for assessing the ecological status of running waters enter-
ing the Mediterranean, helping, in this way, to the control of its quality.

Introduction

The Mediterranean is a sea of limited extension and relatively closed nature. The rivers
entering it with their massive loads of organic matter, nutrients, and pollutants influence
the coastal environment and open water markedly, causing serious ecological deteriora-
tion, such as the well known phenomena of “red tides” and “dirty sea” or “mucilaginous
waters”. Without a doubt, Italian rivers play a great role in this process and attentive man-
agement of all the watercourses flowing into the Mediterranean will surely contribute to
the improvement of the marine environment.
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While an anthropocentric vision dominated past attitudes toward rivers, seeing
them as natural recipients for wastes of various origins, recent years have seen the
emergence of a progressive cultural maturation toward an ecosystemic vision that val-
ues ecological functionality as the primary objective. Consequently, the traditional
chemical and physical analyses used in the past for river management have been com-
plemented with biological monitoring, as stipulated in the Water Framework Directive
of the European Community (WFD 2000/60/EC), which among other requisites,
explicitly imposes classification of the ecological status of inland waters based on a
number of factors, including the vegetal component.

Among the vegetal component of watercourses, benthic algae certainly play a role of
primary importance as bioindicators, because they are very common in all river habitats
and, with their thallus completely immersed in the water, they represent the spy of all the
vicissitudes involving the aquatic environment.

Algae of Italian watercourses

In this paper, the main algae of Italian rivers are taken into consideration, with particu-
lar reference to the watercourses flowing from the central Apennine Mountains and enter-
ing the Adriatic Sea. Generalizing grossly, the hydrographic basin of these watercourses
may be divided into three main stretches, the upper, middle and lower, where, using an
adaptation and simplification of the longitudinal zonation of watercourses proposed by
[llies & Botosaneanu (1963), various biozones can be recognized.

The upper stretch generally lies above 500 m a.s.l. and includes the catchment area
(crenon) and the mountain torrents (epirhithron). The middle river stretch ranges from
500 down to about 100 m a.s.l. and flows through a hilly territory; the metarhithron and
hyporhithron zones follow each other from upstream to downstream along this distance.
The lower stretch lies below 100 m a.s.l. and is identifiable as the potamon stretch,
again divided into three zones: epipotamon, metapotamon and hypopotamon; but the
latter is not a typical freshwater zone owing to the ascent of the marine salt water. For
this reason, as a general rule, the lists of freshwater algae reported below do not con-
sider the hypopotamon zone.

The algae of running waters can be divided on the basis of their morphology into
macroscopic and microscopic species, being the latter essentially the diatoms.

Macroscopic or submacroscopic algae are here defined as all those forming a thal-
lus visible to the naked eye, thus unicellular colonial algae, simple or branched fila-
ments, and algae with vesicular, laminar, disciform, crustose, pad-like, or heterothric-
hous thallus, etc. Some of the most representative macroalgae of Apennine and Italian
rivers, in terms of qualitative and/or quantitative aspects, are reported in Table 1 with
their prevailing distribution along the hydrographic basin. In accordance with the clas-
sification of Lee (1999), they belong to the following classes: Cyanophyceae, or
Cyanobacteria, Chrysophyceae, Xanthophyceae, Phaeophyceae, Rhodophyceae,
Charophyceae, Chlorophyceae and Ulvophyceae.
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Figs 1-11. Diatoms that are characteristic of excellent water quality (mainly found in the crenon and
epirhithron zones). 1. Navicula striolata (Grunow) Lange-Bertalot. 2. Navicula jakovljevicii Hustedt.
3. Stauroneis anceps Ehrenberg. 4-5. Diatoma hyemalis (Roth) Heiberg, valve view and girdle view.
6. Neidium ampliatum (Ehrenberg) Krammer. 7. Cyclotella ocellata Pantocsek. 8. Diploneis elliptica
(Kiitzing) Cleve. 9. Diploneis ovalis (Hilse) Cleve. 10. Diatoma mesodon (Ehrenberg) Kiitzing. 11.
Achnanthes flexella (Kiitzing) Brun. Scale bar valid for all figures.

Diatoms (Bacillariophyceae) are unicellular, isolated or sometimes colonial algae,
e.g. Diatoma mesodon (Ehrenberg) Kiitzing. They are qualitatively dominant in rivers
and their distribution along the whole hydrographic basin is uninterrupted. Some of
the most characteristic diatoms of Italian rivers will be shown afterwards (Figs 1-49)
speaking about their use as bioindicators.
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Figs 12-21. Diatoms that are characteristic of good water quality (mainly found in the metarhithron
zone). 12. Navicula oblonga Kiitzing. 13. Cymbella prostrata (Berkeley) Cleve. 14. Navicula clemen-
tis Grunow. 15. Navicula splendicula Van Landingham. 16. Amphora copulata (Kiitzing) Schoem. &
Arch. 17-18. Rhoicosphenia abbreviata (Agardh) Lange-Bertalot, valve view and girdle view. 19.
Gomphonema truncatum Ehrenberg. 20. Pinnularia brebissonii (Kiitzing) Rabenhorst. 21. Navicula
bacillum Ehrenberg. Scale bar valid for all figures.

The role of algae for monitoring rivers

Methods for monitoring inland waters, and particularly rivers, using living organisms
started at the beginning of the 20" century with Kolkwitz and Marsson (1902,1908,1909),
followed, among others, by Fjerdingstad (1964, 1965) and Sladecek (1973). These meth-
ods aim to complement or sometimes even substitute chemical monitoring in order to
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Figs 22-29. Diatoms that are characteristic of mediocre water quality (mainly found in the
hyporhithron zone). 22. Gomphonema augur Ehrenberg. 23. Cymatopleura solea (Brébisson) W.
Smith. 24. Navicula rhynchocephala Kiitzing. 25. Navicula lanceolata (Agardh) Ehrenberg. 26.
Navicula capitata Ehrenberg. 27. Surirella brebissonii Krammer & Lange-Bertalot. 28. Cocconeis
pediculus Ehrenberg. 29. Diatoma vulgaris Bory. Scale bar valid for all figures.

assess the ecological status of water bodies. Some important arguments in favour of bio-

logical monitoring are the following:
1. Organisms have an holistic response to variations in water quality, which may be

missed by periodic chemical analysis;
2. Previous entrances of pollutants into flowing water cannot be revealed by chemical

analysis, but organisms can do it;
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Figs 30-37. Diatoms that are characteristic of bad water quality (mainly found in the epipotamon
zone). 30. Surirella ovalis Brébisson. 31. Nitzschia constricta (Kiitzing) Ralfs. 32. Caloneis amphis-
baena (Bory) Cleve. 33. Gyrosigma scalproides (Rabenhorst) Cleve. 34. Mastogloia smithii Twaites.
36. Cyclotella meneghiniana Kiitzing. 37. Navicula cuspidata Kiitzing. Scale bar valid for all figures.

3. Only qualitative and quantitative modifications that occur in biological communities
show the real impact of pollutants on the aquatic environment.

As a general rule, all the organisms living in a river may be considered as potential indi-
cators of its ecological quality; however, the advantages afforded by benthic algae are numer-
ous. They are present in rivers under a great variety of forms reflecting, with their thallus
completely immersed in the water, its physical properties and chemical composition. They

are more or less anchored to a substratum on which they remain for entire seasons, if not for
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Figs 38-49. Diatoms that are characteristic of very bad water quality (mainly found in the metapota-
mon zone). 38. Entomoneis paludosa (W. Smith) Reimer. 39. Navicula phyllepta Kiitzing. 40.
Navicula goeppertiana (Bleish) H.L. Smith. 41. Navicula seminulum Grunow. 42. Navicula accomo-
da Hustedt. 43. Navicula subminuscula Manguin. 44. Amphora veneta Kiitzing. 45. Navicula vene-
ta Kiitzing. 46. Nitzschia tryblionella Hantzsch. 47. Nitzschia calida Grunow. 48. Navicula pygmaea
Kiitzing. 49. Nitzschia clausii Hantzsch. Scale bar valid for all figures.

years, overcoming in one way or another unfavourable climatic conditions. Occasionally, as
in some rocky-bottomed mountains torrents, they are the only living presence.

Both macroscopic algae and diatoms may be utilized in assessing water quality, but
macroalgae are probably the more practical for monitoring shallow and transparent waters,
where they can be directly observed by the naked eye and often identified on the spot, e.g.
Phormidium autumnale, Nostoc verrucosum, Hydrurus foetidus, Bangia atropurpurea,
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Lemanea fluviatilis, Cladophora glomerata, Hydrodictyon reticulatum and others. In these
conditions, algal macrophytes are of great help for making a rapid, preliminary, but by no
means superficial assessment of the biological quality of the water. For this reason, a pre-
liminary index for monitoring rivers in Italy based on macroscopic algae was proposed by
Dell’Uomo in 1991, and improved in 1999. The use of macroalgae, however, is limited in
downstream areas, when they are often hard to observe and sample due to the depth and
turbidity of the water.

Diatoms do not have this restraint; on the contrary, they are present and suitable for sam-
pling in practically all river environments. In addition, they react with higher sensitivity to
changes in water quality; and their taxonomy and autoecology are very well known. Thus
they afford in any situation a very elevated degree of precision in defining the level of pol-
lution and/or the trophic state of a water body. At present, diatoms are by far the preferred
photosynthetic organisms for monitoring rivers in the great part of European countries.

A diatom index for assessing the ecological status of Italian watercourses

An index for monitoring Italian rivers based on diatoms has been proposed in the last
decade (Dell’Uomo 1996, 1999; Dell’Uomo & al. 1999; Torrisi & Dell’Uomo 2001), and
more recently improved and tested (Dell’Uomo 2004; Torrisi & Dell’Uomo 2006; Torrisi
& al. 2006). This index is essentially based on the sensitivity of diatoms to nutrients,
organic pollution and mineralization of the body of water, especially that caused by chlo-
ride, which in freshwater represents a powerful factor of mineral pollution. It uses the for-
mula of Zelinka & Marvan (1961): EPI-D =3 aj rj ij/ ) aj rj, where:

- EPI-D represents the overall eutrophication/pollution index of the station;

- aj is the relative abundance of the species involved,

- ij is the ecological “message” of the species, i.e. its integrated sensitivity to eutrophica-
tion and pollution;

- rj (=reliability) is the validity of this message, which is inversely proportional to the eco-
logical “range” of the species.

According to European Standard EN 14407 (Cen 2004), the relative abundance “a” of
a species consists of a typical count size of 300 to 500 units (generally 400), valves or frus-
tules; while a practical method used for attributing an integrated index of sensitivity “i” to
each taxon is summarized in Table 2, which also expresses the values of “r”.

With reference to the ecological factors involved in the index, the following authors
were above all followed: Lange-Bertalot (1979) and Sladecek (1986) for the system of
saprobity; Hustedt (1956), Van Dam & al. (1994) and Dell’Uomo (2004) for the system of
salinity; Hofmann (1994) and Van Dam & al. (1994) for the trophic system.

Sampling methods, i. e. the site selection and choice of substratum in the river, as well
as the methods for cleaning diatoms and preparing permanent slides for microscopic exam-
ination, are those recommended by the European Standard EN 13946 (Cen 2003).

At present, the most practical monograph for identifying freshwater diatoms is that of
Krammer & Lange-Bertalot (1986-1991), whose nomenclature is used in this paper.
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Table 2. Theoretical scheme showing the correspondence between various types of approaches to diatom
ecology and a practical method for attributing to each species the values of sensitivity and reliability: i
ranges from O for a very sensitive taxon, to 4 for a very tolerant taxon; r = 5 means an excellent
indicator (i), r = 3 a good indicator (i,), r = 1 a sufficient indicator (is). (From Dell’Uomo 2004).

Saprobic degree Halobic degree of the Trophic degree of the i. i i
of the species species environment r=>5 r=3 r=1
xenosaprobic halophobus hypotrophic 0

oligosaprobic oligohalobous exigent oligotrophic 1 . 1
-mesosaprobic oligohalobous tolerant mesotrophic 2 . 2
a-mesosaprobic halophilous eutrophic 3 22 3
polysaprobic B-mesohalobous hypertrophic 4 >

The resulting EPI-D value is a whole or decimal number between 0 and 4, whose pro-
gression is correlated with decreasing water quality. The proposed relationship, expressed
in five main classes, is the following:

0.0<EPI-D< 1.0 excellent water quality
1.0<EPI-D< 1.7 good water quality
1.7<EPI-D< 23 critical water quality
23<EPI-D< 3.0 bad water quality
3.0<EPI-D< 4.0 very bad water quality

The results falling within + 0.5 of the threshold values can be considered transition classes.

Some of the most interesting diatoms of the Apennine and Italian watercourses, grouped
on the basis of their sensitivity and prevailing presence in the various biological zones
above mentioned, are shown in Figs 1-49.

Monitoring of central Apennine rivers using the EPI-D index

During the monitoring of several central Apennine watercourses entering the Adriatic
Sea by means of the EPI-D diatom index, Torrisi & Dell’'Uomo (2006), Torrisi & al.
(2006), and Scuri & al. (2006) were able to assess their general situation and, in particu-
lar, to identify:

many sites with excellent or good water quality, not always upstream, that are worth
preserving, at least in their current status;

and a similar number of sites that are more or less damaged by anthropogenic activities
(sugar refineries, paper and shoe factories, leather tanning facilities, metallurgical and
mechanical industries, etc.), not always downstream, which need restoration.

The values of the EPI-D index, compared with some of the most important chemical
parameters (BODj, total phosphorous, mineral nitrogen, conductivity, chlorides, and sul-
phates) and the general situation of the rivers examined, such as their hydrological and
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geo-morphological characteristics and anthropological activities, clearly showed decreas-
ing biological quality when chemical parameters increased, indicating that the EPI-D
offers an excellent capacity for synthesis.

Comparisons between the results obtained by the EPI-D and other European diatom indices
always indicated very good correlation between them. Rimet & al. (2005), testing various
diatom indices in order to verify their response to simulated water quality improvements,
found that the EPI-D was among the European diatom indices that gave the best results.

All these reasons suggest that the EPI-D index represents a valid instrument for assess-
ing the ecological status of running waters.

Final considerations

The benthic rheophilous algae are not only very useful bioindicators of the ecological
status of rivers, which significantly impact the quality of the marine environment, but they:
- represent in rivers the first level of the trophic chain, just as the algae of plankton and

benthos do in lakes and seas, and serve to elaborate unsaturated fat acids, e.g. omega-3;
- contribute, as efficient photosynthetic organisms, to the enrichment of waters in oxygen;
- and provide an important part of the earth’s biodiversity. Unfortunately, many that require

pure water quality, such as the rheobenthic and xenosaprobic Diatoma hyemalis (Roth)

Heiberg and Achnanthes flexella (Kiitzing) Brun, are in serious risk of extinction,

owing to advance of anthropogenic activities further and further upstream.

The presence of benthic algae in rivers, although necessary, should nevertheless be
qualitative and not quantitative or, in other words, moderate, because an exaggerated pres-
ence indicates eutrophication and is generally due to a massive entrance of nutrients and
organic matter into the body of water. Excessive poverty of species, or their complete lack,
on the other hand, is symptomatic of pollution and extreme environmental decay.

It follows that a shrewd management of aquatic resources is well served by the use of
biological monitoring with algal indices, in accordance with the above-mentioned
Directive of the European Community. With their great confidence in algal indices, Italian
biologists serving the regional agencies for environment protection (ARPA) began moni-
toring rivers with the EPI-D index long before the WFD was applied in Italy.

A good management of the rivers entering the Adriatic Sea, also by means of algal indices,
would contribute remarkably to the improvement of this damaged sea, once called “Mare nos-
trum” by ancient Romans, but now, in the “Age of Globalization,” a good for all humanity.
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Abstract

Heywood, V.: Introduction: perspectives for economically important wild species and neglect-
ed crops in the Mediterranean. — Bocconea. 23: 107-114. 2009. — ISSN 1120-4060.

The Mediterranean region is one of the major centres of origin and diversification of cultivat-
ed plants and many crop wild relatives are found there. In addition, many native species are still
widely harvested from the wild for food, medicine and other uses and some of these have poten-
tial for development as alternative crop especially in marginal zones. While there have been
several recent initiatives that address the cataloguing and conservation of these species, such as
the Network on Identification, Conservation and Use of Wild Plants in the Mediterranean
Region (MEDUSA and the Bioversity International (IPGRI) studies on Underutilized
Mediterranean Species (UMS), no comprehensive assessment has yet been made and little work
undertaken on their agricultural potential. It has been confidently predicted that consequences
of global change in the Mediterranean region — population movements and migrations, changes
in disturbance regimes, and climate change — will be serious. One the one hand, this will affect
the survival prospects of many of these underutilized species and on the other hand it will
enhance their importance as the source of potential new crop germplasm The conservation and
availability of genetic diversity of both crops and underutilized species is essential if we are to
be able to meet the increasing demand for food and other crops that will be adapted to the new
ecoclimatic envelopes that will develop in the region as a consequence of global change. The
rapid rate of climatic and other change that is expected adds urgency to the task of assessing,
conserving and sustainably using this rich diversity of wild species of economic value in the
region but new strategies will be need to be developed to achieve this. The Mediterranean
region has the potential of becoming a major source of new crop development in the coming
decades.

Mediterranean cornucopia

The Mediterranean region is one of the major centres of origin and diversification of
cultivated plants (Harlan 1995) and many crop wild relatives are found there (Kell & al.
2005; Maxted & al. 2007). In addition, many native species are still widely harvested from
the wild for food, medicine, essential oils, ornamentals and other uses and some of these
have potential for development as alternative crop especially in marginal zones. The num-
ber of species involved is not fully known although Rivera & al. (2006) estimate that
¢.2,300 plant or fungal taxa are gathered and consumed in the Mediterranean region. The
region is also home to a number of crops that were formerly widely cultivated but are now
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largely neglected (Hernandez Bermejo & Ledn 1992) although some of them, as other

papers in this symposium indicate, are attracting renewed interest.

There is an extensive literature on the use of wild plant species in various countries
of the Mediterranean, especially in Greece, Italy Turkey and Spain and while there
have been several recent initiatives that address the cataloguing and conservation of
these species, such as the Network on Identification, Conservation and Use of Wild
Plants in the Mediterranean Region (MEDUSA) (Skoula & Johnson 2005) and the
Bioversity International (IPGRI) studies on Underutilized Mediterranean Species
(UMS), no comprehensive assessment has yet been made and little work undertaken
on their agricultural potential.

The MEDUSA Network of Useful Plants of the Mediterranean Region was established
by CIHEAM-MAICh, with the support of the European Union Directorate General I, for
the identification, conservation and sustainable use of the wild plants of the Mediterranean
Region. The Network comprises National Focal Point Coordinators from the countries of
the region and also includes representatives of international organizations. The objectives
of the network were (Heywood & Skoula 1999):

— The identification of native and naturalized plants of the Mediterranean Region, accord-
ing to use categories such as food, food additives, animal food, bee plants, inverte-
brate foods, materials, fuels, social uses, vertebrate poisons, non-vertebrate poisons,
medicines, perfumery and cosmetics, environmental uses, and gene sources.

— The creation of a Regional Information System that will include: scientific plant name
and authority, vernacular names, plant description, chemical data, distribution, habi-
tat description, uses, conservation status, present and past ways of trading, market-
ing and dispensing, and indigenous knowledge (ethnobiology and ethnopharmacolo-
gy), including references to literature sources.

— Preliminary evaluation of the conservation status and potential utilization in agriculture
of these plants as alternative minor crops.

The MEDUSA project gathered information on wild food and non-food plants of the
Mediterranean region on a country-by-country basis and stored it in a specially designed elec-
tronic database (Skoula & al. 2003). In addition, two regional workshop volumes were pub-
lished containing series of papers on the wild plant resources of Algeria, Egypt, France, Greece,
Italy, Morocco, Portugal, Spain, Syria, Tunisia and Turkey (Heywood & Skoula 1997, 1998).

The MEDUSA process remains valid and it would be highly desirable to complete the
database.

Recently, work on economically valuable wild plant species in the Mediterranean
region has addressed not just ethnobotanical issues such as listing the species and their uses
(e.g. Fajardo & al. 2000; ) but has increasingly focused on the nutritional and health
aspects of wild foods (Heinrich & al. 2006).

A major EU-sponsored project “Local Food-Nutraceuticals” (LFN) involved specialists
in fields such as ethnobotany, pharmacognosy, pharmacology and nutritional studies from
the UK, Germany, Poland, Spain, Italy, Switzerland and Greece (Heinrich & al. 2005).
They formed a consortium whose goals were:

— Ethnobotanical documentation of food products of selected communities in southern
Italy, Spain, Greece including Crete.
— Comprehensive understanding of the social, cultural, economical framework of local food use
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—Identification of active extracts/pure compounds (leads for new health food supplements)
— Biochemical/pharmacological in vitro mechanisms/in vivo effects of selected species
— Dissemination of ethnobotanical information in local/national languages

The concept of ‘Local Food’, according to Rivera & al (2005) involves the whole reper-
toire of species that characterize the local diet. This includes local cultivars and non-culti-
vated wild-gathered food plants

This group of plants has attracted considerable attention recent years as it has been asso-
ciated with the so-called Mediterranean diet (Keys & Keys 1959) or more properly diets
that are rich in fruit, vegetables, legumes and olive oil, as well as fish and poultry, but low
in meat and animals fats (Heinrich & al. 2005; Romano 2005). Of particular interest are
the so-called ‘wild greens’ which are considered in detail below. The term ‘Local food-
nutraceuticals’ is applied because of the health benefits conferred by consuming some of
these plants.

Diets and lifestyles are, however, changing rapidly in many parts of the Mediterranean
region and documentation and publication of information on these locally used plant diet com-
ponents is of great interest and, as Heinrich (2001) notes, not only a record of earlier times but
of importance for any project interested in the sustainable development of the region.

Changes in diet of poor communities in the Lebanon, which rely increasingly on refined
cereal grains instead of a more balanced traditional diet, has lead to an increase the rates
of cardiovascular disease and diabetes. An IDRC project ‘Promoting Dietary Diversity in
Poor Communities of Lebanon’ is addressing this issue and problems of chronic undernu-
trition in the region by promoting the preservation and sustainable use of wide diversity of
wild edible plants and local food systems at the national and regional level. Modern agri-
cultural practices and the reliance on monocultures, the heavy use of pesticides and chang-
ing land tenure regimes and the loss of traditional knowledge about their uses, has led to a
decline in the wild- harvesting and use of these native plants.

Traditional leafy vegetables or ‘wild greens’

The consumption of traditional leafy vegetables (‘wild or leafy greens’) is receiving a
great deal of attention in tropical countries (Chweya, J.A. & Eyzaguirre 1999) but they also
represent a valuable resource in the several Mediterranean countries such as France, Greece,
Italy, Spain and Turkey. They are important for human nutrition and can supply most of the
necessary daily requirements for vitamins A, B complex and C and supply minerals and trace
elements. They may sometimes even be better nutritionally than introduced cultivated veg-
ctables. As noted above, they play a role in the so-called Mediterranean diets.

Detailed inventories of the species involved are known from only a few countries in the
region. They are especially important in Greece (‘xorta’), especially Crete where over 92
wild greens have been catalogued (Stavridakis 2006) and several studies published, and in
others islands such as Corfu, Cyprus (Della & al. 2006), Sicily and Sardinia. In Sicily, Lentini
& Venza (2007) report that 188 wild species used in the traditional Sicilian cuisine and Table
1 in their paper lists these species, indicates which parts of the plant are used and gives details
of how they are used, prepared or cooked.
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Often these wild greens form part of relict traditional cultures as in three Arbéresh ethnic
Albanian communities in southern Italy where 130 non-domesticated food vegetables
(‘liakra’), mostly gathered during the spring season, play a central role as traditional func-
tional food (Pieroni 2002) and in the Graecanic area of Calabria in southern Italy which is
part of the cultural and linguistic heritage of the Magna Graecia and the later Byzantine
Empire (Nebel & al. 2006; Heinrich & al. 2005). Here the villagers in the area have retained
many aspects of this cultural heritage, including their own language Grecanico, in which wild
edible greens are called ‘ta chorta’. More than 40 wild food species are regularly harvested.
In Turkey, Ertug (2004) notes that wild plant gathering for food and other needs is an ongo-
ing tradition and a common practice throughout Anatolian Turkey.

The range of species used as wild greens is remarkable and includes species that one
would not normally associate with food. An example is parasitic Cytinus hypocistis, which
grows on the roots of Cistus monspeliensis. According to Ertug (2004) some of the villagers
in the Bodrum area of Turkey remembered it as a very good sweet and 20-25 years ago they
also used it as glue. The fleshy and scaly red and yellow flower heads of this parasite are
known as edible in Greece, and have been used as a medicinal (Baumann, 1996).

From a conservation and sustainable use point of view, little is known of the amount of
material that is harvested from the wild or of the effect on the populations of the species con-
cerned.

Some of these species are threatened by alien invasive species such as in Crete where the
greatest threat comes from Oxalis pes-caprae (Stavridakis 2006) which is the commonest
naturalized species on the island and covers large areas of olive groves throughout most of
the year and is visible from space (Rackham & Moody 1996).

Many of the species used as wild greens also have medicinal properties so that there is a
considerable overlap between these two categories of plants. For example, in a study of the
wild edible plants of the Bodrum area (Mugla) in Turkey, Ertug (2004) noted that over a
quarter (35 or 25 %) of all taxa recorded as edible are also considered medicinals, thus indi-
cating a close relationship between health and nutrition. She gives as an example, the sting-
ing nettle Urtica dioica which is one of the most commonly used greens, and also considered
one of the most commonly used medicinals. The Mediterranean region is rich in medicinal
and aromatic plant species which have been widely reported on in the literature and will not
be considered further here.

Ornamentals

Ornamentals are a major group that is often overlooked or at least underestimated in con-
siderations of the uses of wild plants. Many species of Mediterranean origin are included in
the thousands of species grown as ornamentals in parks and in public and private gardens and
in the horticultural trade: notably leguminous shrubs such as Coronilla, Cytisus, Genista,
Retama, Spartium and allied genera, aromatic Lamiaceous shrubs such as Calamintha,
Satureja and related genera, Rosmarinus, Thymus etc. and Cistaceous shrubs including
Cistus, Fumana, Halimium and Helianthemum. Another important source of ornamentals is
the bulbs and corms such as Crocus, Cyclamen, Narcissus, Galanthus, Tulipa and Muscari
(Baser 1997, see Table 1), which are the subject of trade, largely uncontrolled, and export,
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much of it illegal although efforts are being made to encourage indigenous bulb propagation
for export (Entwistle & al. 2002) .

On the other hand, the Mediterranean region still houses a large number of species that show
considerable potential for introduction as new ornamentals. This is especially true of the east-
ern Mediterranean where intensive work is being undertaken in introducing new wild species
into cultivation. For example, in Israel, recently introduced species include geophytes:
Oncocyclus irises, Uriginea maritima, Scilla hyacinthoides, annuals: Lupinus pilosus and
Centaurea crocodylleum; and herbaceous perennials: Eremostachys laciniata and Helichrysum
sanguineum (Halevy 2000). Turkey, has long been known as a source of garden ornamentals
(Harvey 1976) including the geophytes already mentioned but partly because of its very rich
flora and partly because it is less well explored than many other parts of the Mediterranean,
remains a promising new source of wild species with horticultural potential (Arslan 2004).

Effects of global change

It has been confidently predicted that consequences of global change in the Mediterranean
region — population movements and migrations, changes in disturbance regimes, and climate
change — will be serious. One the one hand, this will affect the survival prospects of many of
these underutilized species and on the other hand it will enhance their importance as the
source of potential new crop germplasm. The effects of these changes on those species that
are currently wild-harvested cannot be predicted with any degree of certainty at this stage.
However, if we are to be able to meet the increasing demand for food and other crops that
will be adapted to the new ecoclimatic envelopes which will develop in the region as a con-
sequence of global change, much more research is needed into ecoclimatic/bioclimatic mod-
elling (Jarvis & al. 2008) and then applied to a wide range of potentially vulnerable species.

Some of the possible consequences of climate change on the biodiversity, flora and veg-
etation of the Mediterranean basin are reviewed by Médail & Quézel (2003) and Gavilan
(2003). The rapid rate of climatic and other change that is expected (SEG 2007) adds urgency
to the task of assessing, conserving and sustainably using this rich diversity of wild species
of economic value in the region but new strategies will be need to be developed to achieve
this (Heywood 2007b). The Mediterreanean region has the potential of becoming a major
source of new crop development in the coming decades. This makes it all the more urgent to
take steps now to assure the conservation and availability of genetic diversity of both crops
and underutilized species.

Water shortages. Water shortage and land degradation have become major threats to the
sustainability of the seminatural and cultivated ecosystems in the Mediterranean and pastures
and grazing lands are particularly susceptible. A recent WWF report on drought in the
Mediterranean (, estimates to become worse and more frequent in the coming years as a con-
sequence of climate change, warns of the need to avoid unsustainable management of water
such as increased irrigation in responses to EU subsidies and wasteful low efficiency irriga-
tion in non-EU countries.

Again, the consequences on plantlife and especially on crop wild relatives, medicinal and
aromatic plants and those used as wild greens and other food, needs to be assessed as a mat-
ter of some urgency



112 Heywood: Introduction: perspectives for economically important wild species ...

Neglect of economically important wild species

Despite their undoubted value, many economically wild plant species are still over-
looked or neglected by the agricultural and development communities (Heywood 2006,
2007a) because of
— a lack of information about the extent of their use and importance to rural economies
— a lack of information, especially statistics, concerning their economic value
— a lack of information and reliable methods for measuring their contribution to farm

households and the rural economy
— the lack of wider markets, except for a small number of products
— the irregularity of supply of wild plant products
— the lack of quality standards
— the lack of storage and processing technology for many of the products
— the availability of substitutes
— the bias in favour of large-scale agriculture

Conclusions

The Mediterranean houses a diversity of wild plant species that have the potentiality of
improving nutrition, contributing to food security, providing medicinal and aromatic
species, enhancing crop germplasm suitable for withstanding stress conditions, creating
new markets and increasing incomes. Many new ornamental species are suitable for intro-
duction into the horticultural trade.

The widescale ecoclimatic and social changes that are anticipated as a result of global
change over the coming decades makes it urgent that steps should be taken now to preserve
this important and valuable heritage, both for the benefit of local communities both with-
in the Mediterranean region and further afield.
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The Al-Andalus was a territory dominated by Hispano-Arabic culture but also a dynamic
historical process which is crucial to understanding the history of the introduction, domes-
tication and dispersion of many crops in Western Europe. Many oriental species arrived
during this time, or, if known previously, they were consolidated as Iberian crops. The
diversity of these species is very extensive: rice, sugar cane, cotton, sorghum, aubergine,
cucumber, artichoke, spinach, hemp, safflower, taro, liquorice, citron, lime, lemon, bitter
orange, banana trees, mulberry trees, etc. But many others were firstly introduced or
domesticated, then cultivated, but, finally, neglected or marginalized.

The marginalization, neglect, and loss of crops have been frequent phenomena throughout
the history of humanity, especially in periods of cultural, economic, or political clashes
between different ethnic groups, cultures, and religions. Many Andalusi agricultural
species were lost after the progressive reduction in territory, the fall of the Nazari kingdom
after the end of the 15™ century, the persecution of Andalusi culture and agriculture by the
new Christian kingdom and the Inquisition, and, finally, due to the expulsion of the
Moslem converts at the end of the 16 century. The arrival of new species and crops from
America also contributed to this process negatively, although on the other hand, the trans-
port and agricultural transculturation from Spain to America partly saved the germplasm
and the traditional knowledge associated with these crops.

Among the numerous species of al-Andalus agriculture still marginalized or neglected
today, we can cite: Myrtus communis (as a fruit tree), Ficus sycomorus, Argania spinosa,
Morus alba, Sorbus aria, S. domestica, Ziziphus jujuba, Citrus medica, Eleagnus angusti-
folia, Crataegus azarolus, Hibiscus esculentus, Silybum marianum, Smyrnium olosatrum,
Ocimum basilicum, Coriandrum sativum, Lagenaria siceraria, Atriplex hortesis, Viola sp.,
Chenopodium vulgare, Rumex spp., Lathyrus spp., Vicia spp. and Vigna unguiculata.
Several species have been recently recovered, and, to a certain degree, their importance
renewed, generally due to reasons which differ from a reflective review of the marginal-
ization process; among these are, Eruca vesicaria subsp. sativa, Scolymus hispanicus,
Borago officinalis, Punica granatum, Celtis australis, and Pistacia vera.

This work will examine the causes of this lost crop process, and the variety of neglected
species, based on a comparative review of the works by Andalusi agronomists and botanists
with the prior works by Greek, Roman, and Byzantine authors, as well as the agricultural
catalogues and treatises subsequent to the 15% century.



116 Hernandez Bermejo: Neglected crops of Al-Andalus

Introduction. Causes and processes

The marginalization, neglect and loss of crops have been frequent phenomena
throughout the history of humanity, especially in periods of cultural, economic, or politi-
cal clashes between different ethnic groups, cultures and religions. The term “neglected
species” refers to that species which, having been the object of cultivation after a more or
less intense domestication of its wild ancestors, becomes abruptly or gradually neglected
until it finally disappears from the agricultural catalogue of a country or region. These
species often become weeds of other crops, or they are conserved in other countries, some-
times with clear transculturation processes. After some time, it is possible for these crops
to recover their initial economic interest or respond to new social and cultural frameworks,
which permit their recovery.

Marginalization causes can be diverse, among them: a) loss of competitiveness of
these species compared with other more productive ones, implying a reduction in their eco-
nomic or usefulness interest; b) slow and gradual changes in custom, food habits and ways
of life, which do not respond to concrete reasons; ¢) competition established by economic
or political interests beyond the reference region and culture; d) religious or cultural per-
secution generally related to the previous reason; e) disappearance of ethnic groups that
understood the techniques and uses of the plants as well as their cultivation methods.

This work aims at recovering the lost component of Andalusi agriculture diversity,
which was later neglected or even persecuted after the 15" century with the new Catholic
Monarchs [Fernando and Isabel] reigning in Spain. This work examines certain species in
particular, analysing the causes and processes that provoked this marginalization, based on
a comparative review of works by Andalusi agronomists and botanists with the prior con-
tribution of Greek, Roman and Byzantine authors, as well as the agricultural catalogues
and treatises subsequent to the 15t century.

Al-Andalus was the Iberian territory dominated by Hispano-Arabic culture during the
Middle Ages. Its surface area progressively diminished from the 8" until the 15" Century
and it was not equivalent to any constant area or even to a specific time period in the past.
From an ecological point of view, al-Andalus lands mainly occupied the Mediterranean cli-
mate area of the Iberian Peninsula, both in their continental expression with cold winters
and hot, very dry summers (La Mancha, Extremadura, Aragon, Sistema Ibérico and the
Bétic and Penibétic Mountains), and in their gentler variants due to their proximity to the
Mediterranean with no winter freezes (Levante, and east coast districts of present-day
Andalusia) or to the influence of the humid Atlantic Ocean in the most western areas
(Guadalquivir valley, foothills of Cadix, Algarve, Alentejo and the coastal part of Beira).
These warmer climes permitted the introduction of highly diverse Eastern and African
species, some of them even coming from subtropical environments. In the eastern half of
al-Andalus there was a predominance of calcareous soils, and, in its northeastern region
(Sierra Morena, Extremadura), of siliceous soils from the Hercinic mountain ranges.

Above all, Al-Andalus was a dynamic historical process which is crucial to under-
standing the history and essence of Europe. Life during this period was strongly influenced
by the East-Mediterranean and North African cultures via the strong Islamic dominance
which merged with the deeply rooted Hispano-Roman culture, which had survived during
the Visigothic era and which had also received eastern influences from the Phoenician
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world, Classical Greece, Carthage, and, very especially — although it is less mentioned —
from Byzantium, the latter influence acting both before and during the Hispano-Arabic
period. In short, al-Andalus was the consequence of the Hispano-Roman times, and, to a
lesser degree, of the Visigothic period, but its roots came from the Eastern Roman Empire
of Byzantium (Gonzalez-Ferrin 2007). Al-Andalus stimulated and experienced an authen-
tic cultural, artistic, scientific, and even religious Renaissance, which took place several
centuries before the Renaissance in the rest of Europe. It was a period of tradition-based
innovation.

From an agricultural perspective, or, better still, from the usage and knowledge of
plants, these same guidelines have been observed. Many eastern species arrived, or, if they
were known previously, they were consolidated as Iberian crops. Others were the object of
intense foreign trade. The list of these species is a very long one: rice, sugar cane, cotton
plants, sorghum, aubergine, cucumber, artichoke, spinach, sweet melons, hemp, safflower,
taro, liquorice, tiger nut, ginger, aloe, citron, lime, lemon, bitter orange, banana tree, judas
tree and paradise tree, etc.

Unfortunately, many Andalusi agricultural species were lost after the progressive
reduction in territory, the decline of the Nazari kingdom at the end of the 15" century, the
persecution of Andalusi culture and agriculture by the new Christian kingdom and the
Inquisition, and, finally, due to the expulsion of the Moslem converts after the end of the
16" century. The arrival of new species and crops from America contributed negatively to
this process but, on the other hand, the contact with the New World was positive, since the
transport and agricultural transculturation from Spain to America partly saved the
germplasm and the traditional knowledge associated with Andalusi crops. In many cases,
Spanish colonists imported and conserved species, techniques, and uses of this agriculture
into America.

ANDALUSI AGRICULTURE

The Andalusi, besides enriching and consolidating cultural and agricultural Iberian bio-
diversity, improved watering, fertilization, and pest propagation control techniques. They
also developed new ways of using plants, which gave rise to a special gastronomy and
enriched Spanish and other Romance languages with countless parallel terms related to
plant description and use. This contribution was consolidated in spite of: 1) the simultane-
ous process of the official persecution of their ways of life and the burning of their books,
triggering the loss of a large part of their ethnobotanical heritage, and 2) their definitive
expulsion one century later, after the Capture of Granada by the Catholic Monarchs.

The important role that this cultural and historical period played in the introduction and
consolidation of many crops is well known; they not only transformed the Western
Mediterranean and Iberian agriculture, but also managed to travel to America via Spanish
colonization. This is the case of many herbaceous species such as rice, sugar cane, hemp,
Asian cotton, African bean, aubergine, spinach, melon or cucumber, and woody species i.e.
citrus fruit trees, chinaberry trees, camphor trees, pepper trees and many other food and
medicinal species, spices, and fruit trees.
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Working method. Sources consulted

This work has been possible thanks to the experience acquired during twenty years
by the multidisciplinary team of agronomists, botanists and Arabists who worked in the
project “Andalusi Crops Flora”, which has already been the source for several publica-
tions. (Carabaza 1988; Carabaza & al. 1998, 2001, 2004; Garcia-Sanchez & al. 2008:
Garcia-Sanchez & Hernandez-Bermejo 1995, 2007; Hernandez Bermejo 1990;
Hernandez-Bermejo & Garcia-Sanchez 1988, 1998, 2000, 2008, 2009; Navarro &
Hernandez Bermejo 1994). This work is the result of information gathered from
Andalusi agricultural treatises (eight in all), as well as the first of the agricultural cal-
endars drawn up in al-Andalus, the Calendar of Cérdoba (Kitab al-Anwa, a work from
the 10" century written by Arib b. Sa,id).

The following agricultural treatises, in chronological order, have been used for the draft-
ing of this work:

Kiab fi Tartib awqat al-girasa wa-l-magrusat, an anonymous treatise from the 10t-11t%
centuries.
al-Mugni, fi l-filaha, whose edition was first attributed only to the agronomist Ibn Hayyay

(11t century), but also contained the agricultural treatise by Ibn Wafid (11% century).
Kitab al-Qasd wa-Ibayan by Ibn Bassal (11% century).

Zuhrat al-bustan wa-nuzhat al-adhan, by the agronomist al-Tignary (11" and 12% cen-
turies).

Kitab al-Filaha by Ibn-al,Awwam (12" and 13™ centuries).

Kitab Ibda, al-malaha wa-inha, al-rayaha fi usul sina,at al-filaha, agricultural poem by

Ibn Luyun (14™ century).

The botanical work attributed to the agronomist Abu 1-Jayr, Umdat al-tabib fi ma,rifat
li-kull labib, should be added to the list above. This is probably the richest and most inter-
esting botanical work known so far. It has recently been translated with enormous effort
from its editors and translators, but the species identification cannot be accepted without a
previous botanical contrast. As a consequence of directly consulting the original text,
which is of great value due to the author’s exhaustive morphological description as well as
some precise ecological requirements and geographical location of the plant, it has been
possible to identify some of the more uncertain species, and the mention of some others,
not identifiable only through agronomical treatises, has been verified. In some other occa-
sional cases, works by physicians and pharmacists such as Maimonides and Ibn al-Baytar
have been consulted.

As indicated above, the authors consulted are not the only contemporaries of the peri-
od considered. In order to have a complete perspective of the history of the introduction,
consolidation and, in this case, the falling into oblivion of the crop species, other texts have
been reviewed, such as the Historia Naturalis by Theophrastus or Plinius, the De Materia
Medica by Dioscorides, the Agricultural Treatises by Columella, Casiano Baso and
Palladio, or the Ethimology by Isidoro de Sevilla, which permits the coverage of the mil-
lenium previous to the birth of al-Andalus, in the Mediterranean West. Some of these
texts, and very specially the works of Dioscorides, had an enormous repercussion on the
botanical knowledge applied in al-Andalus. The Materia medica by this author was trans-
lated from Greek into Arabic in the 10th century in the geographic and cultural setting of
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the Caliphate of Cérdoba, and this Arabic version was disseminated throughout most of the
Western Mediterranean. In our case and work, consulting these Roman, Greek and
Byzantine authors has enabled us not only to complete the history of the crops coming
from the East, but also to even help us to identify many of them since the Andalusi agron-
omists read, copied and spread much of their knowledge.

We have also included data from our experience of the study of relictic localities of
introduced species, still located around significant archaeological sites such as Madinat al-
Zahra, the caliphal city from the 10" century on the outskirts of Cordoba, as well as data
from an archaeo-palinologic survey implemented on the same site (Hernandez-Bermejo
1987, 1991; Martin-Consuegra & al. 1995, 2000a, 2000b).

Neglected andalusi species. Some case studies

Lignous crops, Conifers:

The absence of any clear forest concept among the Andalusi agronomists does not pre-
vent them from showing interest in many tree species, including certain conifers such as
pines, cypresses and cedars. They also mention other species nowadays neglected by for-
est interests such as junipers (Juniperus spp., Juniperus oxycedrus), and especially yews
(Taxus baccata), “whose seedlings are brought from the mountains at the beginning of
February, and they are planted in holes three spans deep” and which are mentioned for
being used in the making of objects such as cups, glasses, bowls and other household stuff
(Abu al-Jayr). The araar (7Tetraclinis articulata) is nowadays almost extinct in the Iberian
Peninsula.

Ligneous Angiosperms (fruit trees species and other culinary species)

Many species of trees,which were cultivated for their fruits, oils, timber, spices or even
for their medicinal uses, have completely disappeared from the al-Andalus landscape. An
example of this case is the “sebestén” (geiger tree, Cordia sebestena), a very valuable tree
due to its integral use (fruit, leaves, roots, timber, etc.). Other examples are Tamarix aphyl-
la, Caesalpinia sappan, Argania spinosa, Ficus sycomorus, Lawsonia inermis,
Liquidambar orientalis or the storaxes Styrax officinalis and S. benzoin.

Other species were marginalized until they almost disappeared as crops, such as
Pistacia vera, Ziziphus jujuba, Z lotus, Citrus medica or Crataegus azarolus. Certain
autochthonous species of the Andalusi flora have been cultivated for their ornamental uses,
others being forgotten such as culinary, cosmetic, dyeing or medicinal substances. For
example, this is the case of Myrtus communis or Berberis vulgaris. Some allochthonous
species were very important in agriculture, gardening and landscapes of al-Andalus and
they have remained irrevocably linked to them because of their escape to wild localities
but meanwhile they remain as a neglected or marginalized crops, among these are: Celtis
australis, Ceratonia siliqua or Rhus coriaria. The mulberry tree, Morus alba, was even the
object of a political-religious persecution during the 16" and 17t centuries. Finally, other
species were intensely used as fruit trees, but are only partly exploited nowadays, for
example, Punica granatum, Ficus carica or Cydonia oblonga.
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Myrtus communis L.

A circum-Mediterrranean species present in all of the Iberian Levante, the southern half
of the Iberian Peninsula and the Balearic Isles. It forms part of the scrubland proceeding
from the degradation of the schlerophyllous Mediterranean forest under gentle climates
free from heavy freezes, on fresh soils in which the summer drought is dampened. In al-
Andalus it was a well known ornamental element in Andalusi gardening. “It is planted next
to the orchard gate or to the zafariche”. In some cases it is inevitably linked to Andalusi
toponymy and historical architecture (Patio de los Arrayanes-myrtles- in the Alhambra of
Granada). But myrtle was also cultivated for its culinary, medicinal, cosmetic, craft and
insecticidal uses among many others.

Regarding its culinary uses, Andalusi agronomists mention a “very rich and nutritive
bread” made with its grain — probably referring to its fruits. Agronomists do not mention
the consumption of its fresh fruits or the possibility of being used for making jams or
syrups, but these uses are known from other sources. Leaves and seeds are mentioned for
having cosmetic and probably deodorant properties, as indicated by more modern authors
(Quer, in Font Quer, 1959 and Lopez Gonzalez, 1982), who tell us that leaves are applied
in groins and armpits to avoid bad odours. Its cosmetic properties were also well known;
according to Ibn al-,Awwam, it was used in treatments against dandruff and to darken the
hair, and he also mentions a new and amazing way to apply the juice of its leaves as oph-
thalmic eye drops: “it makes blue eyes become black”. This same juice mixed with wine,
relieved tarantula and scorpion bites, which implies antihistaminic properties.

Medicinal uses of the myrtle have been known for a long time (Dioscodrides) to be
deodorant, antiseptic, anti-catarrhal, balsamic, astringent and sedative. All these properties
are due to its essential oils and its high content in tannins. In the same sense, Isidoro de
Sevilla (1982) wrote that “medicine books teach us that this tree is appropriate for numer-
ous women’s necessities”. The hispanoarabic agronomists also mention insecticidal,
antiparasitic (chicken lice) and phytosanitary properties (possibly against fungal diseases
in vines and palm trees), as well as its “juice” (that is, its essential oils) as having an attrac-
tive capability for bee hiving. Unfortunately, they do not mention its use as a tanning sub-
stance, due to the high percentage of tannins in its leaves and stems. However, in this
respect, the mention of this use by Laguna (1890) in his Flora Forestal has always been
well known, neglected or marginalized but the Andalusi agronomists do not say anything
about the quality and use of its timber either, although it was appreciated by carpenters and
turners, something also referred to by Laguna (1890).

With regard to the variability of this species, our Andalusi authors agree on the existence
of wild varieties, as well as other cultivated (garden) ones, whose mention cannot be over-
looked. They are not likey to be referring to any different species, and so this mention is
indicative of the process and degree of domestication that this species acquired at that time.

Celtis australis L.

A Mediterranean species of a doubtful authochtonous nature in the Iberian Peninsula,
where it appears in ravines and borders always related to former human settlements since
it was always highly appreciated for its wood. Indifferent to edaphic status, it prefers
loose, fresh and deep soils. This tree was widely cultivated as an ornamental, fruit-bearer
and especially for its timber, which was very useful in water management. Andalusi agron-
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omists highlighted its great virtues. It was planted near boundaries, hedges, walls and
water pipes. It was valued not only because of its shade, beauty and fruits, but also for its
pliable and flexible timber, good for turning, and hard and resistant to rotting. All these rea-
sons made it valuable for all kinds of craft activities, mainly for making pitchforks, oars,
wheels, buckets, rims and other devices to convey water, such as mills. The ‘Umda
includes the name balubunuh, a term derived from Roman “good stick”, alluding to the
good quality of its timber. In fact, mulberry trees have been one of those most highly
appreciated trees in al-Andalus gardens, farmhouses and agricultural lands, and they are
indelibly linked to many of their archaeological and historical remains (for example,
around Madinat al-Zahara, in Cérdoba), where they mark the layout of water ditches and
channels, of roads and boundaries. Other less known uses are also mentioned, for example
the use of their ashes for drying and preserving grapes.

Rhus coriaria L.

In the Aramaic language, sumagq designates the colour “dark red” and the sumac berries.
The name was transported to European languages via Arabic as-summaq [\Joeld]
“sumac”. This species probably arrived in the Iberian Peninsula under Arab influence, and
its cultivation became very extensive in al-Andalus. Some vestiges have remained after
populations of sumac were established in the wilds in several places in the Iberian territo-
ry, especially in Castilla - La Mancha, Levante and Andalusia (Subbético de Cérdoba and
Sierra Bermeja, for example, where they characterise the landscape). It was probably eco-
nomically important, especially being used as a tanning substance due to its high tannin
content. During summer, this plant’s branches were cut, dried for a couple of days and tied
into bundles, then ground with animal-drawn rollers.

Sumac was also employed as a dye, using its leaves and young stems to obtain a green-
ish yellow dye, its roots cork red dye and its fruit brown, black and grey dyes (Macia,
1996). Pharmacological uses are also known, due to its astringent, anti-diarrhoeic, anti-
scorbutic and fungicidal properties. However, nowadays interest has been revived in its
culinary uses in Eastern Mediterranean countries such as Turkey. Sumac fruits were
already used many centuries ago as an acidulant, substituting lemons or vinegar, and they
are now used dry in Lebanese and Syrian cooking as a typical condiment for fish. The
Iraqis and Turks put them in salads, and the Iranians in skewered meat. Poured on rice,
they give it a reddish colour. This fruit is one of the ingredients of the spice mixtures called
zahtar and dukka. These culinary uses are precisely mentioned by Andalusi agronomists
such as Abu al-Jayr or Ibn al-Awwam, who indicate, for example, its employment in olive
seasoning and turnip and other vegetable pickles. From the Nabatean Agriculture on,
authors mention the use of its seeds for making a special kind of bread eaten in times of
famine.

Pistacia vera L.

The genus Pistacia includes ten species distributed throughout the North-East of Africa
(including the Canary Islands), South-East of Europe, central and Western Asia and
Southern regions of North-America. These are small trees and shrubs, 5-15 m tall, with
alternate, compound, pinnate leaves, some of them evergreen and others deciduous.
Pistacia lentiscus and Pistacia terebinthus grow spontaneously in the Iberian Peninsula,
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while Pistacia atlantica. grows in the Canary Islands. The three species are frequent in the
North of Africa.

Pistacia vera, the pistachio (also called “alfénsigo” in Spanish, from the Arabic term
fustuq) has its origin in Central Asia. It soon spread through Western Asia and the whole
Mediterranean area, and was undoubtedly known and cultivated in al-Andalus. All the
Andalusi agronomists mention it, even the author of ‘Umda (11% and 12™ centuries), tex-
tually, says that he knows about its cultivation in Andalusi lands, although he adds that the
best fruits come from Syria. However, its cultivation was probably neglected after the
Hispano-Arabic age, and it then became a marginal species not quoted by Alonso de
Herrera (16 century), although it reappeared in Dantin Cereceda (1943). Lopez Gonzalez
(1982) considers it to be a recent reintroduction into Iberian agriculture, where it is slow-
ly gaining importance. The exact comments about it in the ‘Umda prove the good knowl-
edge about its cultivation. For example, many Andalusi agronomists mention the species’s
dioecious character or make other accurate comments about cultivation techniques. They
know about its longevity and the advantages of seed propagation instead of trying the veg-
etative way, and they describe rare techniques for obtaining male and female specimens
from the same crop, which are difficult to understand in current science. They are also
accurate in their description of the most appropriate soils and correct watering and tilling
methods, also recognising its powerful root system, which makes them drought-resistant.
With regard to grafts, an expected practice nowadays, those authors were also accurate
when recommending its combination with mastic tree and terebinth. Among its qualities,
it strengthens the stomach, the nerves and the liver, and is used for chest and lung diseases.
Mashed and drunk with wine it is used to relieve bug bites. Iran, Turkey and Syria are still
today the biggest pistachio-producing countries in the world (together with the USA).

Punica granatum L.

The genus Punica contains two species P granatum (going from the Eastern
Mediterranean region to India) and P. protopunica (from the Socotra Island). Pomegranate,
called rumman in al-Andalus, was intensely cultivated and mentioned by Andalusi agron-
omists as being agricultural and ornamental species (“are planted near the well and the
zafariche”, recognising flower varieties), as well as growing spontaneously in the field,
because, as a consequence of its intense cultivation, it became wild and was then called
yullanar. Its fruits were much appreciated as a food, besides having many other uses
(insect repellents, dyes). It also has medicinal properties, some of them recognised by cur-
rent science. Andalusi agronomists also suggested its having antioxidant values, due to the
polyphenols contained in the juice of its seeds (Ibn al-Awwam says: “pomegranates avoid
the rancour and envy among men”). Al-Tignari says: “sweet pomegranate syrup is good
for dry cough, it facilitates expectoration and bowel movements, the one made with the
acid variety tones up the hot? stomach and prevents the bile”. It was also used as a diuret-
ic and for heart palpitations. Nowadays, it is known that pomegranate seeds contain alka-
loids, such as punicalagin, used for the control of colon cancer. Pomegranate cultivation
has been recently increasing, but it is still a minority fruit tree.
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Ziziphus jujuba Lam., Z lotus Lam.

The genus Ziziphus contains almost forty species. Only Z. lotus grows spontaneously
in Europe. Another species from China, called azofaifo, has also been very well known
since ancient times (Z. jujuba). Z. lotus, was used — and still is today - in some regions of
the North of Africa, as a thorny hedge to protect crops (for example vineyards). It has been
seen in this guise in, for example, Marrakech. In the caliphal city of Madinat al-Zhara in
Cordoba, it was probably also used for this purpose, since certain population kernels of this
species are still conserved around this archaeological site, which constitutes an unusual
locality far removed from its distribution area. In the Andalusi agronomists’ texts, both
species are mentioned. According to Ibn al-Awwam, unnab, nabq and zifzif —and its vari-
ants- are synonyms referring to the same tree, probably corresponding to Z. jujuba. The
rest of the Andalusi agronomists clearly distinguish between the jujube (azufaifo), an
allochthonous arboreous species used for its fruits, and the lotus (nabg), a bushy wild
species. Abu I-Jayr is the author who best distinguishes both species, and although he did
not say much about them, he at least makes it possible to establish a relationship between
the term unnab and the Z. jujuba, and nabq and sidr with Z. lotus, grafted first (Carabaza
& al. 2004). Azofaifos are nowadays marginal fruit trees in Iberian agriculture, although
they remain in the people’s memory, even associated with certain religious holidays in the
Christian calendar (Feria de la Fuensanta in Cérdoba, for example).

Vegetable and industrial species and spices

More than thirty vegetable and grain crops, probably cultivated in al-Andalus with culi-
nary uses in mind and mentioned by Andalusi agronomists, are nowadays neglected or
merely marginal. Some of them are considered to be weeds and grow in ditches and slopes
of the Iberian agriculture, sometimes even receiving pejorative names in Spanish (bledos,
cenizos, malvalocas, apio caballar, trigo sarraceno). Among them there are species of
Amaranthus, Anchusa, Atriplex, Borago, Chenopodium, Cichorium, Cynara, Eruca,
Fagopyrum, Lepidium, Malva, Portulaca, Plantago, Rumex, Scorzonera, Silene,
Smyrnium, Silybum. Taraxacum, Tragopogon, and others. The habit of collecting certain
species from their wild populations has been conserved throughout the times (for example
Silene vulgaris, Portulaca oleracea, Taraxacum sp.). Other species were introduced but
not consolidated as wild weeds (ephemerophytes), and so they disappeared almost com-
pletely from the Andalusi agricultural landscape (Colocasia esculenta, Cucumis flexuosus,
C. metuliferus, Fagopyrum esculentum, Hibiscus esculentus, Nuphar sp., Aloe vera).
There were important spice crops, whose use is almost testimonial, such as Ocimum
basilicum or Coriandrum sativum. Basil pollen appears abundantly cited in the archaeo-
palinological records of Madinat al-Zahra, the old caliphal city from the 10% century in
Cordoba (Martin-Consuegra & al. 1995, 2000a, 2000b). Some crops were substituted by
others that arrived later from America, i.e. Lagenaria siceraria, Gossypium herbaceum, G.
arboreum or Vigna unguiculata. The disappearance of the cultivation of thorns, a group of
species from the Asteraceae family, was especially significant, since these were important
horticultural crops, for example, Silybum marianum, Cynara carduncullus, Scolymus his-
panicus or S. maculatus. Certain dye species such as Indigofera indica, Isatis tinctorea or
Chrozophora tinctoria contributed to the development of textile industries in fibres like
silk (related to Morus alba, also a neglected species), linen (Linum usitatissimum), hemp
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(Cannabis sativa) or Spanish broom (Spartium junceum).

Part of the importance of these species has been recently revived, for example, in Aloe
vera or Eruca vesicaria subsp. sativa. Others are waiting for their chance and are current-
ly localized crops , of only a relative importance because of their medicinal or culinary
uses (Silybum marianum, Ocimum basilicum). Finally, others were rescued from oblivion
after their transport and transculturation to America, taken by Andalusi colonizers
(Cichorium intybus, Coriandrum sativus). The particular case of some of these species is
analysed below.

Horticultural thorns: golden thistles, spotted thistles and other thorny thistles (Scolymus
hispanicus, S. maculatus and Silybum marianum)

Some of these were important crops, like Cynara cardunculus L., C. scolymus L. or
Carthamus tinctorius, and many other thorny species of the Compositae family (popularly
called thistles) were cultivated for the use of the basal rosette of their leaves, their fully
developed leaves (usually whitened by earthing up the plant), or their soft capitula (arti-
choke-like). These plants had other virtues such as their medicinal or condiment properties.

Scolymus maculatus and S. hispanicus

Spotted and common golden thistles have been used as wild plants for a long time in the
entire Mediterranean basin, and also cultivated ones like those in Andalusi agriculture.
These are very rustic annual plants, which grow best in clayey soils. They are planted at
the end of winter, using their basal rosettes in spring, before blooming. In both cases, this
species is widely spread through southern Europe, North Africa and south west Asia on
waste land (edges of paths and croplands) They were probably well known in al-Andalus,
considering the numerous names they received from the ‘Umda’s author: aqnitus, bardii-
nas$, burdiin, bardag, tagdut, tafaddu Scolymus hispanicus L. and Scolymus maculatus
L. “cardillos”, “tagarninas”. T&B n° 190 tageddut, Safiq 11 304 tageddiwt.), fadaliq,
qardaguh, saqulimis. Among all these names, it seems that the identification of
Scolymus maculatus clearly belongs to qardaguh, due to the morphological description
and uses of this plant. The Spanish term tagarnina appears to be derived from the Berber
term taqirninah. Berber village people boiled its leaves and stems with milk “having the
property of quenching one's thirst, strengthening ones heart and being useful to relieve
high temperatures, it is diuretic, removes underarm odours and urine smelliness”.

Silybum marianum Gaertn.

This is a species of the Cardueae tribe with a similar geographical distribution and ecol-
ogy to the last two species and is nowadays used for its medicinal properties, which even
makes it the object of cultivation, mainly because of the presence of sylimarin, a group of
flavonoids which acts as a powerful hepatic protector, regenerating liver cells. It is used in
diseases such as cirrhosis, viral hepatitis and jaundice. It lowers cholesterol levels, helps
to dissolve gall stones, acts as an anti-hemorrhagic, and is also a powerful antioxidant.
Besides its medicinal virtues, milk thistle has been popularly used by eating its soft leaves
in salads, or cooked, once its thorns have been removed. Its soft capitula are also eaten like
small artichokes. Some Andalusi agronomists mention the growing of this species, which
is associated with Cynara scolymus, Cynara cardunculus and Onopordum spp. Other
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Andalusi authors such as Ibn Bassal or Ibn al Awwam explain its cultivation techniques.

Cereals and leguminous species

Several cereals that are nowadays considered to be secondary ones were very important
in Andalusi agriculture: einkorn wheat (7riticum monococcum), spelt wheat (Triticum
spelta) and emmer wheat (Triticum dicoccum). Also very important were sorghum
(Sorghum bicolor), millet (Panicum miliaceum, Setaria italica) and possibly other species
of Pennisetum, Echinochloa, Eleusine or Eragrostis).

Among the grainy leguminous species used for human food neglected nowadays are:
white pea (Lathyrus sativus), sicklefruit fenugreek (7rigonella foenum-graecum), vetches
(V. monanthos, Vicia ervilia and V. narbonensis), as well as the blackeyed pea (Vigna
unguiculata), already mentioned among horticultural species, very frequently used in
Andalusi cooking and agronomists even included remedies to relieve the flatulence that
they caused.

Neglected ornamental species

Some ornamental species also underwent changes in the catalogue of plants employed.
On the one hand, the arrival of species from all over the world as well as the domestica-
tion and progressive diversification of cultivars enriched the world of ornamental species.
However, on the other, certain species fell into disuse, oblivion or disinterest. Thus, oleast-
ers (Elaeagnus angustifolia), chinaberry trees (Melia azedarach) and love trees (Cercis
siliquastrum), which reached the Eastern Mediterranean region during this age, progres-
sively became forgotten. Some species of the genus Narcissus were much more important
then than nowadays, and the same happened with wallflowers (Erysimum spp.), violets and
pansies (Viola spp.), or lilies (Lilium candidum). Trees such as the hackberry were a
notable element in gardening and were also neglected for several centuries; they are recov-
ering their value again since they are important substitutes for elms, threatened by Dutch
elm disease. It has been attempted to domesticate many wild species, taking them “from
the field to the garden”, for example. holm oaks, junipers, strawberry trees and yews. A
study on the main ornamental species used in al-Andalus can be found in Garcia-Sanchez
& Hernandez-Bermejo (2007), in which some plants today in disuse are mentioned.
Complementary to that work, some information on the introduction and culture of orna-
mental bulbs (Narcissus and Tulipa species) can be found in Hernandez-Bermejo &
Garcia-Sanchez (2009).
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Today’s narrow agricultural basket is a major concern for the future of humanity. Calls by the
FAO for World leaders to devote greater attention to agricultural diversification have so far
received very limited response (Swaminathan 2005). Crop choices made during the Neolithic
Age still represent today the basis of our global food production systems (Janick 2001).
Through its focus on the provision of calories to meet the demands of a burgeoning population,
the Green Revolution has neglected the need for minerals, vitamins, micronutrients and other
functional properties from food crops, particularly in developing countries. A shift of paradigm
of agricultural efforts is advocated through the launching of an “Evergreen Revolution” which
would address nutritional and health concerns through a more effective and sustainable use of
agricultural biodiversity (Swaminathan 2006). Such an objective would rely heavily on crop
genetic resources and on an array of species, variously called neglected or underutilized
(Padulosi & Hoeschle-Zeledon 2004), till now largely sidelined by research and development
efforts. In this paper, we present examples from a typical underutilized crop, hulled wheats
(einkorn, emmer and spelt), which have returned to the limelight in Italy in recent years and that
of a multi-purpose species, sumac (Rhus coriaria L.), today a relict crop in Italy, but still very
popular in the Middle East. Lessons learned from studying these species are proposed along
with suggestions for the sustainable promotion of species of similar significance and conditions.

Introduction

From the beginning of the practice of agriculture around 10,000 years ago in the Fertile
Crescent and other regions of the world (Zohary & Hopf 1993, Balter 2007), farmers and
then scientists have selected crops and varieties with specific traits in order to satisfy a
diverse range of human needs, including food and nutritional security, tasty meals, medic-
inal remedies, fibre for clothing, fodder for feeding livestock and also meeting social, cul-
tural, religious and aesthetic desires (Heywood 2007). Along with these, other factors have
also shaped crop production systems around the world. These include the ability of crops
to adapt to specific agro-ecological conditions and their capacity to help farmers to seize
emerging economic opportunities arising from new trends, market and uses for crop genet-
ic diversity and its products. Such factors still play a profound role today (albeit in differ-
ent ways than in the past) influencing crop choices and determining continuing change in
the preferences of species and varieties grown in the field (Jarvis & Hodgkin 2000). The
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history of agriculture is characterized by the establishment in various locations and at var-
ious times, of crops which have become “major” while others have continued to be culti-
vated only locally, and have survived until today in a marginalized state (Janick 2001).
Some of these crops have disappeared to the extent of becoming true “relicts”.

Today, few crops dominate international trade, only around 30 staple crops feed the
world, and only three — rice, wheat and maize - provide more than half of the world’s food
supply despite the fact that over 30,000 plant species are edible and about 7,000 have been
or still are cultivated to some extent for food (FAO 1996a). At a national level, these few
staple foods are supplemented by a range of other food crops (Prescott-Allen & Prescott-
Allen 1990, FAO 1996b). The dependence on this relatively small number of food crops
raises serious concerns about the sustainability of feeding the world in the future and feed-
ing it well (Swaminathan 2005, Frison 2005, Raschke & Cheema 2007). The alarming loss
of agro-biodiversity at the onset of the Green Revolution led to the genetic resources
movement, and in 1974, to the establishment of the International Board for Plant Genetic
Resources (IBPGR), today known as Bioversity International (Pistorius 1997), the largest
international agency dedicated to the conservation and sustainable use of agro-biodiversi-
ty (Bioversity 2006). Thanks to the efforts made by national and international agencies to
rescue crop diversity, today some 6 million accessions of germplasm are being maintained
in more than 1,300 ex situ gene collections (Fowler & Hodgkin 2004). Many other species,
variously described as neglected or underutilized have been left out of these “safety nets”
and survive only in limited populations thanks to in sifu/on farm conservation activities
(Padulosi & al. 2002b).

More recent trends, including urbanization and increased purchasing power among
certain segments of the population in both developed and developing countries, are
significantly contributing to raise the demand for food diversity, including new spe-
cialty crops, high value and natural/biological products (Heywood 1999a, Senauer
2001, Senauer & Goetz 2003).

Emmer: Resurgence of a Roman staple in Italy

The history of emmer and its uses.- A recent example of a relict crop that is enjoying
renewed interest among farmers and consumers in several parts of Europe, particularly in
Italy, is that of hulled wheat. In Italy this crop goes by the generic name of farro, but in
reality this one name covers three different species: einkorn (7riticum monococcum),
emmer (7. dicoccon) and spelt (7. spelta). The name farro was originally used only for
emmer, but now is used indiscriminately for all types of hulled wheat. These are amongst
the most ancient cereal crops of the Mediterranean Region (Perrino & Hammer 1982). The
cultivation of einkorn and emmer started in the Fertile Crescent about 10,000 years ago
where it has continued to be grown (Helmqvist 1955; Harlan 1981; Zohary & Hopf 1993,
Nesbitt & Samuel 1996). After Julius Caesar’s invasion of Egypt in 30 B.C., emmer was
introduced to Italy, where it was referred to as the ‘Pharaoh’s wheat’ (hence ‘farro’) and
gained popularity in Italian cuisine. The nutritious grain became a staple at every level of
Roman society, sustaining the Roman Legions and is said even giving rise to the Italian
word for flour farina. Because of their adaptation to colder climates, einkorn and spelt
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spread across the Alps and northern Europe (D’ Antuono 1989). Their decline began at dif-
ferent times ranging from 3,000 BC in Eastern Turkey to the 20" Century in Southern
Germany and Switzerland (Nesbitt & Samuel 1996). Various hypotheses have been sug-
gested as to the reasons for the decline of hulled wheat species, including economic
changes, dietary changes and the introduction of new cereals.

Though there are few detailed studies that provide rigorous analyses of these changing
crop patterns in different epochs, we can say that based on our understanding of the decline
of spelt during the last 100 years, the two major factors involved in such a process seemed
to be mainly economic pressure for higher productivity which led to the selection of free-
threshing wheat, which is more responsive to increased inputs; and changes in eating
habits as rural populations became more attracted to industrialized food markets (seeing
hulled wheat as food of the rural and poor areas). Whatever the reasons, hulled wheats
were progressively replaced by free-threshing wheat (7. aestivum) and continued to exist
only in isolated and remote areas in the Italian Appenines or the Central Anatolian region
of Turkey (Karagdz 1996). The cultivation of hulled wheat in Italy, for example, survived
only in marginal mountainous areas and there primarily as a fodder crop (D’Antuono &
Bravi 1996). Its use as a human food remained established only in the local traditions of
two small production areas (Garfagnana and Valnerina in Central Italy) but it was not until
the 1980s that such uses became documented and studied by scholars (Perrino & Hammer
1982, Perrino & Hammer 1984). According to Di Napoli & Marino (2001), emmer culti-
vation in Italy had been reduced to a few thousand square meters in the 1970s. Around the
same time, spelt was introduced for commercial purposes to Italy from Germany
(D’ Antuono & Bravi 1996). Today, the area under hulled wheat production in Italy is pre-
dominantly emmer and is estimated at around 2,000-2,500 ha with yields of up to 3.5 t/ha
(Troccoli & Codianni 2005; Buerli 2006).

Hulled wheats are processed into a range of modern and convenient products including
pasta, biscuits, bread, porridge, gruel, a soup ingredient, cracked wheat or beer (Stallknecht
& al. 1996). Today, hulled wheats are no longer considered the food of the poor as they
were in the past. They have become an exclusive, fashionable food for which concerned
consumers are prepared to pay a premium price (Heller & Padulosi 1996).

Hulled wheat has spread from the traditional growing areas to new sites due to the
ability of the crop to adapt to marginal land while providing reliable yields, something
modern wheat varieties fail to do. In these new sites, both traditional landraces and new
varieties resulting from small breeding programmes are cultivated (Padulosi & al. 1996)
and compete successfully on the market with the produce from traditional areas. The
success of hulled wheats in Italy has contributed to the improved conservation of their
genetic resources, which are under threat; einkorn, considered a true relict crop in this
country, is now maintained in the ex situ gene bank in Bari together with local popula-
tions of emmer. According to the System-wide Information Network for Genetic
Resources (SINGER), in October 2007 the world’s genebanks contained 8,956 acces-
sions of hulled wheats, made up of 1,502 accessions of emmer, 3,777 of einkorn and
3,677 of spelt. The largest collection of hulled wheats is held in Switzerland (2,392
accessions). The commercial success of this crop is, however, putting the traditional
areas cultivated with these species under great pressure. Emmer, which has been typi-
cally produced by relatively poor, small-scale farmers in mountainous regions, is now
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being grown by richer farmers attracted by the high price of the crop, who cultivate it
outside its area of popular cultivation. At the same time, market needs favour the culti-
vation of fields planted with selected varieties in the name of standardized cultivating
practices and product uniformity. Emmer fields, traditionally a mix of different lan-
draces, are becoming therefore increasingly uniform and poor in genetic diversity.

Marketing of emmer in Italy and beyond.- The increasing interest shown towards an old
crop like emmer is associated with an observed growing attention paid by the public
towards old traditions and the search for naturalness (D’ Antuono & Bravi 1996). Until a
few decades ago, emmer was consumed only by the rural communities who cultivated it.
In the 1980s, health-conscious people and gourmets in the cities started to demand emmer.
For the last few years now, emmer products have been readily available in traditional
Italian food shops and even in modern supermarkets. Between 1998 and 2000 the market
in Italy grew by a remarkable 15% per year and at the same time farm-gate prices for the
raw material increased by 30% a year. This increase is due largely to the direct marketing
of emmer by farmers within the agro-tourism circle, a form of holidays spent on farms
where home-grown agricultural food products are served and also sold to tourists (Buerli
2006). From there, consumption has spread to other groups and even other countries,
including the United States and Canada (Buerli 2006). Specific marketing strategies such
as certified organic production or certification of the geographic origin (Vazzana 1996)
have added to the success of emmer products on the market.

An enabling environment for increased emmer consumption.- The success of farro in
Italy would not have been possible without the support of the research community and pol-
icy makers. Alerted by the loss of hulled wheats and their genetic erosion, Bioversity
International launched a Hulled Wheat Genetic Resources Network, an outcome of the first
international workshop on hulled wheats held in 1995.

The Network’s activities contributed to raising the awareness of both growers and sci-
entists about the increasing genetic erosion of hulled wheats taking place in Italy and that
led to a number of ex situ and in situ/on farm conservation activities along with greater col-
laboration on research activities dealing with characterization, breeding, agronomic
improvement, value addition and the sustainable marketing of this crop.

Among the latest research initiatives promoted on hulled wheats in Italy is that of the
National Institute for Agro-Economy (INEA) of the Italian Ministry of Agriculture, deal-
ing with a multi-year programme on agri-food chains in the framework of broader inter-
vention on the sustainable re-qualification of urban and rural areas of the Campania Region
(Regione Campania 2004). The project includes, inter alia, interventions on cereals and
hulled wheats, aiming at increasing the adoption of emmer varieties suitable for organic
production and the development of transformation technologies to obtain novel food prod-
ucts. The Italian Research Centre for Plant Improvement (CERMIS), in collaboration with
other national research institutes, contributes also to maintaining the genetic material of
emmer and carrying out crop improvement, adaptation and morpho-physiological studies.
This work is financially supported by the Region of Marche (CERMIS s.a.). Among the
various Local Municipalities across Italy, which are very active in the promotion of emmer
and its products, is that of Monteleone, a small city in the Umbria Region, where the culi-
nary farro tradition is still very strong and popular and where the crop is being used as
instrument of development and promotion of the hinterland (Porfiri & al. 1998).
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These activities have contributed to raising dramatically the visibility of hulled wheats
and market demand for it, and for emmer in particular, from consumers in the areas of pro-
duction as well as at the national level.

A different story in Turkey

Current production.- Emmer continued to be cultivated as a relict crop also in Turkey.
Here its production decreased radically from the beginning of the last century, due to the
introduction of other wheat types and other cereals such as rice and maize. Today, the area
under cultivation is limited to a small zone in the central and western part of the Black Sea
Region in Kastamonu and Sinop Provinces. In these areas, the geographic altitude changes
very rapidly from sea level to 2000 m a.s.l. within less than 15 km and the areas are con-
sidered to be harsh with varying conditions. As in most other countries, farmers in remote
mountainous areas belong to the poorest part of the population. In the case of Turkey, 10%
of the heads of the farm households that grow emmer are illiterate. Emmer is grown there
as pure or mixed stands (with wheat) often on land resulting from deforestation due to
overexploitation of forest trees, which is unsuitable for growing other crops as it is at a
high altitude. Other small growing areas are found in Anatolia. The total area under emmer
cultivation is estimated at 6000 ha with average yields of 1.5 t/ha. It is predicted that this
area will be further reduced because of the high labour demand for emmer cultivation, har-
vesting and processing with no or low levels of mechanization. Growers are typically
small-scale subsistence farmers. In average, they dedicate about 1.5 ha to emmer, which
is about 25% of their total arable land. All production is rain-fed. It seems that the only rea-
son why emmer is still grown in these areas, despite the low yields, is its high adaptabili-
ty to poor soils and harsh environments without requiring much external input. For the type
of farmers inhabiting these areas, cultivation of other cereals and improved varieties is not
an alternative as these would require high inputs to produce reasonable yields (Giuliani &
al. 2009). In the absence of a formal seed market, farmers use their own grains as seed for
the following season or exchange seed with other farmers (70% of the producers).
Knowledge about emmer cultivation is transmitted from generation to generation. No for-
mal training or extension services are available.

The emmer market in Turkey.- Emmer once was a popular grain for human consumption,
in particular for bread making Today, emmer is mainly grown for animal feed (three quarters
of the total production) as livestock is more important in these areas than agriculture. Farmers
harvest the grain and crack it before feeding it to the animals. Sometimes, the crop is also left
in the field and the animals are allowed to graze on it. It is rarely used to make bread, but
sometimes to make bulgur, which is a parboiled, sun-dried, de-husked and cracked product
used in traditional soups, nowadays mainly made using wheat. People who still eat emmer
bulgur consider it tastier and healthier than the wheat version. About 25% of the production
is designated for human consumption, either for domestic use (farmers) or/and for sale as
bulgur (farmers-traders). In Sinop province, farmers grow emmer only for their own con-
sumption. Therefore no value chains exist. In Kastamonou Province, production is also
offered on the villagers’ market in Kastamonu town, mainly during the month of September,
immediately after harvest. Availability of emmer to the consumer is hence also limited to this
month. The value chain is as simple as that of emmer in Italy, though much less organized.
Farmers are not organized and the chain lacks horizontal and vertical integration.
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The overall environment for emmer.-Agricultural policy in Turkey strongly supports the
production of wheat as a staple food. Premiums are paid to farmers who use certified seeds.
There are no released emmer varieties in Turkey, hence no availability of certified seeds.
Emmer growers therefore cannot benefit from these government incentives. Since 2002, a
“Direct Income Support” scheme is in place. Under this scheme, farmers can apply for
cash support depending on the amount of land they own (Turkish New Lira 120/ha).
However, this incentive does not seem to be attractive to all farmers. Applications for this
support have to be filed in person at the Agricultural Provincial Directorates, which are not
easy to reach for the remote emmer farmers. With their small land holdings they would
also receive only a meagre amount. According to Giuliani & al. (2007), in one particular
area surveyed in Kastamonu Province, the number of applicants decreased by 20% within
a period of six years. This could also be an indication that the poorest farmers with very
small land holdings, who are the emmer producers, had left the area and abandoned agri-
culture.

Since the introduction of modern wheat varieties and the increasing urbanization in
Turkey, emmer is considered poor people’s food. However, there seems to be a new atti-
tude in the major cities towards healthy food, preferably from organic production. This is
reflected in the choice of certified organic whole wheat pasta and bulgur available in super-
markets and shops in wealthier areas of the cities (Giuliani & al. 2009). This new trend and
the existence of certifying bodies are an opportunity for the revival of emmer production
and consumption in the country.

Tanner’s Sumac: A relict multipurpose crop and its fortunes

Sumac (Rhus coriaria L.) is a shrub of the Anacardiaceae family distributed around the
Mediterranean Sea. One of 250 species of the genus RAus occurring in temperate and trop-
ical regions worldwide, R. coriaria L. is thought to have originated in the north of Iraq
(Aoudat & Barkodah 1979) and today is present in Sicily, Western Asia, parts of the
Arabian Peninsula and Central Asia (Polunin & Huxley 1987). The word sumac traces its
origins back to the Aramaic language, referring to the red colour of its berries, while in
Modern Hebrew it means spice. The species name coriaria refers to the use of the plant by
the tanning industry (from the Latin corium meaning leather). These two different main
uses of the crop (spice and tanning) have contributed to the continued use of the plant since
Roman times. However, while the use as spice is today still much practiced in the Middle
East, its use as tanning agent is no longer common due to technological innovations devel-
oped by the leather industry, which have substituted sumac products. In addition to these
two uses, sumac has been popular in the local pharmacopeia thanks to the astringent char-
acteristic of its tannins which act as a traditional remedy for dysentery. Use of sumac as
anti-tumour, haemostat and for mouth gargle is also reported (Duke & al. 2003) and infu-
sions made from sumac fruits are used widely to treat stomach upsets and ulcers of the
mucous membranes (Turker & Usta 2006). Sumac leaves and fruits have demonstrated
properties as anti-bacterial substances (especially for harmful bacteria in the intestine)
(Lauk & al. 1998; Fazeli & al. 2004; Rayne & Mazza 2007)
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Tanning leather industry and sumac.- The use of sumac as a tanning agent for leather dates
back to Roman times. It is believed to have been introduced to Sicily by the Arabs during the
10th Century (Cari 2006) via Turkey where R. cotinus L. and R. coriaria L. were popular in
Turkish markets for dying leather and woollen clothes (Tiirkmen & al. 2004).

Apart from R. coriaria L. (tanner’s sumac), tannin is also extracted from the leaves of
other species of sumac such as the American sumacs R. copallina (dwarf sumac), R. glabra
L. (smooth sumac) and R. #yphina L. (lemonade sumac). The tannin from sumac has been
much appreciated in the past for its ability to produce gentle tanning of white or light-
coloured, soft and supple leathers and because of the fact that the leather treated with
sumac has great resistance to ageing, it does not darken upon exposure to light and is less
likely to decay than leather processed by other tannins. In Italy, the cultivation of sumac
(known as sommacco or corinna in Italian) was popular particularly in Sicily where it was
also used for the dying of yellow clothes and sacks known as “coffa” from the Arabic cuffa
(Ferreira & al 2004) and nowadays many commercial materials are made from plant mate-
rial, like “RETAN BLK-M”, a mixture of tannins obtained from R. cotinus L. (smoke tree)
and R. coriaria L. (SCRD.net 2008) The use of sumac in the tanning industry has never-
theless dramatically decreased over recent decades in view of the development of less
expensive tannins.

Sumac, the irresistible spice of Middle Eastern cuisine.- Sumac is an essential spice in
Middle Eastern cuisine. It is mentioned in the writing of Dioscorides 2000 years ago, along
with a reference to its medicinal properties (Arndt 1988). The spice is obtained from
grinding the whole panicle and the dust obtained is used to flavour a vast array of dishes.
Its tart, tangy, sour flavour contributed to the popularity of the spice. Because of its lemon-
like flavour, sumac was used for centuries by the Romans before the introduction of
lemons by the Arabs, which took place in Sicily around 1000 AD along with the introduc-
tion of mulberry and sour orange (Cari 20006).

This spice is used to delicately enhance the flavours of foods. It is an excellent substi-
tute for salt and for that reason it is recommended to those suffering from hypertension. It
is used as a condiment in everyday cuisine in Syria, Lebanon, Iran, Iraq, Israel, Greece,
Turkey and other countries in the Middle East and Central Asia. It is used directly on rice,
salads, barbecued meat, mixed with freshly cut onions as an appetizer. Ground sumac fruit
is the main component of very popular spice-mix in the Middle East called “zahtar” (made
of sesame seeds, thyme, marjoram, ground sumac, fennel seeds and salt). Zahtar and olive
oil spread over freshly baked bread are a common Middle Eastern breakfast.

Historical records of the cultivation of sumac in Italy are numerous: in the 18th Century,
its cultivation in Mondello (Sicily) is documented as a very profitable agricultural activity
(Lo Cascio 2000-2001, Regione Siciliana s.a.), and there are also records of cultivation in
the areas near Trapani (Accardi 2004). In those days, sumac spice was a major commodi-
ty exported along with sulphur, wine, wheat, tuna fish and manna sugar (a sugary sap
obtained from the bark of Fraxinus ornus). Its popularity led also to the development of a
cultivation manual (Inzegna 1874). A century later sumac was still an important crop in
Sicily, but by the mid 20th Century it was no longer so. In the Parliamentary session of 31
January 1961 a group of Italian politicians called on the Government to give greater atten-
tion to the cultivation of sumac and other local crops as a means of strengthening the
Italian GDP (Repubblica Italiana 1961).
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Today, sumac spice is grown in Italy much less than in the past, only in limited areas of
Sicily such as Vizzini and Militello near Catania, and Messagno and Borgetto near
Palermo, where it is part of the local production systems along with cereals, prickly pears
and local vegetables (Provincia di Catania s.a.). Efforts to reintroduce the cultivation of
sumac as a spice have continued, albeit with limited success, over the last 20 years (Di
Fazio 1983). Lately, sumac’s soil conservation properties have also been exploited for its
reintroduction to Italy in anti-erosion forestation projects in the region of Tuscany
(Regione Toscana 2000).

Relict vs. popularity.- The case of sumac is interesting from the viewpoint of a crop
faced with a dual destiny. The replacement of sumac with other products by the tannin
industry has determined its dramatic decline, to the extent of becoming a relict crop in
Europe and other North Mediterranean countries. On the other hand, the same species in
the South Mediterranean-West Asian area does remain a highly popular spice and its use
continues to be strongly embedded in local culinary traditions. That has led to a continued
use of Rhus coriaria L., but interestingly enough without an impact on the level of research
required to strengthen the sustainable conservation and use of this species.

One of the countries where sumac is today mostly used as a spice is Syria. In this coun-
try the majority of production is obtained from wild stands and there are no organized cul-
tivated fields of sumac. Domestication, selection and crop improvement of sumac do not
exist, and knowledge of cultivation practices, multiplication and conservation of the genet-
ic diversity of its wild populations is very scarce. The same can be said for most of the
countries in the Near East where sumac spice is very popular, including Turkey, where the
production of this non wood forest product was estimated at 62 tonnes in 1999, entirely
harvested from wild stands (Ozugurlu & Diizgiin 2003). It is interesting to notice that until
a few years ago, sumac was so commonly found that it was used to adulterate the more
expensive herb oregano in Turkey (today this practice is no longer possible due to more
rigorous food safety measures present in the country).

Genetic diversity of sumac and cultivation practices.- An eco-geographic survey proj-
ect was carried out in Syria during the period 2004-2006 (Al-Haj Ibrahim 2007). The
research aimed at shedding light on the eco-geographic distribution of sumac, characteriz-
ing the diversity of economic traits in its wild populations and documenting local uses and
the economic role of sumac in local livelihoods. The study showed that sumac shrubs are
highly adapted to a different range of ecological conditions and identified a typical value
chain of sumac in Syria related to both uses as a tanning agent and a spice.

In order to understand better the genetic diversity of sumac, a comprehensive morpho-
logical characterization based on over eighty characters (10 growth characters, over 70 shoot
system characters and several phenological observation characters) was performed. The
study revealed that sumac in Syria can be grouped under 2 major taxa, each including other
minor taxonomic entities. The ethnobotanic survey indicated also that the majority of people
interviewed commonly harvested sumac for home consumption as a spice and at the same
time harvested a large amount of fruit clusters for commercial purposes. Uses in traditional
medicine, industrial applications, and environmental purposes were also mentioned by the
respondents. Among the propagation methods, root cutting had comparative advantages over
other methods (such as stem cutting, air layering, budding and grafting) as long as it is exe-
cuted at the appropriate time and using suitable techniques (Al-Haj Ibrahim 2007).
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What can we learn?

Literature is rich in examples of crops which were once well known and extensively
cultivated and that have fallen into disuse for one or more reasons (Zohary & Hopf 1993).
Similar reasons are also behind the non-domestication and absence of cultivation of other
plants that are gathered directly from the wild and which therefore may not strictly speak-
ing be called ‘crops’ (Heywood 1999b).

The reasons behind the abandon and neglect of domesticated species are numerous,
including the following:

- Agronomic: e.g. due to the lack of improved genetic material, uneven maturity or low
yield potential (e.g. the decrease in cultivation of lupin and grass pea, which can be
reversed through breeding of new varieties containing lower levels of alkaloids and so
which do not cause lathyrism)

- Technological: e.g. due to lack of efficient cultivation methods, lack of processing tech-
nologies, low potential for mechanization of production and processing, low shelf life
of harvested produce, lack of recognized quality standards (e.g. the decrease in the cul-
tivation of quinoa and little millet which can be reversed through development of tech-
nology to remove the labour intensive processing)

- Cultural and social: e.g. due to the introduction of modern crops, urbanization, changing
of traditional food trends, loss of indigenous knowledge;

- Economic: e.g. due to low economic returns from cultivation, low competitiveness with
new introduced crops, labour intensive cultivation and processing, limited uses;

- Political: e.g. due to the presence of subsidies for competitive cash crops, lack of focus
in national development strategies.

The process of declining attention on a certain crop can be gradual or take place over
a short period of time. When the reduced attention is not accompanied by the documen-
tation or transmission of indigenous knowledge related to the use of that crop, it falls into
a state of abandon and eventually become a relict crop, growing only in a few populations
in some home gardens. Future prospects of such crops may well include their complete
extinction. This is the case of the vegetable garden rampion Campanula rapunculus
reported as extinct in the 1820s (Mabberley 1997) or the Hausa bean Kerstingella geo-
carpa, a highly neglected crops described as occurring in the Guinean/Sudanian
Woodland (Central-West African States) (Dalziel 1937, Verdocurt 1982), but currently
found growing only in few populations.

One particular group of crops is that of medicinal species, for which the knowledge
needed for continuing the appreciation and use of the plants, requires more attention than
that given today (Padulosi & al. 2002a). The fact that 80% of the world’s population relies
still today for their primary health care on traditional medicine and herbal remedies (WHO
2002), makes the loss of medicinal plants (which is among the greatest in absolute numer-
ical terms), one of the worst problems affecting biodiversity and its sustainable use.

On the other hand, as the case of emmer in Italy demonstrates changes in food habits and
lifestyle can lead to the rediscovery of a crop previously fallen into abandon and neglect.
The emmer case in Italy clearly shows that this process is demand-driven and not initiated
by the producers. The producers react on a specific demand from a particular powerful con-
sumer group (health conscious, trendy people prepared to pay premium prices for specialty
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products). From this group the trend is steadily passing on to the “normal” consumers thus
getting the crop out of the niche status. The role of the national and international media can-
not be over-stressed. In addition to the private processors, they give the crop and the prod-
ucts made from it, wide publicity in newspapers, special journals and magazines. Emmer
products received a further push as they were picked up by renowned restaurants all over
the country, giving them a prestigious image. However, the producers would not have
engaged in expanded emmer production without the strategic engagement of researchers
and the private sector, as the inherent disadvantages of the crop remained unchanged. The
technological support from the processors to farmers and their enthusiasm in the develop-
ment of new products and processing technologies represent the driving forces in satisfying
growing consumer demand and overcoming production constraints. Research has con-
tributed with programmes on the conservation of landraces, the development of improved
varieties and looking at agronomic problems. Support from the policy level is given through
providing internationally recognized certification schemes such as Protected Geographic
Indication and organic production. Producers who qualify for these labels benefit from
higher returns from their production. Policy also supports the involvement of farmers in
tourist activities and sales of agricultural produce on farm. This contributes to a higher
awareness by consumers of traditional products. A combination of all these factors led to
the resurgence of emmer in Italy and to its growing production and consumption.

In Turkey, the reasons for the decline in emmer production and consumption were the
same as in Italy. However, there are no clear signs yet to allow the forecast of a change in the
current situation. Turkey lacks the driving forces behind a potential change — strong con-
sumer demand. This demand can only be stimulated by a reversal of the low image that
emmer products currently have. This is where the role of the media and health and education
policy-makers is crucial. Unless the available information about the dietary advantages of
emmer compared to other grains is diffused by inclusion into the basic education, university
curricula, health programmes and in the mass media, consumers will not demand it. There is
also a lack of innovativeness among the private companies producing cereal based foods.
They need to start experimenting with new products that include emmer.

With regard to the sumac situation, the fact this crop has been used by people in sever-
al ways, has been in itself a sort of insurance policy for its continued existence. In partic-
ular, its use as a spice has ensured that the crop did not fall into oblivion after the drop in
its use by the leather industry in the 20 century.

A number of general lessons could be drawn from these examples, and other cases
reported in the literature, on the “fall and (possible) rise” of agricultural crops:

Diversity of uses: The more diverse the spectrum of uses of a species, the higher the
likelihood of surviving changes in agricultural policies, life styles, dietary trends. Diversity
in uses, just like genetic diversity, is key to the continued survival of crops. This is close-
ly linked to the following lessons, viz.

Cultural erosion: The widespread erosion of local traditions and knowledge is the root
cause of the loss of hundreds of species worldwide. Such a loss can be stemmed through
proper interventions such as appropriate, timely documentation of indigenous knowl-
edge, empowerment of local communities to increase their self-esteem and recognition
of their own identity and culture which is safeguarded also through the continued use of
local crops and species.
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Conservation of genetic diversity: Ups and downs in the popularity of a crop are a com-
mon feature in crop usage patterns over time. The ultimate appreciation of a crop by peo-
ple is the result of several factors such as the utility of the crop in satisfying specific needs,
the convenience provided by the crop compared to other crops and products, fashion
trends, cultural and historical background of people, etc. The loss of both genetic diversi-
ty and indigenous knowledge should be prevented through strategic interventions using ex
situ and in situ conservation methods;

Getting the evidence: The various values of crops (economic, nutritional, medicinal,
cultural etc) call for greater attention by research and development. Detailed studies to pro-
vide scientific and empirical evidence and to document information about the crops would
allow better advocacy for the conservation and sustainable use of biodiversity, particular-
ly neglected and underutilized species, and hence contribute to their valorization over time.

Role of users: Contrary to the past, nowadays, consumers play a more active and piv-
otal role in defining the level of use or neglect of agricultural biodiversity. They can con-
tribute through the initiation of new trends in consumption or following or not trends pro-
moted by industry and/or media. Conservation efforts led by R&D should be better linked
to consumers and that raises the issue of how effective we are in conveying our messages
on the benefits from biodiversity to consumers. More effective public awareness cam-
paigns are therefore needed, including those targeting younger generations. Greater link-
ages between R&D and Fair Trade or other movements sensitive to sustainable use of bio-
diversity should be promoted;

Enabling policies: National and international policies have so far aimed at the protec-
tion mainly of crop varieties that are uniform, distinct and stable (in line with the require-
ments needed to fulfill plant breeders’ rights). Legal protection of wild, neglected, under-
utilized or relict species, typically represented by landraces and ecotypes, is very limited
and should receive greater attention. The suggestion, for instance, of expanding the list of
species in Annex I of the International FAO Treaty for PGRFA during the anticipated
review of this list to include such species would be an important step in that direction and
should be further promoted and supported.

Acknowledgement

The authors would like to thank Arwen Bailey of Bioversity International for editing the text.

References

Accardi, S. 2004: “La Lucrosa Esportazione di Prodotti Autoctoni Trapanesi”.
—http://www.trapaniantica.it/accardi /lucrosa%?20esportazione%20prodotti/lucrosa%?20 espor-
tazione.htm (accessed 19 Aug 2008).

Al-Haj Ibrahim, U. 2007: Eco-geographic survey and biodiversity assessment of sumac (Rhus cori-
aria spp.) in Syria — MSc Thesis, University of Damascus, Faculty of Agriculture, Damascus,
Syria.

Aoudat, M & Barkodah, Y. 1979: Plants of Syria “the environment, vegetation and common
species”. Sciences of Life Journal, Special volume — Damascus

Arndt, A. 1988: The flavors of Arabia — Saudi Aramco World. 39: 2. — http:/
www.saudiaramcoworld.com/issue/198802/the.flavors.of.arabia.htm (accessed 19 Aug 2008).



140 Hoeschle-Zeledon & al.: Making the most of wild and relict species ...

Balter M. 2007: Plant Science. Starch Reveals Crop Identities — Sci. 316(5833): 1834.

Buerli M. 2006: Farro in Italy. A desk study — Global Facilitation Unit for Underutilized Species
(GFU). http://www.underutilized-species.org/Documents/PUBLICATIONS/farro.pdf
(accessed 19 Aug 2008).

Cari, D. 2006: Sambuca di Sicilia. Storia ed architettura da Zabut ai nostri giorni. — Degree thesis
(academic year 2000-2001). http://www.terredelgattopardo.it/members_area/
uploads/Sambuca_di_Sicilia.pdf (accessed 19 Aug 2008).

CERMIS, s.a.: Cereali. http://www.cermis.it/settori/cereali.html (accessed 19 Aug 2008).

D’ Antuono, L.F. 1989: 1l farro. Cereali di coltivazione, caratteristiche agronomiche, utilizzazione e
prospettive colturali — Inform. Agrar.: 24-49.

— & Bravi, R. 1996: The hulled wheat industry: present developments and impact on genetic resources
conservation. in: Padulosi, S., Hammer, K. & Heller, J. (eds.) Hulled wheats. First International
Workshop on Hulled Wheats, 21-22 July 1995, Castelvecchio Pascoli, Tuscany, Italy. Promoting
the conservation and use of underutilized and neglected crops — (Maccarese) Rome

Dalziel, J.M. & Hutchinson, J. 1937: The Useful Plants of West Tropical Africa. — London.

Di Fazio, S. 1983: Carrubo ¢ Sommacco - Due colture mediterranee e tradizionali in rapporto alle
politiche comunitarie — Sviluppo Agric.: 2.

Di Napoli, R. & Marino, D. 2001: Utilizzazione del farro in alimentazione umana: Tecnologie di tra-
sformazione e sviluppo prodotti. — Campobasso.

Duke, J.A, Bogenschutz-Godwin, M.J., DuCellier, J. & Duke, P.A.K.2003: Handbook of medicinal
spices — Florida.

FAO 1996: Report on the State of the World’s Plant Genetic Resources for Food and Agriculture, pre-
pared for the International Technical Conference on Plant Genetic Resources, Leipzig,
Germany, 17-23 June 1996 — Rome.

Fazeli, M. R., Amin, Gh., Ahmadian Attari, M.M., Ashtiani, H. & Jamalifar, H. 2004: Antimicrobial
effects of five Iranian popular medicinal plants on some intestinal bacteria. — Iranian J. Pharm.
Res. 2: 67-77.

Ferreira, E. S. B., Hulme, A. N., McNab, H. & Quye, A. 2004: The natural constituents of historical
textile dyes. — Chem. Soc. Rev. 33: 329-336.

Fowler, C. & Hodgkin T. 2004: Plant genetic resources for food and agriculture: assessing global
availability — Ann. Rev. Environ. Resources 29: 143-179.

Frison, E. 2005: Biodiversity and Livelihoods. in: Bala Ravi, S., Hoeschle-Zeledon, I.,
Swaminathan, M.S. & Frison, E. (eds.) Hunger and Poverty: The Role of Biodiversity, Report
on an International Consultation. The Role of Biodiversity in Achieving the UN Millennium
Development Goal of Freedom from Hunger and Poverty, Chennai, India, April 18-19, 2005,
Bioversity International, Maccarese (Rome)

Giuliani, A., Karagdz, A. & Zencirci, N. 2007: Livelihoods and Markets of Emmer (7riticum dicoc-
con) in Turkey. — http://www.underutilized-species.org/record_details.asp?id=1052 (accessed
19 Aug 2008).

—, — & — 2009: Emmer (Triticum dicoccon) Production and Market Potential in Marginal
Mountainous Areas of Turkey. — Mountain Res. Developm. 29(3).

Harlan, J.R. 1981: The early history of wheat: Earliest traces to the sack of Rome. in: Evans, L.T. &
Peacock, W.J. (eds.) Wheat science today and tomorrow —Cambridge.

Heywood V. 1999a: Trends in Agricultural Biodiversity. in: Janick, J. (ed.) Perspectives on new crops
and new uses. — Proceedings of the Fourth National Symposium: 2-14.

— 1999b: Use and potential of wild plants in farm households. FAO Farm Systems Management
Series no. 15. Food and Agriculture Organization of the United Nations. Rome, Italy. 113 pp.

— 2007: The use and economic potential of wild species: an overview. in: Maxted, N., Dulloo, E.,
Ford-Lloyd, B.V.,, Iriondo, J., Kell, S.P & Turok, J. (eds.) Crop wild relative conservation and



Bocconea 23 — 2009 141

use. Proceedings of the First International Conference on Crop Wild Relative Conservation
and Use. Agrigento, Italy, 14-17 Sept. 2005 — Wallingford.

Helmgqvist, H. 1955: The oldest history of cultivated plants in Sweden. — Opera Bot. 1: 1-186.

Inzegna, G. 1874: Manuale pratico della coltivazione del sommacco in Sicilia. L. — Palermo.

Janick, J. 2001: New crops for the 21st Century. — Pp. 307-327 in: Nosberger, J., Geiger, H. H. &
Struik, P.C. (eds.) Crop Science: Progress and Prospects. —Wallingford.

Jarvis D. I. & Hodgkin T. 2000: Farmer decision making and genetic diversity: linking multi-disci-
plinary research to implementation on farm. in: Brush, S. B. (ed.) Genes in the field — Ottawa.

Karagdz, A. 1996: Agronomic practices and socioeconomic aspects of emmer and einkorn cultiva-
tion in Turkey. in: Padulosi, S., Hammer, K. & Heller, J. (eds.) Hulled wheats. First
International Workshop on Hulled Wheats, 21-22 July 1995, Castelvecchio Pascoli, Tuscany,
Italy. Promoting the conservation and use of underutilized and neglected crops — Rome.

Lauk, L., Caccamo, F., Speciale, A., Tempera, G., Ragusa, S. & Panté¢, G. 1998: Antimicrobial activ-
ity of Rhus coriaria L. leaf extract. — Phytotherp. Res. 12: 152-153.

Lo Cascio, P. 2000-2001: “Il territorio di Mondello tra il XIII e XV secolo”.
http://www.mondellolido.it/pagine/cenni%?20storici/lo%20cascio/il%20territorio.htm (acces-
sed 19 Aug 2008).

Mabberley, D. J. 1997: The Plant Book. 2° Ed. — Cambridge.

Nesbitt, M. & Samuel, D. 1996: From staple crop to extinction? The archaeology and history of the
hulled wheats. in Padulosi, S., Hammer, K. & Heller, J. (eds.) Hulled Wheats. First International
Workshop on Hulled Wheats, 21-22 July 1995, Castelvecchio Pascoli, Tuscany, Italy. Promoting
the conservation and April 18-19, 2005, Bioversity International, Maccarese (Rome).

Ozugurlu, E. & Diizgiin, M. 2003: Policies to promote sustainable operations and utilization of non-
wood forest technology, management and training. In Harvesting of non-wood forest products.
Joint FAO/ECE/ILO Committee on forest technology, management and training. Menemen
(Izmir), Turkey 2—8 October 2000.

Padulosi, S., Hammer, K. & Heller, J. (eds.) 1996: Hulled Wheats. First International Workshop
on Hulled Wheats, 21-22 July 1995, Castelvecchio Pascoli, Tuscany, Italy. Promoting the
conservation and use of underutilized and neglected crops, Bioversity International,
Maccarese (Rome).

—, Leaman, D. & Quek, P. 2002a: Challenges and opportunities in enhancing the conservation and
use of medicinal and aromatic plants. — J. Herbs Spices Med. P1. 9(2/3): 243-268.

—, Hodgkin, T., Williams, J. T. & Haq, N. 2002b: Underutilized crops: trends, challenges and oppor-
tunities in the 21st Century. in: Engels, J. M. M. & al. (eds.) Managing plant genetic resources:
323-338, Bioversity International, Maccarese (Rome).

— & Hoeschle-Zeledon, 1. 2004: Underutilized plant species: what are they? - LEISA 20(1): 5-6.

Perrino, P. & Hammer, K. 1982: Triticum monococcum L. and T. dicoccum Schubler (Syn of T. dic-
occon Schrank) are still cultivated in Italy. — Genet. Agr. 36: 343-352.

Perrino, P. & Hammer, K. 1984. The Farro: further information on its cultivation in Italy, utilization,
and conservation (1) - Genet. Agr. 38: 303-311.

Pistorius, R. 1997: Scientists, Plants and Politics, Bioversity International, Maccarese (Rome)

Polunin, O. & Huxley, A. 1987: Flowers of the Mediterranean — London.

Porfiri, O., Papa, R. & Veronesi, F. 1998: 1l farro nel rilancio delle aree marginali umbro-marchi-
giane. Quaderni del CEDRAV “Conservazione delle varieta locali di farro in Italia: aspetti
genetici e culturali”. — Atti convegno, Monteleone di Spoleto, 17 agosto 1998.

Provincia di Catania s.a.: Piano Territoriale Provinciale di Catania (ex art.12 L.R.9/86)
“Direttive Generali da Osservarsi nella Stesura del P.T.P.”.
—http://www.provincia.ct.it/Il_Territorio/ Territorio_ed Ambiente/Pianificazione Ter-
ritoriale/pdf/direttive generali.pdf (accessed 19 Aug 2008).



142 Hoeschle-Zeledon & al.: Making the most of wild and relict species ...

Raschke, V. & Cheema, B. 2007: Colonization, the new World Order, and the eradication of tradi-
tional food habits in East Africa: historical perspective on the nutrition transition.

Rayne, S. & Mazza, G. 2007: Biological activities of extracts from sumac (Rhus spp.): a review.
National bioproducts and bioprocesses program, Pacific Agri-Food Research Centre,
Agriculture and Agri-Food Canada: 1-37.

Regione Campania, 2004: PRUSST Calidone “Progetto pilota per I’implementazione di filiere
agroalimentari” FILIERA CEREALI First annual report. —http://www.calidone.it/
ProgPillmplFilAgrol/progetti/CEREALI PDF DEF/master cereali definitivo.pdf (accessed
19 Aug 2008).

Regione Siciliana s.a.: Assessorato Regionale dei Beni Culturali ¢ Ambientali e della Pubblica
Istruzione, Dipartimento dei Beni Culturali e Ambientali e della Educazione Permanente.
“Linee Guida Piano Territoriale Paesistico Regionale”. — http://www.regione.sicilia.it/ beni-
culturali/dirbenicult/bca/ptpr/02articolazione.pdf (accessed 19 Aug 2008)..

Regione Toscana 2000: Piano di Sviluppo Rurale 2000-2006. IIV.8 Selvicoltura. —
http://www.rete.toscana.it/sett/agric/srurale/psr/iv5.htm (accessed 19 Aug 2008).

Repubblica Italiana 1961. Atti Parlamentari, Camera dei Deputati, Session 385. —
http://legislature.camera.it/ dati/leg03/lavori/stenografici/sed0385/sed0385.pdf (accessed 19
Aug 2008).

SCRD.net s.a.: http://www.scrd.net/scrd_new/anglais/ft/retan/r_blkm.htm (accessed 19 Aug 2008).

Senauer, B. 2001: The food consumer in the 21st Century: New research perspectives. Paper prepared for
the 71st EAAE Seminar: The Food Consumer in the 21st Century, April 18-20, 2001. — Zaragoza.

— & Goetz, L. 2003: The growing middle class in developing countries and the market for high-
value food products. Workshop on Global Markets for High-Value Food. — Washington, DC.
http://www.farmfoundation.org/news/articlefiles/214-KlausgrunertHVP-paper3-13-
03_000.pdf. (accessed 19 Aug 2008).

Stallknecht, G. F., Gilbertson, K.M. & Ranney J.E. 1996: Alternative wheat cereals as food grains:
Einkorn, emmer, spelt, kamut, and triticale. pp. 156-170. in: Janick, J. (ed.) Progress in new
crops. — Alexandria.

Swaminathan, M. S. 2005: Biodiversity and Millennium Development Goals. In: Bala Ravi, S.,
Hoeschle-Zeledon, 1., Swaminathan, M.S. & Frison, E. (eds.) Hunger and poverty: the role of
biodiversity, Report on an International Consultation: The role of biodiversity in achieving the
UN Millennium development goal of freedom from hunger and poverty, Chennai, India, April
18-19, 2005, Bioversity International, Maccarese (Rome).

— 2006: An Evergreen Revolution — Crop. Sci. 46: 2293-2303.

Turker, A.& Usta, C. 2006: Biological activity of some medicinal plants sold in Turkish health-food
stores. — Biodiv.Ecosyst. Biotechnol. Biotechnol. Equip.: 105-113.

Tiirkmen, N., Kirici, S., Ozgiiven, M., Inan, M., & Alpaslan Kaya, D. 2004: An investigation of dye
plants and their colourant substances in the Eastern Mediterranean Region of Turkey. — Bot. J.
Linn. Soc. 146(1): 71.

Troccoli, A. & Codianni, P. 2005: Appropriate seeding rate for einkorn, emmer, and spelt grown
under rainfed condition in southern Italy. — Europ. J. Agron.. 22(3): 293-300.

Vazzana, C. 1996: The role of farmers’ associations in safeguarding endangered populations of farro
in Italy. In Padulosi, S., Hammer, K. & Heller, J. (eds.) Hulled wheats. First International
Workshop on Hulled Wheats, 21-22 July 1995, Castelvecchio Pascoli, Tuscany, Italy.
Promoting the conservation and use of underutilized and neglected crops, Bioversity
International, Maccarese (Rome).

WHO 2002: Traditional Medicine Strategy 2002-2005, Document WHO/EDM/TRM/2002.1: 13 — Geneva.

Zohary, D. & Hopf, M. 1993: Domestication of plants in the Old World, the origin and spread of cul-
tivated plants in West Asia, Europe, and the Nile valley. 2nd ed. — New York.



Bocconea 23 — 2009 143

Websites Consulted
http://www.archeoambiente.net/monteleone/farro.htm.
http://www.terredelgattopardo.it/members_area/uploads/Sambuca_di_Sicilia.pdf.

Addresses of the authors:

Irmgard Hoeschle-Zeledon,

Coordinator CGIAR SP-IPM, c/o IITA, Oyo Road, Ibadan, Nigeria

Email: i.zeledon@cgiar.org; www. spipm.cgiar.org

Stefano Padulosi,

Diversity for Livelihoods Programme, Bioversity International, Via dei Tre Denari,
472/a, 00057 Maccarese, Rome, Italy. Email: s.padulosi@cgiar.org

Alessandra Giuliani,

Bioversity International, Via dei Tre Denari, 472/a, 00057 Maccarese, Rome, Italy.
Currently working at Swiss College of Agriculture, Laengasse 85, CH-3052
Zollikofen.

Email: giuliani.ale@gmail.com

Ussama Al-Haj Ibrahim, General Commission for Scientific Agricultural Research,
Horticultural Research Administration, Medicinal, Aromatic & Ornamental Plant
Department, P.O.Box 113, Damascus, Douma, Syria

Email: wissamus(@scs-net.org






U. Plitmann, E. Plammer, L. Hanus & O. Cohen

Domestication of native Mediterranean spices with an emphasis on api-
aceous condiments

Abstract
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1120-4060.

Over 70 species of indigenous condiments are grown in cultivation, locally or widely, in the
Mediterranean Region, the Near East and the surrounding countries. Over 30 belong to the
Lamiaceae (leaf condiments), a dozen or more to the Apiaceae (fruit/seed and leaf condiments),
the rest belong to several other families. Most have been known as useful (particularly medic-
inal) plants since Greek-Roman times, or even before, i.e. for over twenty centuries. Yet, there
is no study on their domestication pathway or the selection trends during this process.
Accordingly, our aim has been to find out such evolutionary changes. We hypothesized that
selective changes would be revealed in the productivity of the species, in their germinability
and dispersal, and in their chemical constitution.

To test the hypothesis, 7 species and varieties of the Apiaceae family were chosen: Coriandrum
sativum (wild populations vs. cultivated variety), Apium graveolens (wild and cultivated), Apium
nodiflorum (wild populations), Anethum graveolens (cultivar) as compared with the phenetical-
ly resembling Ridolfia segetum (wild). All are considered herbaceous self-compatible units.
The methods used were in accordance with the purposes: field surveys, censi and collections,
growing the plants in a net-house, studying their life-cycle and productivity (numbers of flowers,
fruits and seeds), measuring fruit and seed dispersal, chemical analyses of aromatic compounds
and essential oils in both leaves and seeds with gas chromatography/mass spectrometry (GC/MS).
The results substantiate our hypotheses: (1) In all treatments, germinability of the cultivated
species is considerably higher than that of the wild populations (over 70% vs. 0-60% respective-
ly); (2) Seed-/fruit- set in the cultivars is usually higher (25-45%) than that of the wild populations
(1.2-20%) with the exception of coriander (65% seed-set in the supposedly wild populations); (3)
The chemical spectra of the wild species or populations are rather wider, with numerous aromat-
ic compounds, than those of the cultivated plants, whereas the later feature fewer compounds but
with higher concentrations in both leaves and seeds. In this respect, one of the conclusions is that
taste, combined with the olfactory sense, could function as important selection factor in the breed-
ing of condiments, and very probably in the domestication of other food plants.

Introduction

Based on data compiled from various sources (French 1971; Rosengarten 1973; Morton
1976, 1977, Bailey & Bailey 1977; Purseglove & al. 1981; Duke 1985, 1992; Heywood &
Zohary 1995; Small 1997; NIIR Board 2006) and relevant Floras, we have compiled a
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database of the indigenous condiments that are cultivated in the Mediterranean region. It
stores information on over 70 species grown in cultivation, locally or widely, indigenous
to the Mediterranean region and the Near East. The families and the life-form of the
species are shown in Table 1. Alien cultivars, which amount to a few dozens, and wild
condiments with no related cultivars were excluded.

Many of the species belong either to the Lamiaceae (usually leaf- or flower-condi-
ments) and the Apiaceae (usually leaf- or seed/fruit condiments). Over 90% are annu-
al, biennial, hemicryptophytes and shrublets, a few are tall shrubs and trees (e.g.
Laurus nobilis).

Beside their usage for food flavoring and preservation, they are used for other various
purposes: food additives (e.g. parsley), medicinal plants (e.g. fennel), tea flavors, and even
as ornamental plants (e.g. Salvia officinalis, Ruta, species of Artemisia) .

Most of the cultivated condiments have been domesticated centuries ago (celery, for
example, and see Helm 1972, Smartt & Simmonds 1995), especially during the Greek-
Roman times or even before (e.g. garlic and onion, Nigella sativa). It means that hundreds
of generations have been subjected to artificial (directional) selective pressure.

We consider that the first condiments had been collected from nature, as “folk condi-
ments” (much like medicinal plants), later they were grown methodically and regularly (=
domesticated) for permanent self-usage and for trade.

Unlike domesticated plants of staple food and several vegetables, there is no study
focusing on the domestication modes of condiments and the trends of selection during
this process. There are, however, many studies concerning the present agricultural and
commercial situation (e.g., Diederrichsen 1996), and numerous investigations of the
chemical elements responsible for the flavoring and medicinal effects, particularly the

Table 1. Families and life-forms of native Mediterranean condiments.

Family Number of species usable organs

Lamiaceae 31-32 leaves, sometimes flowers
Apiaceae 14-15 fruits/seeds, leaves
Compositae 6 leaves and flowers
Brassicaceae 6 seeds or leaves

Others 20

Life forms

Annual & perennial herbs ~ 53%
Shrublets 40%

Tall shrubs & trees 7%
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diverse aromatic compounds and their bio-activity (e.g., Simon 1990, Singh & al.
2002, Kubo & al. 2004).

The family Apiaceae is replete with such investigations. Thus, multitudes of new com-
pounds have been revealed since the summations in Heywood (1971) and the comprehen-
sive study of Hegnauer (1973).

This family contains economically important species, several of which are multi-pur-
pose (e.g. celery, carrots, even Conium). All produce typical essential oils as well as other
chemicals, some of which are highly toxic.

A few years ago, we have carried out a project for the Israeli Gene Bank, on the wild
relatives of Apiaceous condiments (and medicinal plants) growing wild in Israel. Part of
this project was dedicated to comparisons between wild taxa and their cultivated counter-
parts. These comparisons, by which we could deduce which changes had occurred in the
process of condiment’s domestication, are the basis of this study.

Hypotheses and aims

We assumed a priori that the selection pathways in the domestication of herbaceous

Apiaceous condiments could have followed three main trends:

1. Higher rates of germination, particularly in annual/biennial species.

2. Higher reproductive rates expressed as number, size or dispersability of fruits (when
seeds are the usable organ).

3. Higher relative concentrations of certain (aromatic) compounds, with reduction of other
chemicals.

The first two trends are typical of other herbaceous domesticated plants (Smartt &
Simmonds 1995; Plitmann & Kislev 1989). The third trend might characterize condiments
and medicinal plants in general.

Other possible trends could include: seasonality and (later, mainly in modern times)
augmentation of vegetative biomass, especially in condiments consumed also as vegeta-
bles.

Thus, our principal aims have been to reveal particular changes that occurred during the
domestication of Apiaceous condiments. By these, we could learn the trends of selection
in this process. Specifically, we have focused our investigations on changes in reproduc-
tive, physiological and chemical characters of the fruits (seeds), being the main target of
selection, and also compared the chemical constitution of the leaves.

Materials and methods

Materials

There are almost 120 species of Apiaceae in Israel and Jordan (Zohary 1972). According
to our database, 18 species are considered useful plants and/or related to economic culti-
vars. For our study, we have chosen five species that present wild and domesticated taxa,
as follows:
1) Apium graveolens L.: 11 wild populations, phenetically much resembling the cultivat-
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ed stocks. The populations were located near rivers and springs, growing on more or
less salty soils.

A. graveolens cultivars: 2 identical cultivars.

This species is annual or biennial.

A. (Helosciadium) nodiflorum (L.) Lag.: 8 populations.

It is a perennial herb, growing in or close to fresh water, with strong vegetative propa-
gation.

2) Coriandrum sativum L.: 7 wild populations [Fig. 1], one of which (from the Golan
Heights) is suspected as feral, two others could be escaped from cultivation becoming
feral/wild. Mt. Carmel populations are very probably wild, growing in clearings among
the natural Mediterranean vegetation.

C. sativum cultivars: 2 identical cultivars.
All are annual, short-living plants.

3) Ridolfia segetum (L.) Moris: 11 populations. It is an annual selfer, rather common,
growing as post-harvest weed in dense populations in fields. It is common in the East
Mediterranean and used locally as a substitute for dill (Anethum graveolens)

4) Anethum graveolens L.: 2 different cultivars from S European origin but grown in Israel
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Fig. 1. Distribution of Coriandrum sativum in Israel. O = investigated sites, 0 = herbarial sites.
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for local consumption. This annual taxon is resembling Ridolfia (common in the E
Mediterranean) in vegetative morphology, scent and usage.

All are self-compatible and produced seeds in insect-proof nethouse.

Pituranthos and Foeniculum, though similar in flavor and usage, have been early
excluded, for various reasons: they differ in life-forms from the rest (tall hemi-crypto-
phytes or shrubs) with unknown breeding system, and the latter is not a typical culti-
vated condiment, being under intensive chemical-medicinal investigations. Besides, one
of the two Pituranthos (Deverra) species, P. triradiatus, is known as very poisonous
plant, especially for cattle.

Methods

Field work included collections of material and surveys to prepare a “passport” that
characterizes each wild population (phenology, density, morphological variability, and
ecological conditions in the habitat). The collected plants and fruits were used for further
examinations such as diaspore behavior, germinability, chemical analyses.

The plants were grown in an insect-proof nethouse, in pots (with rich soil, about 3 plants
per pot), 15-40 plants of each species, in two successive years. These plants served for phe-
nological (life-cycle) observations, as well as for the above-mentioned examinations.
Since seeds of wild Coriander from the Carmel did not germinate, we grew young plants
transplanted from their natural habitat.

Besides, in 5 plants of each population or cultivar, numbers of umbels, flowers, fruits
and seeds were scored in order to calculate their seed-set.

In the germinability test, we have used Petri dishes with 20 seeds in each, for each of
four sets: darkness - cold pretreated and not pretreated seeds, day light — cold pretreated
and not pretreated seeds (the latter used as control), with 2-3 repetitions at different dates.

For the chemical analyses we have adapted the methods of Barazani & al. (1999). For
the extracts (cold extractions), we have measured 40-50 g of dried matter or seeds, and the
solvents were ethanol, petroleum ether or hexane. The various extracts were analyzed in
gas chromatography/mass spectrometry (GC/MS) for their aromatic compounds or essen-
tial oils.

The results of the life-cycle and phenological comparisons are excluded from this paper
being out of its scope, and are reported and discussed elsewhere (E. Plammer, MSc Thesis).

A detailed list of populations and their “passports”, and procedures of extractions are
available from the Authors.

Results

The results are summarized in Tables 2-5.

Germinability (Table 2): lower germination rates are experimentally obvious in the
wild populations. The difference between the wild populations and the cultivar is notice-
able in Coriandrum but also significant between other pairs. Seeds of the wild coriander
did not germinate in any of the usual treatments and probably need special treatments or
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Table 2. Rates of experimental germination.

SPECIES WILD CULTIVARS STATISTICS
POPULATIONS (%) (%) (ANOVA)
Coriandrum sativum 0 80-90 significant
10 (probably escaped) difference
Apium graveolens 30-45 55-70 significant difference
Ridolfia segetum 36-55
Anethum graveolens 56-74

climatic conditions in order to germinate. The feral population retained some germinabil-
ity yet significantly lower than the cultivar.

Reproductivity (Table 3): in general, there is a significantly higher seed-set in most cul-
tivars, seemingly not at the expense of the vegetative biomass. This situation exists even
in leaf-condiments (where lots of seeds are needed for raising the next annual crop). Such
a goal was readily achievable in multi-flowered plants like Apium, Anethum and Ridolfia.
It is more problematic in Coriandrum in which the wild and the feral types produce rela-
tively more seeds, as compared with a leaf-cultivar.

On the other hand, disengagement of the diachene into two units is almost nil in corian-
der, and most of the ripened fruits remain for long attached to the mother plant. In this
species, non-dispersal seems to be a pre-adaptation. Separation (disengagement) of the two
units is higher in the wild type of Apium graveolens and similar in Ridolfia and Anethum,
both actually being leaf condiments. In the latter species the plants shed most of their fruits
but always few to many (up to 30%) remain attached to the drying umbels.

Table. 3. Seed set and dispersability.

SPECIES PRODUCTIVITY % OF DETACHED NOTES
R =SEEDS/FL %  MERICARPS

Coriandrum sativum (wild) 64.8 * 0

C. sativum (cult.) 44.6 * 0 leaf condiment
Apium graveolens (wild) 15.5* 55

A. graveolens (cult,) 24.6 * 45 leaf condiment
A. nodiflorum 1.1%* - vegetative propagation
Ridolfia segetum 18.5* >70 leaf

Anethum graveolens 29.0 * >70 leaf

*) difference significant at o = .05
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Chemical analyses (Tables 4, 5a, 5b): some of the results of the chemical analyses are
partial or just indicative and we are working at present to complete these analyses.
Moreover, it is known that several factors may affect the expression and variability, even
the intensity of the smell, of the plant’s (defense/ secondary) substances (e.g. biological -
the population genetic structure; the developmental phase; the organ; environmental —
habitat’s ecology; season). In spite of these handicaps, certain indications are quite obvi-
ous, as follows.

Diversity of compounds (Table 4): the number of peaks in the output graphs of the
chemical profiles of each species served as an estimate of the diversity of compounds.
Note, however, that there are more peaks than the number of determined substances since
many compounds could not be identified (e.g. over 7 compounds in the seeds of
wild/escaped coriander, over 7 compounds in the leaves of Ridolfia segetum). Some of
those compounds are probably intermediate in the biosynthetic pathway.

Generally, wild types feature higher chemical diversity than cultivars. There is a higher
diversity in the leaves of the wild types of Coriandrum and Apium (but lower diversity of

Table 4. Diversity of compounds.

SPECIES EXTRACT ABUNDANCE NUMBER OF
(lower) LEVEL PEAKS

Coriandrum sativum — wild leaves-organic 1/1000000 27

« ethanol 1/1000000 9-10
C. sativum — cult. leaves-organic 1/1000000 15-16

= ethanol 1/1000000 8
C. sativum — escaped? fruits-organic 4/1000000 5-6

“ ethanol 2/100000 13
C. sativum — cult. fruits-organic 4/1000000 6-7

« ethanol 2/100000 10
Apium nodiflorum leaves-organic 1/1000000 4

«“ ethanol 3/100000 8-9
A. graveolens - wild leaves-organic 1/1000000 15

« ethanol 3/100000 11-12
A. graveolens — wild fruits-organic 2/1000000 6

«“ ethanol 2/100000 7-8
A. graveolens — cult. fruits-organic 2/1000000 4

«“ ethanol 2/100000 3-4
Ridolfia segetum leaves-organic 2/1000000 19

« ethanol 1/1000000 16
Anethum graveolens leaves-organic 2/1000000 5-6

«“ ethanol 1/1000000 2-3
Ridolfia segetum fruits-organic 1/1000000 1-2

«“ ethanol 4/100000 2
Anethum graveolens fruits-organic 1/1000000 5
«“ ethanol 4/100000 2
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aromatic compounds in Apium nodiflorum). Likewise, the chemical diversity of the seeds
is higher in the wild populations of Apium graveolens, probably in Coriandrum. In the lat-
ter species, the chemical diversity of the fruits of the “escaped” population is almost equal
to that of the cultivar.

The diversity in the leaves of the cultivars is lower than in the leaves of the wild plants,
in organic/ethanol extracts; the fruits of the cultivars feature lesser diversity than in the
wild types. Exceptions are Apium nodiflorum (low diversity in the leaves) and Anethum
graveolens (chemical diversity of the fruits is higher than in Ridolfia segetum, both leaf
condiments).

Chemicals: Tables Sa, 5b sum up the identified (mostly aromatic) compounds abundant
in the investigated taxa. In order to simplify the table, we have omitted common fatty acids
(like palmitic and linoleic acids) as well as several compounds present in minor concen-
trations (lower than 0.5 %) even if some of them may be species-specific or biologically
functional.

Cultivars usually contain fewer compounds, some in concentrations higher than their
wild counterparts, some even missing in the wild types. For example, selinene and b-
caryophyllene have much higher concentrations in the leaves of Apium cultivars, the aro-
matic ethylebenzene is significantly more abundant in the leaves of the cultivated
Coriandrum, and a-phellandrene is present in the leaves of Anethum graveolens in 43-48.8
% vs. less than 7.1 % in Ridolfia segetum. Likewise, in the seeds of the cultivated Apium,
4-vinyl-2-methoxy phenol has 1.0 % vs. less than 0.15 % in the wild type; in the seeds of
Coriandrum, linalool is present in the cultivar with 32.5-72.7 % vs. less than 13.3 % in the
wild type; and Anethum seeds have 96.7 % carvone, vs. 2.1 % in Ridolfia.

On the other hand, certain compounds, probably with biological activity, are more abun-
dant in the wild types. Some of these may function as attractants, several others as defense
mechanisms (e.g. in the species of Pituranthos).

Discussion and conclusions

In this study we have tried to reveal the differences between wild and cultivated
Apiaceous condiments, from which we can deduce the evolutionary trends and pressures
in their initial domestication.

The results substantiate our hypotheses that during the domestication process of
herbaceous Apiaceous condiments, selection pressures were directed towards (1) high-
er germinability, (2) higher seed reproduction being beneficial to both growers of
seed- or leaf-condiments, and (3) augmentation (higher expression) of particular
chemical compounds, or certain secondary metabolites, leading to evolutionary
changes of the chemical spectra.

Considering these trends in the investigated Apiaceae, what were the pathways or
mechanisms of condiment’s domestication? Since we have not dealt with recent, “profes-
sional” breeding activities (e.g. formation of leaf— and rootstock varieties of Apium grave-
olens), our conclusions apply to the initial, “ancient”, domestication. Likewise, our con-
clusions may not apply to shrubby perennials: this life-form has been difficult to grow and
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reproduce on the one hand, and such plants (like Foeniculum) present a more or less per-
manent and constant supply of usable material from nature.

At those ancient times, people have already had a long history of experience of col-
lecting seeds and fruits, picking leaves, uprooting underground organs, plucking (tearing
off) whole plants (like lentils and coriander), and — as farmers — growing them in cultiva-
tion. The growers used their senses and former knowledge to select plants from the wild-
life around them and introduce those into cultivation. For spices, the sense of taste, natu-
rally combined with the olfactory sense, should have been the major selective means.

As noted, other characters selected for were originally reproductive (e.g. larger fruits

Table 5. Identified aromatic compounds abundant in the leaves (a) and fruits/seeds (b) of wild and
cultivated apiaceous condiments.

sativum - wild

Coriandrum
sativum — cult

undecanoic acid [<1.0]  -decanes [1.2]

stigmasterols [1.8]
linolates [2.3]

myristic acid [<1.0]
neophytadiene [<1.0]

B-myrcene [1.1]

n-nonane [2.5]
decanal [1.2]

(a) Leaves
Taxon ethanol extraction hexane or petroleum ether extraction
Apium limonene [70.7] B-selinene [9.8-12.5] limonene [6.9-36.3] B-selinene [16.4-34.6]
graveolens benzenacetyldehyde [2.3] ethylbenzene [2.0] B—caryophyllene [<1.0]
wild myrcene [1.0] -decanes [6.4] neophytadiene [1.6-21.1] xylenes [<1.0]
a—terpinene + terpinolene [0.9-2.9]
hexahydrofarnesyl acetone [2.9]
-decanes [1.7-5.3]
Apium B—caryophyllene [15.5-19.2] B—caryophyllene [15.8-31-8]
nodiflorum a—caryophyllene [1.1] a—caeyophyllene [<1.0-1.9]
caryophyllene oxide [13.9] caryophyllene oxide [21.3]
dillapiole [33.3] neophytadiene [10.8-19.5] dillapiole [8.9-14.9] neophytadiene [8.7-17.2]
hexahydrofarnesyl acetone [4.2] bicycloelemene [3.6] y—elemene [5.2]
bicycloelemene [1.2] limonene [2.0-6.9] aromadendrene [1.9]
B—selinene [<1.0] a—copaene [<1.0-2.6] a—copaene [2.1-3.4] germacrene D [1.8-2.1]
bicyclogermacrene + germacrene D [3.1] bicyclogermacrene [4.4-6.4]
aromadendrene [1.0] -decanes [6.3] a—terpinene + terpinolene [3.8]
-decanes [2.3-4.1] penta-nonacosane [1.5]
Coriandrum  oleoamide [7.1] y-sitosterol [1.4] oleoamide [4.1] 1-docosene [3.3]

-decanes [6.8]
n-nonanal [<1.0]

dodecanoic + tridecanoic acids [2.6]

stigmasterol [1.8]
linolates [8.9]
decanals [<1.0}
neophytadiene [<1.0]

limonene [<1.0]
dill ether [<1.0]

ethylbenzene [5.9]
xylenes [2.7]
-decanes [3.2-19.4]
y—sitosterol [<1.0]

Ridolfia dillapiole [>2.5] p-cymene [8.5-14.4] p-cymene [2.1-9.9] p-cymen-8-ol [2.9]
segetum a—phellandrene epoxide [5.6-7.1] a—phellandrene epoxide [4.3-5.3]
p-cymen-8-ol [1.0-2.4]  -decanes [1.0] dillapiole [3.6-12.4] o + B—pinenes [2.0]
(acetic acid [11.8-15.5]) a/B-phellandrenes [3.7] limonene [2.4]
pentacosane [2.7-6.7] nonacosane [1.7]
xylenes [10.5] -decanes [2.4-7.1]
trans-caryophyllene [<1]
Anethum a—phellandrene [48.8] o-cymene [11.0] a—phellandrene [43.0] B—phellandrene [2.5]
graveolens p-cymene [2.7] sabinene [3.7] o-cymene [4.3] a—pinene [1.5]
cult cyclohexanone [7.3] myristicin [2.2] cyclohexanon [2.7] myristicin [2.9]

decanes [<1.0]
dillapiole + apiole [<1.0]
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Table 5. Continued.

(b) fruits/seeds

Taxon ethanol extraction organic extraction

Apium limonene [20.5] limonene [11.9]

graveolens — wild naphthalene [13.4] a—selinene [<1.0]
Apium 4-vinyl-2-methoxy phenol [1.0] limonene [6.3] carvone [<1.0]

graveolens — cult carvone [1.7]

Coriandrum  n-undecane [33.0] n-decanal [1.1] geranyl acetate [2.7]
sativum — feral trans-2-heptanal (13.0]  butyrolactone [1.5]

Coriandrum  linalool [8.2-13.3] dodecanoic acid [4.3] linalool [32.5-72.7] geranyl acetate [11.2-21.4]

sativum — cult o—terpinolene [59.3] geranyl acetate [2.4] borneol [5.3] n-octane [3.4]
eicosane [1.8] DL-camphor [<1.0] ethylbenzene [1.4] un- do-decanes [19.1]
tetra- octa-decanes [27.4]

Ridolfia apiole/isodillapiole [27.4] dillapiole [29.9] dillapiole [95.5]

segetum carvone [2.1]

Anethum carvone [96.7] limonene [<1.0] carvone [93.1] ethyl octacanonate [1.7]

graveolens — cult cis-dihydrocarvone [<1.0] oleic acid ethyl ester [1.8] limonene [<1.0]

[in brackets - % in the specific extract(s)]

in the feral population of coriander, originally raised for seeds; inhibited disengagement of
the fruit) or physiological (germinability, phenology).

However, in accordance with the function/utilization of condiments, the selection was
principally chemical, i.e. expressed in chemical differences. The explanation for the chem-
ical differences is that wild populations have to retain a diversity of defense compounds
(as, for example, in. Apium species), whereas the domesticated units have been subjected
to directional selection for particular flavoring compounds, probably concurring with
reduction or elimination of others, which may result in a lower chemical diversity. By rais-
ing the concentration level, higher efficiency and value of the crop are achieved.
Accordingly, it is obvious from our analyses, that certain compounds are present in high-
er concentrations in cultivated condiments than in their wild counterparts, as detailed in the
Results (Table 5).

By such selection, particular defense mechanisms (namely, defensive substances
and attractants), which are rather common in Apiaceae, have been enhanced, augment-
ed. This situation is in contrast to the selection trends “against nature” in many staple
crops and edible fruits (and see Pickersgill & Heiser 1976, Smartt 1980, Plitmann &
Kislev 1989, among others).

Summing up the typical and special identified compounds found in the investigated
taxa, as based on our results (Table 5), relevant literature (Duke 1992, Miraldi 1999,
Diederrichsen & Hammer 2003, Eyres & al. 2005, Pala-Paul & al. 2005, among others)
and Internet reliable data, it seems that certain aromatic compounds are common to sys-
tematically different taxa thus featuring parallel homology, an evolutionary phenomenon
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which is rather common in Apiaceae at all levels. For example: limonene in the leaves of
Apium nodiflorum and Coriandrum sativum, cymene and pinene in Ridolfia and Anethum;
carvone in the seeds of Apium graveolens, Ridolfia and Anethum.

Certain taxa contain unique or comparatively highly abundant compounds which can
be used for taxonomic determination and systematic evaluation. For example: selinene is
typical of Apium graveolens, dillapiole of Ridolfia and linalool of Coriandrum sativum.
For instance, according to such differences, we could identify Apium nodiflorum and dis-
tinguish it from A. graveolens.
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Taxonomic and nomenclatural aspects of a Helichrysum species scattered along the Tyrrhenian
coasts of Italy are discussed. The problems of status and typification of the two names that refer
to it, Gnaphalium angustifolium and Helichrysum litoreum, are solved. H. litoreum Guss.,
accepted as correct, is treated as an avowed substitute for H. angustifolium (Lam.) DC. [non
(Lam.) Pers.]. Somewhat similar plants that have arguably arisen from hybridisation between
H. litoreum and H. italicum are also discussed. They are best considered as a maritime ecotype
of H. italicum, for which the name H. italicum subsp. pseudolitoreum is available.

Introduction

In their recent revision of the Mediterranean taxa of Helichrysum sect. Stoechadina
(DC.) Gren. & Godr., Galbany-Casals & al. (2006) recognised as “H. angustifolium
(Lam.) DC.” a taxon spread along the Tyrrhenian coast of Italy, southward to the Eolie
Islands, also sporadically extending, toward the N and E, to Istria and Dalmatia. The dis-
tinction between their “H. angustifolium” and H. italicum (Roth) G. Don is not always
easy, as there are plants that present intermediate characters and have sometimes been
considered as hybrids. The nature of these presumed hybrids is still open to some doubt.
There is also the question of whether the fragmented area from which “H. angustifo-
lium” has been recorded may have led to geographical differentiation into taxonomical-
ly recognisable taxa, and whether indeed the species as a whole is a natural unit or might
have arisen repeatedly through parallel adaptation of the widespread H. italicum to mar-
itime cliff habitats.

In addition to these problems of a taxonomic nature, which we consider as yet not fully
resolved, there appear to be a number of nomenclatural inconsistencies in the treatments
published so far, requiring clarification. They concern both the Tyrrhenian species itself
and its presumed hybrids with Helichrysum italicum.
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Taxonomy

As circumscribed by Galbany-Casals & al. (2006), “Helichrysum angustifolium” essen-
tially consists of three geographically disjunct maritime, Tyrrhenian populations, growing,
respectively, on the Eolie Islands NE of Sicily, in the surroundings of Naples including the
island of Ischia, and in the coastlands and archipelago of Tuscany. In addition, isolated
localities in Istria, Dalmatia and in the northern Apennines were mapped by these authors.

The species as a whole is variable, but any morphological boundaries that might be con-
strued between the three Tyrrhenian populations are blurred by the conspicuous variation
observed between their geographically discrete subpopulations (particularly those on indi-
vidual islands). We therefore coincide with Galbany-Casals & al. (2006) in recognising the
three Tyrrhenian populations as a single species, bearing in mind that future studies,
notably those using molecular techniques, might eventually result in a clearer picture and
justify a formal infraspecific classification.

By its involucral features (numerous, regularly imbricate, + closely appressed bracts,
the outer ones woolly on the back), this species is similar to Helichrysum italicum, from
which it differs in capitulum shape (ovate-campanulate rather than conical-cylindrical at
full anthesis) and flower number (23-30 against (13-) 15-18, on average). The differences
in the vegetative parts are more pronounced: a more robust stem and thicker peduncles,
longer, firmer leaves and a thick, felted indumentum of all parts permit a ready visual dis-
tinction from the slender H. italicum with its almost filiform, relatively short leaves and
thinner indumentum, especially on the adaxial side of the leaves (see Fig. 1).

Outside of the well documented Tyrrhenian distribution area, a few published records
of “Helichrysum angustifolium” from the Adriatic coast exist. Bedalov & GazZi-Baskova
(1987) mention it, as H. litoreum, from Kornat Island, and Galbany-Casals & al. (2006)
from the southern tip of Istria (two further mapped occurrences of theirs, which are not
covered by their stated taxon distribution, we disregard as being likely due to misplaced
symbols). We have not yet been able to study the corresponding specimens but are uncon-
vinced that they really belong to the Tyrrhenian species. The taxon widespread in Croatia
is H. italicum, which indeed may show some of the (particularly vegetative) features of the
Tyrrhenian species when growing in cliff habitats under strong maritime influence. A def-
inite conclusion must await the study of natural populations in the field, but for the time
being we doubt the occurrence of “H. angustifolium” in Dalmatia.

A related problem is the existence of alleged hybrids between the Tyrrhenian species
and Helichrysum italicum. Galbany-Casals & al. (2006) report them from three widely dis-
tant localities: Mt. Argentaro on the coast of Tuscany and, on or close to the Adriatic coast
of Italy, the Gargano Peninsula and San Marino. Mt. Argentaro lies well within the area of
“H. angustifolium”, but it is doubtful whether either of the presumed parents exists on the
Argentaro promontory itself; rather, the postulated hybrids appear to form a separate pop-
ulation on Mt. Argentaro, in the absence of their possible progenitors. In the two other
localities, from where we have not seen material, H. italicum is present close by — but not
the Tyrrhenian species. Mt. Titano, the citadel rock of San Marino, is not far off the coast
and might provide a suitable habitat for the latter. The same might be said for the Gargano
Peninsula, were it not for the habitat mentioned (perhaps incorrectly?) on a corresponding
label: sandy shores. In addition in Sardinia, where the Tyrrhenian species is absent, there
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Fig. 1. Specimen of the Naples population of Helichrysum litoreum, collected just west of Gaeta.
reproduced by kind permission of the Herbarium, Museo di Storia Naturale, Universita di Firenze (FI).
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is a further population of plants that cannot be told apart from the Mt. Argentaro taxon. It
is reported by Bacchetta & al. (2003), under the name H. italicum subsp. pseudolitoreum
(Fiori) Bacch. & al., from near Buggerru on the island’s south-western coast, The only
other Helichrysum present in that area is H. saxatile subsp. morisianum Bacch. & al.

Whereas morphology would support the hybrid nature and proposed parentage of these
plants, the biological context does not. The obvious interpretation, to us, is that they orig-
inated from Helichrysum italicum as a coastal ecotype of rocky habitats that is best recog-
nised as a distinct subspecies, because at least on Mt. Argentaro and presumably also in
Sardinia it forms autonomous populations. The question of whether the plants from
Gargano and St. Marino belong to it or, rather, are aberrant individual variants of otherwise
typical H. italicum, as one may well suspect, can be answered only by population studies
in the field.

Nomenclature and typification

The problem of establishing the correct nomenclature of the Tyrrhenian species is sur-
prisingly complex. The following names have been applied to representatives of
“Helichrysum angustifolium” in the sense of Galbany-Casals & al. (2006).

Gnaphalium angustifolium Lam., Encycl. 2: 746. 1788 = Helichrysum angustifolium
(Lam.) DC. in Lamarck & Candolle, FI. Frang. ed. 3, 5: 467. 1815 [non (Lam.) Pers. 1807]. —
Lectotype (Hilliard & Burtt 1981: 238): “Gnaphalium angustifolium Lam. Dict. / Elichrysum
umbellatum, maritimum 452 | Chrysanthemum [+ description] // Elichrys. umb. Barr. / Ex
Mont. Paucilypo ex agro Neap. / Chev.” (P-JU No. 8536 [IDC microfiche No. 627-A4!]).

The type specimen undoubtedly belongs to the Tyrrhenian species, but the name is
unavailable in Helichrysum, being a later homonym of H. angustifolium (Lam.) Pers. The
latter is based on Xeranthemum angustifolium Lam. and designates a S African species.
Furthermore, H. angustifolium is a confused name, because Candolle (1838) and subse-
quent authors applied it to the species now known as H. italicum. Gussone (1844) was
therefore doubly right in rejecting H. angustifolium, under what are now Art. 53 and 57 of
the Code (McNeill & al. 2006), when publishing the following name.

Helichrysum litoreum Guss., Fl. Sicul. Syn. 2: 468. 1844 = Gnaphalium litoreum
(Guss.) Bertol., Fl. Ttal. 9: 133. 1853 = H. saxatile var. litoreum (Guss.) Fiori in Fiori &
Paoletti, Fl. Italia 3: 282. 1904. — Here defined as being an avowed substitute for
Gnaphalium angustifolium Lam., based on the same type as the latter (see above).

Galbany-Casals & al. (2006) erred in considering Helichrysum litoreum an illegitimate
substitute name for Gnaphalium angustifolium Lam. (see above). The question, then, is
whether H. litoreum is to be considered as the name of a new species, to be typified by
Gussone’s original material (Code, Art. 9), or is technically a nomen novum based on G
angustifolium and typified by the latter’s type (Art. 7.3). The Code is remarkably taciturn
with regard to criteria to tell apart a replacement name or nomen novum from the name of
a new species. The definition (so to say) of a replacement name is that it is an “avowed
substitute”, when the meaning of avowed, according to dictionaries, is “openly acknowl-
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edged” or “positively stated”.

The distinction is easy when the later author does not provide a definition (description
or diagnosis) of his or her own, or includes exactly the same elements as the earlier author
in the newly named taxon. This is not so in the present case. On the one hand Gussone, in
order to avoid confusion, explicitly (and legitimately) refuses to adopt the name
Helichrysum angustifolium as it had been used for the wrong taxon (H. italicum) by
Candolle (he ignored the existence of Persoon’s earlier homonym), and he therefore adopt-
ed a different name — a procedure coming as close to “avowed” substitution as is possible
without using the standard phrase nom. nov. On the other hand he does not refer to any
material from near Naples, his description being based on the material he himself collect-
ed or observed on seven of the Eolian Islands.

There thus appear to be two ways to deal nomenclaturally with Helichrysum litoreum
Guss.: as the legitimate name of a new species or as an avowed substitute for Gnaphalium
angustifolium Lam. In such cases it is appropriate to follow established custom, in con-
formity with Preamble 10 of the Code. As it is customary to apply Gussone’s name to the
plants from the Eolian Islands, our conclusion must depend on the consequences of the
application of either alternative for the typification of the name.

When treating Helichrysum litoreum as the name of a new species one must consider
what original elements are available for the purpose of lectotypification. Gussone’s origi-
nal material consists of 5 specimens he collected in various of the Eolian Islands, preserved
in his Sicilian Herbarium (at NAP!); a cited illustration of “Chrysocoma marina, umbel-
lata” in Barrelier (1714: t. 1125); and a specimen cited in the following terms:
“Elichrysun, sive Stoechas citrina, minor, Tourn. herb. in Mus. H. Paris”. For the Eolian
Islands Gussone only gives distribution data but no collector’s name nor any other detail
referring to an actual specimen. Therefore, the Tournefort element is the only one to have
syntype status (Code, Art. 9.4) and, therefore, would be the obligatory lectotype (Code,
Art. 9.10). This specimen (P-TRF No. 4090 [IDC microfiche No. 197-C1!]), unfortunate-
ly, does not belong to the present species. It bears an inscription that reads: “Stoechadi ci-
trini species, flore majore /| Ex Hispania circa Alicant / Collect. J. Petiver R.S.R”. As far as
is possible to tell from the IDC photograph, it belongs to Helichrysum fontanesii Cambess.

In the interest of nomenclatural stability we therefore prefer to consider Helichrysum
litoreum as a replacement name for Gnaphalium angustifolium, as which it is typified by
the plant of the Posillipo hill in Naples that is the type of the latter name. While not from
the Eolian Islands, it at least belongs to the same species as Gussone’s own material.

Galbany-Casals & al. (2006, 2006a) consider that the holo-, lecto- or neotypes of three
validly published names belong to what they consider the hybrid between “Helichrysum
angustifolium” (i.e., H. litoreum) and H. italicum:

“Gnaphalium glutinosum” sensu Galbany-Casals & al. (2006, 2006a) [non
Gnaphalium glutinosum Ten., Semina 1830 Coll. Hort. Neapol.: 14. 1830; nec
Helichrysum glutinosum A. Braun in Flora 24: 277. 1841].
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Tenore published the name Gnaphalium glutinosum for plants from the sandy shores of
Vieste and Peschici on the Gargano peninsula. (The protologue was reprinted unchanged,
but with reference to the original place of publication, in Tenore, F1. Napol. 4: (121).
1830[?], and Tenore, Syll. Pl. F1. Neapol.: 424. 1831.) Galbany-Casals & al. (2006a) des-
ignated a neotype specimen from the same area (locality “Campo”, presumably referring
to Baia dei Campi south of Testa del Gargano). However, this neotype has no standing
since original material exists, among which are syntypes from Sicily (“G. crassifolium et
G ambiguum Guss. pl. exsicc. ex Sicilia”) which take preference for lectotypification pur-
poses. As Tenore’s name is anyway unavailable in Helichrysum (A. Braun’s H. glutinosum
is based on plants grown in Karlsruhe from Abyssinian seeds), the question of its typifica-
tion is unimportant in the present context.

Galbany-Casals & al.’s (2006) hypothesis, that Tenore’s plant from the shores of the
Gargano Peninsula corresponds to the same biological taxon as the population on Mt.
Argentario, has been discussed and rejected above.

Helichrysum italicum var. pseudolitoreum Fiori in Fiori & Paoletti, F1. Italia 3: 283. 1904
= H. pseudolitoreum (Fiori) Brullo in Arch. Bot. Ital. 65: 116. 1989 = H. italicum subsp.
pseudolitoreum (Fiori) Bacch. & al. in Inform. Bot. Ital. 35: 222. 2003. — Lectotype
(Baldini 1995: 151): “Monte Argentario, Torre Maddalena, 3 June 1892, Sommier (FI!).

This name has priority at subspecies rank — which, as explained above, we consider to be
the appropriate rank for the taxon in question — and also at the ranks of species and variety.

Helichrysum italicum f. intermedium Pamp. in Boll. Repubbl. San Marino 4: 118. 1920.
— Holotype (fide Galbany-Casals & al. 2006a): Repubblica di San Marino, Monte Titano,
vers. or., 15.10.1916, Pampanini (FI).

The rank of forma is seldom used nowadays, but some might feel it to be appropriate if
our hypothesis holds, that Pampanini’s plant is merely an aberrant individual in an other-
wise “normal” population of Helichrysum italicum.

Conclusions

The Helichrysum taxon growing on littoral cliffs and small islands along the Tyrrhenian
coast of Italy, forming three disjunct populations with several geographically isolated sub-
populations, belong to a single species, the correct name of which is H. litoreum Guss. It is
doubtful whether morphologically similar plants found further to the east, along the coasts of
Istria and Dalmatia, are phylogenetically related to the Tyrrhenian species or rather, as would
make better sense biogeographically, correspond to coastal ecotypes arisen locally, perhaps
with concomitant gene introgression involving H. stoechas subsp. barrelieri.

The population growing on Mt. Argentario in Tuscany, and similar plants found on the
coast of SW Sardinia, are morphologically intermediate between Helichrysum litoreum
and H. italicum, but cannot possibly result from direct hybridisation between these two
species. Rather, they derive from differentiation of coastal population of the second named
species and are best considered as a subspecies of it, to be named H. italicum subsp.
pseudolitoreum. Some plants from the Adriatic coastlands of Italy are said to show similar
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features morphologically, but it is unlikely that they form part of the latter taxon. They may
represent local expressions of the overall variation of H. ifalicum proper.
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Rhododendron ferrugineum L. is mostly distributed in the Alps where it is distinctive of the sub-
alpine vegetation belt. In the prealpine hills at the foot of Alps it grows in the lower part of the
valleys in sciaphilous habitats such as chestnut woods or other deciduous broadleaved forest
types, with an oceanic climate. Outside the Alps it is known only in few fragmented relic spots
mostly on the summit of the Tuscan-Emilian Apennine (Pignatti 1982); the southern limit of its
distribution is represented by a very small population recently discovered in the Apuan Alps
(Ansaldi & al. 2004).

Because of its rarity in the Apennines, Rhododendron ferrugineum is protected (Alessandrini &
al. 2003) under the Regional Laws of Emilia-Romagna (n. 2/1977) and Tuscany (n. 56/2000).
It is also included as Vulnerable (VU) in the Red List of Emilia-Romagna and in that of Tuscany
(Conti & al. 1997).

The Apuan population, confined to a very small area, has been compared with the other ones of
the species range.

Distribution and demography of the Apuan and Apennine populations are described.

The results of morpho-anatomical analysis carried out to identify possible adaptative strategies
to different environmental conditions, are also reported.

Moreover, biometric measures of the seeds collected from different populations are given and
germination protocols elucidated, in the frame of ex-situ conservation of these fragmented pop-
ulations.

Further observations on karyology are in progress.

Introduction

Rhododendron ferrugineum L. is an alpine-pyrenaic orophyte, characteristic of sub-
alpine vegetation belt, common in the Alps range from 1900 m to 2200 m a.s.l.

It grows also in sciaphilous habitats in the Prealpine Hills at the foot of Alps, such as
dense chestnut forests or other deciduous broadleaved communities under an oceanic cli-
mate: Sassina Valley, Ticino Canton (Mt. Ceneri down to 230 m a.s.l.), Lake Maggiore
and near Ivrea (down to 300-350 m a.s.l.) (Pignatti 1982).

In the Apennines Rhododendron ferrugineum is very rare and confined to the summit of
the Tuscan-Emilian Apennine (1750 — 2054 m a.s.l.) in few fragmented relic spots: Alpe
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di Mommio, Bocca di Scala, Mt. Vecchio, Mt. Prado, Mt. Libro Aperto, Mt. Tre Potenze,
Mt. Spigolino (Ferrarini 1973; 1974; Pignatti 1982) (Fig 1).

During 2004 Rhododendron ferrugineum has been discovered in the Apuan Alps
(Ansaldi & al. 2004; Palla, 2005), in a sciaphilous stand at low altitude, under an oceanic
climate. This habitat greatly differs from those of the populations of Alps and Apennines,
while it shows great similarity with the Prealpine ones (Fig. 2 and 3).

Ay B G5 A T S e
Fig. 2. Rhododendron ferrugi- Fig. 3. Rhododendron ferrugineum from Fosso

neum from Fosso delle Rondini delle Rondini (Apuan Alps).
(Apuan Alps).
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Conservation

Due to its fragmented distribution S of the Alps, the species is enclosed in the Regional
Red List of the Italian flora, and is considered VU (Vulnerable) in Tuscany and in Emilia-
Romagna (Conti & al. 1997). It is under protection in accordance with the Tuscan
Regional Law (n. 56/2000, Annex. C), the Regional Law of the Emilia Romagna (n.
2/1977) and the Regional Law of the Lombardy (n. 33/1977); it is also listed in the
Repertorio Naturalistico Toscano [Tuscan Naturalistic Inventory] (Di Fazio & al. 2004;
Sposimo & Castelli 2005).

Aims of the research

This investigation aims to evaluate the size and the distribution of the populations pres-
ent in the Apuan Alps and in the Apennines.

Comparison between morpho-anatomical measures of leaves from specimens of differ-
ent populations, characterised by different environmental conditions, are carried out.

The germination protocols, in the frame of ex-sifu conservation of these fragmented
populations have been elucidated.

Materials and methods

Field surveys and collection of leaves and seeds from different populations were performed
in the Summer 2004, 2005, 2006 in the Apuan Alps, Apennines, Prealpine Hills and Alps.

For the morpho-anatomical analyses, slides of leaf sections (fixation in FAA, dehidra-
tion with alcohol, inclusion in resin, section by Leica microtome) were set up.

Micrometric measures of some typical structures of dorso-ventral leaves, as cuticle, epi-
dermis, palisade layer, vascular tissues, glandular scales, foliar thickness, were performed,
and data were tested by statistical analyses to point out any significant differences
beetween all the investigated populations.

According to APAT (2006) protocol, after cleaning and drying, seeds have been placed
in suitable containers, and then in a —20°C coldroom for two months. Mt.Vecchio seeds
have been stored at room temperature for two years. 50 seeds, for 6 of the 7 populations
studied (Alps population not tested), have been sown in Petri dishes with agar gel (1%) and
incubated in a chamber set at costant temperature (21°C) under a daily photoperiod (12/12h
light/dark). Two additional replicates (Apennines and Apuan Alps) were first prechilled for
one month at 5°C. All germination tests were run for 42 days and seed germination was
recorded every two days until the end of the experiments, considering germinated any seed
with at least 2 mm of root-tip growth. During the germination tests the number of normal
and abnormal seedling (APAT, 2006) has been recorded.

Results

The investigated populations (Fig. 4) are in the Apuan Alps (Fornovolasco, Lucca
province), in the Apennines (Mt. Libro Aperto in Modena province and Mt. Vecchio in
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Prealpine Hills - Lugano
Prealpine Hills - Alpe Bess
Prealpine Hills - Sueglio
Apennines - Mt. LIbro Aperto
Alps - Lucmanier Pass

Apuan Alps - Fosso delle Rondinl

Q00O Q

Apennines - Mt. Vecchlo

Fig. 4. Map of the studied populations.

Lucca province), in the Prealpine Hills (Lugano in the Swiss Ticino Canton, Alpe Bess
near Crandola Valsassina in Lecco province, Sueglio in Lecco province) and in the
Alps (Lucmanier Pass in the Swiss Ticino Canton). Their altitude, aspect and habitat
are given (Tab. 1).

Statistical analyses (ANOVA and Kruskal-Wallis test) show significant differences in all
the examined leaf characters. Moreover multiple comparisons (Bonferroni and Dunn test)
show that the populations with the highest number of different characters (10-12/17) are
the ones of Lucmanier Pass (Alps - n. 5) and Apuan Alps (Fosso delle Rondini - n. 6), fol-
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Table 1. Characteristics of Rhododendron ferrugineum stations.

Mountain Altitude Aspect Locality Habitat
range (m a.s.l.)
Mixed forest with Castanea sativa,
Prealpine Hills 630 w Lugano llex aquifolium, Betula pendula and

\Pinus sp.

Deciduous broadleaved forest with
Prealpine Hills 800 W Alpe Bess Quercus pubescens, Sorbus aria and

Sorbus aucuparia

Mixed forest with Castanea sativa,
Prealpine Hills 780 W-NW Sueglio Tilia sp., Betula pendula, Sorbus
aria and Picea abies

. . Grassland on debris and occasionally
Apennines 1800-1900 | N-NW | Mt. Libro Aperto in the Vaccinium heathland
Alps 1900 N Lucmanier Pass Pastures
Apuan Alps 500 W-NW Fornovolasco Deciduous broadleaved forest with

Castanea sativa prevailing

Vaccinium heathland with Empetrum
Apennines 1750-1980 N Mt. Vecchio nigrum, Geranium argenteum and

Vaccinium vitis-idaea

Canonical Discriminant Functions

Stations
4= @ ! Lugins
1) 2 Adpe Bass
0 3 Sueglie
£ 4 it Libre Aperto
7y > Fuso el
Lueoiagne
B & Foizo delle Ropdans
(=} 7 bl Veochio
W Group Centrodd

Function 2

T T T T
-2

Functien 1

Fig. 5. Discriminant analisys.



Table 2. Measures (Mean + Standard Deviation) of the dorso-ventral leaves structures (pm).

Prealpine | Prealpine | Prealpine Ap_el;/llltmes Alps - ?\l;u:? Apennines sst:lt.ﬁ;:z::z
Station Hills- | Hills- | Hills- | [2° |Lucmanier Foss;’ Selle| - Mt ditigferences
Lugano |Alpe Bess| Sueglio Aperto Pass Rondini Vecchio %
foliar thickness - 1393 5. 77 41419 6111 6[357.5:52,11450,0043.5| 230 4262.7 | 353 4260.8 | 385,551 7 524
on central vein
foliar thickness -
far from central [212,4=21,9(248,1+37,0(226,6+24.2|275,5+29 8| 251,3463,2 | 177,7+22,3 | 266 4+41,7 61,9
vein
palisade layer | 91,218,5|119,5£30,6] 92,2+13,3 [129,2+36 4 147,2£79.4 | 66,8+9,0 |131,2439,5 66,7
uppercuticle-on | o5 | 98 | 70516 | 68:43 | 96:65 | 6822 | 63+26 429
central vein
upper cuticle-far| o o ;5 | 6555 | 4se15 | 60533 | 97270 | 3.851.6 | 6330 38,1
from central vein
lower cuticle-on | ¢ 1 55 | goi19 | 70421 | 59531 | 91260 | 40:14 | 57:2.1 524
central vein
lower cuticle -far | 5 o) 4 | 30100 | 30800 | 31216 | 63237 | 17606 | 2307 61,9
from central vein
upper ;’i"g‘gfrm‘s' 10329 | 12,015 | 123217 | 11,5541 | 18,0463 | 14,8224 | 132422 333
“pper;li’(;‘t‘lfrm's' 23445 | 19,743,8 | 21342 | 19,7444 | 33,5144 | 264+3,7 | 24.9+3.6 52,4
"’werlfg'gdhetrm's' 10,6£3.0 | 113221 | 112223 | 12,0429 | 18,5£7,0 | 11.8+29 | 11,9434 28,6
"’w”fv‘i’é‘:srm's‘ 19,1243 | 16,6+4.1 | 18,8+3,7 | 158442 | 28,1122 | 19,8+4,1 | 18.4%50 19,0
central vein - hight [236,8+36,3|232,9+17,6|213,3+51,7|244,6+30,6| 134,5+42,8 | 192,3+29.2 | 202,9+34.8 57,1
““‘vrv?('nvlf‘"' 291 4+45,6(268,5+45 9261 3+40,1{334,3+75,1| 183 2+62,7| 291,6£62,7 | 231,434 2 52,4
sec““g?grf‘l’tve‘"‘ 95,3+39.7 | 89,4+19,7 |103,4+17,1]100,0£20,3| 104,6£51,0 | 79,1198 | 82,8%15,1 28,6
seconfv?;ztvem- 51,9¢16,4 | 58311,7 | 6224153 | 70,3425,8 | 8324352 | 68,6+19,0 | 58,5+183 28,6
g'a“d;‘lzzzfca'e' 45.9+10,0 | 459125 | 493+14.1 | 48.1£12.5 | 87.6+37.3 | 63.5+13.7 | 56.2+13.6 47.6
g'a"d:‘v'iz;lfca'e' 223.5436,8(217.3£28,7[236,3244.1(251.2+30.8| 326,336 2 | 243.9247.1 | 243,740 8 19,0
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lowed by the one of Mt. Vecchio (Apennines — n. 7). This result is confirmed by the dis-
criminant analysis (Fig. 5).

Statistical analisys also points out that the more divergent characters are: palisade layer,
foliar thickness and cuticle (Tab. 2; Figs. 6, 7 and 8).

Statistical analisys also points out that the more different characters are: palisade layer,
foliar thickness and cuticle (Figg. 6, 7 and 8).

Germination tests

Germination tests (Fig. 9) gave positive results with percentages between 60% and 80%
for 4 out of 6 stations. No germination was recorded in Mt. Vecchio seeds. According to
Leach (1961), this seedlot lost its viability as a result of conservation at room temperature.

The prechilling does not induce a considerable increase of germination percentage in
both tested populations (Fig. 10); according to Romancier (1970), mature seeds of
Rhododendron ferrugineum possess no dormancy and will germinate shortly after sowing.

Instead, prechilling enhances the percentage of normal seedlings (Figs. 11, 12); that is
important for the ex sifu and in situ conservation of this threatened species.

According to Flynn & al. (2006), Rhododendron ferrugineum seeds can be defined
orthodox since they well sustained dehydration and conservation at low temperatures;
these conditions are necessary for a long-term conservation of the germplasm. That allows
to confirm the possibility to preserve this species ex situ in germplasm banks. This result
is especially important for the populations of Tuscany and Emilia-Romagna that are sub-
ject to extinction risk.

Discussion and conclusions

Rhododendron ferrugineum is included in the Regional Red List of Tuscany and Emilia
Romagna as a VU (Vulnerable) species because these populations are being in geograph-
ic isolation and at the boundaries of the fragmented distribution of the species; these pop-
ulations are in fact relics of the ice age.

Especially the recently discovered Apuan population of R. ferrugineum needs to be con-
sidered from the point of view of the preservation. Its slenderness and its microclimatic
characterisation call for actions of minitoring and preservation (Palla & al. 2009). The low
number of individuals and their reproductive isolation induce their uneasy condition and
the need of in situ and ex sifu conservation plans.

Even if the populations of the Apennines have a higher number of individuals, they need
monitoring plans. The climate change can be a threat, because an increase of temparature
should cause a decrease of the snow cover (Rasetti 1980) required to resist to the winter,
and should expose the plants too earlier to the freezing cold (Theurillat & al. 1998) and
consequently should cause their regression (Pasche & al. 2004).

Because of Rhododendron ferrugineum is considered as a quite hydrophile species
(Rameau & al. 1993), an other climatic threat should be linked to the increase of the sum-
mer dryness, that can damage the little seeds, as had be proved for other species (Brown
& Archer 1989; Roques & al. 2001).
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Fig. 9. Germination test without prechilling.
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Fig. 10. Comparison of germination percentages of two seedlots (with and without prechilling).
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Fig. 11. Seedling growth after prechilling.
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Fig. 12. Seedling growth without prechilling.
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The germination protocol have been elucidate. The seeds of this species can be defined
orthodox because they tolerate the dehydratation and the storage at low temperature.
Germination tests gave positive results; tests carried out from the Millennium Seed Bank
of Kew (London), in the same conditions of temperature and photoperiod, on non Italian
populations, gave positive results (high percentage of germination) too. Thus the present
work confirms that it is possible the ex sifu conservation in seed bank for this species.

Further investigations should be carried out about different condicions of temperature
and photoperiod; moreover other germination tests should be check in order to test the pos-
sibility to employ seeds of Rhododendron ferrugineum for in situ conservation plans
(restocking or reintroduction).
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Notes on the genus Orobanche in Italy: 2. Taxa described by Gussone

Abstract

Domina, G. & Mazzola, P.: Notes on the genus Orobanche in Italy: 2. Taxa described by
Gussone. — Bocconea 23:177-185. 2009. — ISSN 1120-4060.

In the framework of the revision of the genus Orobanche in Italy, the taxa described as new by
Gussone, and by Reuter on Gussone’s material, 9 and 1 respectively, are here examined. For
each, of them,, synonymies and taxonomic status are given. Original material for their names
has been analysed, and typification is discussed. For 9 of the 10 names, lectotypes are here des-
ignated (the tenth being holotypified), three of which are illustrated.

Introduction

Taxonomy and distribution of Orobanche (including Phelipaea) in Italy must still rely
on Beck (1890, 1930), whose treatments, however, are based on incomplete herbarium
data (mainly FI and PRC), and on literature. What information has been added in recent
floristic surveys is not very reliable.

In order to update our knowledge, a revision of this genus is being undertaken, based
on extensive field surveys and herbarium studies. Taxa described by Bertoloni, Tineo and
Lojacono have been discussed earlier (Domina & Mazzola 2005, 2007). Here, the taxo-
nomic status of those described by Giovanni Gussone himself, and by Reuter on material
collected by Gussone, are discussed, and their names are typified.

Gussone (1828, 1844, 1854) described 2 new species and 6 new varieties from Sicily
and Ischia (Inarime): Orobanche canescens var. flavidiflora, Orobanche carnea, O.
litorea, O. minor var. lutescens, O. pubescens var. divaricata, O. punctata var. glabrata,
O. rapum var. flavescens, and O. spartii var. rubra.

Reuter (1847) published O. glaberrima, based on material and handwritten description
sent by Gussone to Boissier and kept in the Geneva herbarium.

Materials and Methods

Original material of the names published by Gussone was studied in the Herbarium
Neapolitanum (NAP), where Gussone’s herbarium is kept, divided in two sections:
“Gussone-Generale” and “Gussone-Sicilia”. The specimens for each species are included
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in a folder but not fixed to the sheets. Usually they bear a “fair copy” label with a refer-
ence to the Florae Siculaec Synopsys (1842-1844, 1845), a field label, and sometimes a
label with a description of the plant (see also La Valva 1993). When there is more than one
sheet in the same species folder, only the first has the “fair copy” label; the others some-
times bear a label added later by Loreto Grande (1878-1965). The material studied by
Reuter was searched for in the Herbarium of the Conservatoire et Jardin botaniques de la
Ville de Genéve (G), where the Boissier’s herbarium is incorporated. Other visited herbaria
are B, BOLO, FI, P, PAL, PRC, RO, W, and WU.

For the transcription of the labels the following conventions have been followed:
Different labels fixed on the same sheet are distinguished by small letters (a, b, c, etc.), dis-
regarding hierarchy.

Typographical transcription symbols:

/ = line break;

Italic script corresponds to handwritten text (underlined as in original);

Roman script denotes handwriting printed by lithography;

Bold script denotes printed text, roman or italicised as in original;

{...}= text deleted;

[...] = illegible word(s);

the present authors’ comments are added in square brackets.

Orobanche canescens var. flavidiflora Guss., Fl. Sic. Syn. 2: 748 (1844).

[= O. canescens C. Presl in J. Presl & C. Presl, Delic. Prag.: 72 (1822)].

- Orobanche canescens var. pedicellata Guss. ex Reut. in DC., Prodr. 11: 34 (1847) [nom.
illeg.]

Ind. loc. [cum typo] Ad radices Chrysanthemi coronarii, aliarumque Syngenesicarum in
Sicilia et in Salina, Lipari, Ustica. Aprili, Majo.

Lectotype (here designated): NAP-Gussone Sicilia

a) N. I Orobanche canescens b / Radix carnosa [...] Scapus [...] triangulares folis brac-
teis villosis. / Folia lanceolata, ad radices squamiformis regulariter dilatatae / Flores fla-
vidis, linearis interioribus fragrans, frutiferi et inferiores pedunculati. Bracteae lanceola-
ta / integerrima largiores bifidis vel una tantum dentata, corolla non excedentibus corol-
lae tubus basiconstricto angulatus. Labium superiore emarginatum, inferiore / trilobum,
lobo medio concaviusculo, lateralibus majore / omnibus crenulatis. Stamina / latere inter-
na villosi antherarum lobis / [...] Stylus undique glaber cum stigma plano bilobo lobis
rotundatis. / Species ab habitus et flores inferiores pedun / culatis singularis / 1828 mag-
gio Sferracavallo [Manu Gussone].

b) Or. foetida nobis / ad rad. Chrysanthemi coronari [Manu Gussone].

¢) {O. elatior / conf. O. minor var. procerior / Reich. p. 880} O. minor var. procerior ob /
icones flores peduncolatos non / hac coincidit / In Reich. cent. 7. p. 880 [manu Gussone].
d) (Orobanche flavidiflora Guss.) /= O. canescens J. et C. Presl / Grande, 1916 [Manu
Grande].

Note: This sheet contains 3 plants in part damaged but still suitable for identification.
Individuals with yellow and pedicellate flowers are sometimes found together with “’nor-
mal” individuals, forming mixed populations. This taxon described by Gussone is not wor-
thy of taxonomic recognition at any rank.
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Orobanche canescens occurs in the CW- Mediterranean, infecting Composiate. 1t is dis-
tinguished from O. minor by diffuse pubescence, including the basal part of stamens, and
its spreading flowers with yellow, not violet, stigma.

Orobanche carnea Guss., Enum. Pl. Vasc. Is. Inarime: 246 (1854)

[O. rapum-genistae Thuill., F1. Env. Paris, ed. 2°: 317 (1799)]

Ind. loc. Ad radices Cytisi trifloris et candicantis utraeque varietates parasiticae in sylvis
boream spectantibus. Aprili, Junio.

Lectotype (here designated): NAP-Gussone Generale

a) Orobanche rapum / planta pallide et sordide undique carnea / In Ischia aprili ad radi-
ces Leguminosarum [Manu Gussone].

b) O. n 1°/ spica florum nubili comosa, sepalis lanceolato-acuminatis, irregulariter bipar-
titis, bracteae lanceolate, acuminate, atrofuscae, corollae sordide carneae, stigmate didy-
mo luteo / Ischia / O. carnea appellanda? [Manu Gussone].

Note: This sheet contains 2 plants, partially damaged but still suitable for identification.
Synonymy proposed by Beck (1890), on the basis of the protologue and of a single speci-
men collected by Lojacono, is here accepted.

Orobanche rapum-genistae is parasitic on woody Leguminosae (several species ofGenista
and Cytisus, Spartium junceum, etc.). This species is quite common in peninsular Italy as
well as on the islands. The colour of the whole plant varies from light yellow to purple red.

Orobanche glaberrima Guss. ex Reut. in DC., Prodr. 11: 719 (1847)

[O. hederae Duby, Bot. Gall.: 350 (1828)]

Ind. loc. Prope Neapolim ad radices Dianthi plumarii. (v. s. in h. Boiss. a cl. Guss.
Comm.).

Holotype: G, ex herb. Boissier.

a) Orobanche glaberrima Guss. ined. / Napoli / ad radices Dianthi / plumarii [Manu
Gussone].

b) Orobanche glaberrima Guss. ined. / O. undique glaberrima lutescens ! scapo squamoso
/ nudo inferne squamis paucis remotis ovato-acumi- / natis luteo, [...] apice attenuatis /
corolla aequaliter biloba corollam aequantibus, / sepalis inaequaliter bibifidis. laciniis
acuminatis, [...] stigmate / bilobo lutescens, genitalis glabris/ Confer O. nudiflora Riech.
cent. 7 p. 883. / Flores inodori: filamenta ac stilos candida: antherae lateritiae [Manu
Gussone]

¢) Orobanche glaberrima Guss ! / Reut. in DC. prodr.

Note: This sheet contains a single plant, partly damaged. Synonymy by Beck (1890) is
here accepted. Indeed glabrous plants are the most common in wild populations. O. hed-
erae is widespread throughout Europe and the Mediterranean region. It occurs, affecting
Hedera helix, both in woods and in shaded gardens.

Orobanche litorea Guss., Fl. Sic. Prodr. 2: 184 (1828)

Ind. loc. Ad radices Syngenesicarum, uti Chrysanthemi coronarii, Anthemidis secundi-
ramea, et A. maritimae, in sabulosis maritimi. Aprili, Majo.

Lectotype (here designated): NAP-Gussone Sicilia. (Fig. 1).

a) 9 (6) Orobanche litorea Nob. Syn. Pl. 2 p. 184 / Aprili, Majo / Ad radices Anth. mariti-
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Fig. 1. The specimen in NAP-Gussone Sicilia designated in this paper as the lectotype of Orobanche
litorea Guss.
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mae et secundirameae / Chrysanthemi coronarii [manu Gussone].

b) 6 Or. {speciosa Dec.? } litorea Nob. / Trapani alla / Colombaia ad / radic. Anth. mari-
ti / mae [manu Gussone].

¢) Trapani alla Colombaia [manu Gussone)].

Note: This sheet contains 5 well conserved individuals, one of them is still connected to
the host plant: Anthemis maritima L..

CW Mediterranean species with coastal distribution. Erroneously included by Beck (1930)
in synonymy with O. canescens C. Presl, O. litorea is distinguished from this by patent,
not spreading, flowers, subglabrous rather than pubescent habit and the violet rather than
yellow stylus. O. litorea also differs from O. minor by its denser spike, the one-toothed
rather than two-toothed calix elements and the flattened rather than roundish corolla (for
further details see Domina & Mazzola 2004).

Orobanche minor var. lutescens Guss., Enum. PI. Vasc. Is. Inarime: 249 (1854)

[O. canescens C. Presl in J. & C. Pres, Delic. Prag.: 72 (1822)]

Ind. loc. Ad radices Carlinae involucratae. Aprili, Majo.

Lectotype (here designated): NAP-Gussone Generale (Fig. 2).

a) Orobanche minor ¢ lutescens / radices Carlinae / involucratae [Manu Gussone].

b) Orobanche 2 / Squamae sparsae, [...] laciniis corollam aequantes aut / superantes, acu-
tae vel acuminatae / sepala bipartita, laciniis ex ovata basi acuminato-attenuatis, corolla
/ brevioribus / Corolla biloba vix curvata, lobis crenato-crispatis, in lobo medio / labii
inferioris gibbae due obsoletae / Stami supra basim corollae inserta, filamenta albida basi
villosa apice gla / bris. Stilus albidus vix ad apicem pubescenti-glandulosus; stigmata /
sordide albida !

Flores ingrati odoris et uti pars su / perior plantae pallide albo-lutescens / bracteae
acuminatae fuscae / 25 Majo 1849 / Ischia ad radices Carlinae / involucratae [Manu
Gussone]

Note: Seven well conserved plants are included in this sheet. This name applies to a taxon
which is not worthy of any taxonomic recognition, but falls within the infraspecific range
of O. canescens C. Presl and not of O. minor Sm.

Orobanche pubescens var. divaricata Guss., Enum. Pl. Vasc. Is. Inarime: 248 (1854)

[O. pubescens d’Urv., Mem. Soc. Linn. Paris: 332 (1822)]

Ind. loc. In apricis, et ad vaporia humendia ad radices Crepidis bulbosae. Aprili, Majo.
Lectotype (here designated): NAP-Gussone Generale (Fig. 3).

a) Orobanche pubescens D’Urvill. Consp. 76 / Dec prodr. p. 27 In Ischia [Manu Gussone].
b) Or. barbata Poir. = Reut. in / Dec pr. 11 p. 28 n. 32 / Or. pubescens d’Urvill. / Reut. in
Dec. l.c. p. 27 n 46 / Syn. ex Wallr. [Manu Gussone].

¢) var. b divaricata [Manu Gussone]

d) 1321. / Orobanche [Manu Heldreich] / confer O. angustisepala Wiap. 3 p. 466 / O.
pubescens d’Urv. [Manu Guss.] / ad radices Cichoracearum / Retimo / April 1846 /
Heldreich

e) Il piccolo saggio [...] il sinonimo O. angustisepala Schultz !! i sepali sono piccolissimi
/ M. Lojacono.
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Fig. 2. The specimen in NAP-Gussone Generale designated in this paper as the lectotype of
Orobanche minor var. lutescens Guss.



Bocconea 23 — 2009 183

:
{

Aaaatens 1y
FARE y
s
“&’”“Suu‘f b
5 ?: e

Fig. 3. The specimen in NAP-Gussone Generale designated in this paper as the lectotype of
Orobanche pubescens var. divaricata Guss.
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f) O. pubescens !! E la stessa quella che [...] teste a Palermo !! M. Lo Jacono / La corol-
la [...] / come Reich. dipinge / la sua O. cervariae [Manu Lojacono].

Note: This sheet includes 2 well conserved plants, one of them shorter with approximate
lower lip lobes, the other taller with divaricated lower lip lobes. Individuals with approxi-
mate lobes of the lower lip occasionally occur in natural populations. This feature falls
within the variation range of the species.

O. pubescens is widespread from the Euro-Mediterranean region to the Caucasus, infect-
ing Compositae.

Orobanche punctata var. glabrata Guss., Enum. Pl. Vasc. Is. Inarime: 247 (1854)

[O. crenata Forrsk., Fl. Aegypt.-Arab.: 113 (1775)]

Ind. loc. In apricis; Bagno ad radices Leguminosarum. Aprili, Majo.

Lectotype (here designated): NAP-Gussone Generale

a) 24 Maggio 1949 / Ischia al Bagno / Orobanche / Scapi atrorubens uti calicis ubique
sparse pilosis / squamae ac bracteae lanceolato-acuminatae sparsae, inferiores / approx-
imatae: bracteae corollam aequantes / flores caryophyllum olentes: corolla alba, ad lobos
coerulescens / varis interioribus notata, lobi corollae [...] stigmate bilobo sanguineum! /
Sepala bipartita, lacinis linearis apice attenuatis [Manu Gussone]

b) Orobanche punctata Schultz / var. glabrata Guss. / Corollae pilis sparsis glabris tectae/
in Ischia aprili [manu Gussone].

c) Niente affatto / e la Orob. tommasini / an forma Orob. / pruinosae / M. Lojacono
Note: Three plants, in fairly good conditions, are included in this sheet. This taxon falls
within the variation of O. crenata Forssk. and not of O. alba Steph. (= O. punctata
Schultz). These 2 species were imperfectly known by Gussone. In fact several specimens
of O. crenata labelled as O. alba by Gussone are kept in NAP and PAL.

Orobanche rapum var. flavescens Guss., Enum. Pl. Vasc. Is. Inarime: 245 (1854)

[O. rapum-genistae Thuill., F1. Env. Paris, ed. 2°: 317 (1799)]

Ind. loc. Ad radices Cytisi trifloris et candicantis utareque varietates parasiticae in sylvis
boream spectantibus. Aprili, Junio.

Lectotype (here designated):

a) Orobanche rapum c flava/ In Ischia aprili ad radices Leguminosarum [Manu Gussone]
b) Differt ab O. n 1 /fl. sordide carneis; bracteis corollas subaequantibus, ideoque spica
nubilis non comosa, mi / nus acuminatis, florum color, staminibus / glabribus, stigmate
aureo profunde bilobo, non glaber / bilobo [...] albido non roseo / N. 2 / Ad radices Cytisi
trifloris / Ischia [Manu Gussone].

Note: This sheet contains 4 plants, only one of them is in good conditions.

Orobanche spartii var. rubra Guss., Fl. Sic. Prodr. 2: 182 (1828)

[O. variegata Wallr., Orob. Gen.: 40 (1825)]

Ind. loc. Ad radices Spartii infesti, et S. juncei, nec Cytisi triflori; sat raro in illis Thymi
capitati; Nicosia, Terranova. Aprili, Majo.

Lectotype (here designated): NAP-Gussone Generale

a) 4 Orobanche spartii Vauch. b. floribus valentibus / Aprili, Majo / Terranova [manu
Gussone].




Bocconea 23 — 2009 185

b) fl. rubro / aprile — Terranova [manu Gussone].

c¢) Confer O. crenata di Reich. [manu Gussone].

Note: Four plants in good condition are kept on this sheet. Orobanche variegata is poly-
morphic in colour, from light yellow to dark brown, and in corolla size, from 13 to 25 mm.
This high variation can probably explain the large amount of names given to this taxon,
including Gussone’s.

O. variegata grows on woody Leguminosae (Spartium junceum, Calycotome sp. pl.,
Cytisus sp. pl., Genista sp. pl., etc.). In Italy it is common in western peninsular regions
and in the islands.
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Karyological notes on some genera of Genisteae from the
Mediterranean region

Abstract

Feoli Chiapella, L., Cusma Velari, T., Kosovel, V. & Pellizzari, L.: Karyological notes on some
genera of Genisteae from the Mediterranean region. — Bocconea 23: 187-202. 2009. — ISSN
1120-4060.

A karyological study of four xerophytic genera of Genisteae (Fabaceae) was carried out on 54
wild populations of 13 infrageneric taxa. Refama is a Mediterranean genus with distribution
centred in the western part; for all the taxa, the chromosome number 2n = 48 (sometimes with
some B chromosomes) was counted, with the basic number x = 12. The genus, eutetraploid,
results very homogeneous karyologically. Echinospartum is distributed in the Iberian Peninsula
and in S France. The species result all aneuploid: the calcicolous E. horridum and E. boissieri,
being hypoaneuploid, present 2n = 44 + 0-2B, with secondary basic number x = 11; the silici-
colous E. ibericum, E. barnadesii (2n = 52 + 0-4B) and E. algibicum (2n = 54) are hyperaneu-
ploid with x = 13. Erinacea is a monospecific genus, with the W Mediterranean species E.
anthyllis, which presents 2n = 52 and is hyperaneuploid with x = 13. Spartium is monotypic as
well, with the Mediterranean species S. junceum; the taxon, karyologically heterogeneous, pres-
ents the numbers 2n = 48, (50), 52, 54 (sometimes with some B chromosomes), with x = 12,
and consists of both eutetraploid and hyperaneuploid populations.

Introduction

A detailed karyological analysis on four xerophytic genera [Retama Raf.,
Echinospartum (Spach) Fourr., Erinacea Adanson and Spartium L.] of Genisteae
(Fabaceae) from the Mediterranean region was carried out. Thirteen out of ca 16 infra-
generic taxa were examined on the basis of the analysis of 54 wild populations.

Another xerophytic genus, Gonocytisus Spach, with an eastern Mediterranean distribu-
tion, was already studied in a former note (Cusma Velari & Feoli Chiapella 1996).

These genera present a systematic position intermediate between the Cytisus and
Genista groups, the most complex and differentiated of the Genisteae tribe. Among these
genera, on the basis of morphologic and serologic characters, Erinacea appears to present
a greater affinity with the Cytisus group, while Echinospartum, Retama and, to a lesser
extent, Spartium and Gonocytisus have a greater affinity with the Genista group (Polhill
1976; Bisby 1981; Cristofolini & Feoli Chiapella 1984; Feoli Chiapella & Prodan 1989).
On the basis of genomic analysis Késs & Wink (1997) have noticed that a series of genera
of Genisteae “take a position between the Cytisus and Genista complexes”. Retama,
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Spartium and Echinospartum are clearly part of the Genista line of diversification; the
position of Erinacea cannot be established with certainty, being related either to Cytisus or
Genista group (Késs & Wink 1997; Cubas & al. 2002; Pardo & al. 2004).

Materials & Methods

Karyological investigations were carried out on seeds collected in the field. The locali-
ties of the collection are given in Tables 1-3. Voucher specimens of the seeds collected by
the Authors are deposited in the Herbarium of the Department of Biology, University of
Trieste (TSB).

Mitoses were observed on root tips of seedlings, pretreated with 8-hydroxiquinoline and
stained using the routine Feulgen method. For each population 5 to 15 metaphase plates
were examined. Only numbers of chromosomes can be given here, because of the size of
the chromosomes, many of which too small for effective karyotyping.

The nomenclature of the taxa follows Greuter & al. (1989), Talavera (1999a, b, ¢, d) and
Maire (1987), the last for the North African ones.

Results and Discussion

Retama Raf.

The genus Retama has a mostly Mediterranean distributional range, with diversifi-
cation centre in the western part, especially in northwestern Africa (Lems 1960; Maire
1987; Greuter & al. 1989).

Retama monosperma (L.) Boiss. occurs in southwestern Iberian Peninsula, Morocco
and Algeria; var. webbii (Spach) Maire is present along the Atlantic littoral of Morocco
(Maire 1987; Talavera 1999b).

Retama rhodorhizoides Webb & Berth. (=R. monosperma subsp. rhodorhizoides
(Webb & Berth.) Ceb. & Ort.) is endemic to Canary Islands (Santos Guerra 1983;
Bramwell & Bramwell 1990; Rivas Martinez & al. 1993).

Retama raetam (Forsskél) Webb subsp. raetam, a Saharo-Arabian taxon, is spread
in northern Africa, Israel, Lebanon, Syria and Arabian Peninsula; subsp. gussonei
(Webb) Greuter occurs only in southern Sicily and on the Ionian coast of Calabria
(Pignatti 1982; Maire 1987; Greuter & al. 1989; Peruzzi & Cesca 2003).

Retama sphaerocarpa (L.) Boiss. is distributed in the Iberian Peninsula, Morocco,
Algeria and Tunisia; var. atlantica (Pomel) Batt. occurs in central and eastern
Morocco, and in western Algeria (Maire 1987; Talavera 1999Db).

Retama dasycarpa Cosson is endemic to Morocco, Great Atlas and Antiatlas
(Maire 1987).

The chromosome somatic number 2n = 48, sometimes with some B chromosomes
(up to 6), was releved constantly both in present study and in literature for all the taxa
of the genus (see Table 1, Fig. 1-2). Chromosome size ranges between 0.55 and 3.50
pm. The numbers 2n = 24 and 2n = 52 are only reported respectively by Labadie
(1979) for Retama raetam subsp. raetam and by Gilot (1965) for R. sphaerocarpa, the
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Fig. 1. Photomicrographs and relative drawings of somatic metaphase plates of: a, Retama sphaero-
carpa (La Almunia de Dofla Godina), 2n = 48 + 2B; b, R. monosperma (Céadiz), 2n = 48 + 4B; ¢, R.
monosperma var. webbii (Anti Atlas), 2n = 48 + 2B; d, R. dasycarpa (Vallée du Dréa), 2n =48 + 3B.
— Arrows indicate B-chromosomes. Scale bars = 5 pm.
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Fig. 2. Photomicrographs and relative drawings of somatic metaphase plates of: a, Retama raetam
subsp. gussonei (Lampedusa), 2n = 48 + 2B; b, R. raetam subsp. raetam (Jerusalem), 2n = 48; draw-
ing of somatic metaphase plates of: ¢, R. rhodorhizoides (Tenerife), 2n =48 + 2B; d, R. sphaerocarpa
var. atlantica (Haut Atlas), 2n = 48 + 4B. — Arrows indicate B-chromosomes. Scale bars =5 um.
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latter from cultivated material (see Table 1). The number 2n = 48 may be traced back
to the basic number x = 12, which is by far the most common secondary basic number
in Genista, Cytisus and generally in Genisteae (Safiudo 1979; Goldblatt 1981a; Cusma
Velari & Feoli Chiapella 1994; Cusma Velari & al. 2003). Thus the genus is
eutetraploid and results very homogeneous karyologically.

Echinospartum (Spach) Fourr.

Echinospartum is distributed in the Iberian Peninsula and in southern France
(Greuter & al. 1989; Talavera 1999a).

Echinospartum horridum (Vahl) Rothm., which occurs in northern Spain and in
southern France, and E. boissieri (Spach) Rothm., endemic to southern Spain (Sierras
Béticas), both present the number 2n = 44 + 0-2B (see Table 2, Fig. 3).

Echinospartum ibericum Rivas Mart., Sanchez-Mata & Sancho, distributed in the
northwestern and central Iberian Peninsula, has the number 2n = 52 + 0-4B. The same
number is reported for both subsp. ibericum and subsp. pulviniformis (Rivas Mart.)
Rivas Mart. (Sanudo 1974; Fernandes & al. 1977; Cubas & al. 1998). The more rare
numbers 2n = 24 and 2n = 48 are reported respectively by Santos (1944/45) and De
Castro (1949), both from cultivated material of E. ibericum s.1. (see Table 2, Fig. 3).

Also the allied species Echinospartum barnadesii (Graells) Rothm., endemic to a
small region of central Spain, presents the number 2n = 52 (Safiudo 1974; Cubas & al.
1998). The number 2n = 24, reported by Gallego Martin & al. (1984) in a preliminary
note but not in the following paper (Gallego Martin & al. 1985), may be considered as
doubtful (see Table 2).

Talavera & Aparicio (1995) found n = 27 for Echinospartum algibicum Talavera &
Aparicio, endemic to Sierra de Grazalema (Malaga) (see Table 2).

In this analysis chromosome size ranges between 0.77 and 3.63 pm.

Thus, the species of this genus result all aneuploid; while Echinospartum horridum and
E. boissieri are hypoaneuploid with secondary basic number x = 11, E. ibericum, E. bar-
nadesii and E. algibicum are hyperaneuploid with secondary basic number x = 13.

It is worth noticing that the two different basic numbers correspond to a different ecol-
ogy of the species of the genus: while Echinospartum horridum and E. boissieri are both
calcicolous species, E. ibericum, E. barnadesii and E. algibicum are silicicolous (Talavera
1999a). Aparicio & al. (2002, Pp. 196-197), using allozyme evidence, found that “E. iber-
icum, E. barnadesii and E. algibicum form a genetic group of taxa”, while “the calcicolous
E. boissieri is genetically unrelated to the set of silicicolous species”. Finally Pardo & al.
(2004), on the basis of nucleotide sequences of ntDNA and cpDNA, underline that
Echinospartum is formed by two separated clades: the former comprehending E. horridum
and E. boissieri, the latter E. ibericum and E. barnadesii.

Thus, Echinospartum, which appears quite homogeneous morphologically, results
heterogeneous from the ecological, karyological, genetic and molecular point of view.

Erinacea Adanson

Erinacea is a monospecific genus, with E. anthyllis Link distributed in the eastern
Iberian Peninsula, southern France (eastern Pyrenees) and northwestern Africa (Morocco,
Algeria and Tunisia) (Maire 1987; Greuter & al. 1989; Talavera 1999d).
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Fig. 3. Photomicrographs and relative drawings of somatic metaphase plates of: a, Echinospartum
horridum (Vielsa—Tella), 2n = 44; b, E. ibericum (Serra da Estrela), 2n = 52 + 2B; ¢, E. boissieri
(Sierra de la Pandera), 2n = 44. — Arrows indicate B-chromosomes. Scale bars = 5 um.
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Fig. 4. Photomicrograph and relative drawing of somatic metaphase plate of Erinacea anthyllis
(Sierra Nevada), 2n = 52. — Scale bar = 5 pm.

The species presents the chromosome number 2n = 52 (see Table 2, Fig. 4), resulting
thus hyperaneuploid with secondary basic number x = 13. Chromosome size ranges
between 0.88 and 3.63 pum.

Spartium L.

Spartium is a monotypic genus with S. junceum L. growing in the Mediterranean region,
introduced and naturalized in the Canary Islands (Heywood 1968; Santos Guerra 1983;
Greuter & al. 1989).

The taxon results quite heterogeneous karyologically, with the numbers 2n = 48, 52, 54,
(56), sometimes with some B chromosomes, up to 4 (see Table 3, Fig. 5). Chromosome
size ranges between 0.60 and 3.41 pm.

The species, which has the basic number x = 12, consists of both eutetraploid and hyper-
aneuploid populations. Different numbers, both euploid and aneuploid, were found in
some populations. Apparently, there is no correlation between the chromosome number
and the distribution pattern of the populations.

As regards the other xerophytic genus, Gonocytisus Spach, the only karyologically stud-
ied species is G angulatus (L.) Spach; Goldblatt (1981b) reported the number 2n = 50,
Cusma Velari & Feoli Chiapella (1996) 2n = 48.
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Fig. 5. Photomicrographs and relative drawings of somatic metaphase plates of Spartium junceum
from: a, Limone, 2n = 48 + 2B; b, Hierro, 2n = 54; ¢, Krk, 2n = 54, d, Zivogoﬁée, 2n = 54. — Arrows
indicate B-chromosomes. Scale bars = 5 pm.
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Appendix
List of voucher specimens of the seeds collected by the authors:

Retama monosperma (L.) Boiss. var. webbii (Spach) Maire — Morocco, western Anti Atlas,
600 m, 25 Jun 1987, L. Feoli Chiapella (TSB).

Retama sphaerocarpa (L.) Boiss. — Spain, Malaga, Estepona, 120 m, 9 Aug 1989, L. Feoli
Chiapella (TSB).

Retama sphaerocarpa (L.) Boiss. — Spain, Granada, Motril-Granada, 200 m, 11 Aug 1983, L.
Feoli Chiapella (TSB).

Retama sphaerocarpa (L.) Boiss. var. atlantica (Pomel) Batt. — Morocco, Haut Atlas,
Ouarzazate-Marrakech, 1500 m, 30 Jun 1987, L. Feoli Chiapella (TSB).

Retama dasycarpa Cosson — Morocco, Vallée du Dréa, Ouarzazate-Zagora, 950 m, Oct 1997,
E. Feoli (TSB).

Echinospartum boissieri (Spach) Rothm. — Spain, Jaén, Sierra de La Pandera, 1300 m, 8 Aug
1989, L. Feoli Chiapella (TSB).
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Erinacea anthyllis Link — Spain, Granada, Sierra Nevada, 1950 m, 5 Aug 1989, L. Feoli
Chiapella (TSB).
Spartium junceum L.— Italy, Carbonia Iglesias, Nebida, 150 m, 14 Jul 2002, L. Feoli Chiapella (TSB).
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Sedum ser. Rupestria Berger (Crassulaceae): work in progress toward a
checklist of taxa and their distribution

Abstract

Gallo, L.: Sedum ser. Rupestria Berger (Crassulaceae): work in progress toward a checklist of
taxa and their distribution. — Bocconea 23: 203-205. 2009. — ISSN 1120-4060.

The author proposes a provisional list of the taxa included in the series Rupestria Berger of the
genus Sedum (Crassulaceae), hybrids included, with the known distribution. Also major taxo-
nomical and chorological problems are quoted.

Sedum series Rupestria Berger (Crassulaceae), well known for the peculiar “reticulated”
evolution, very important in the development of the adaptation skills to environmental oppor-
tunities (‘t Hart 1978; ‘t Hart & al. 1993; van Ham & ‘t Hart 1994), is only partially known tax-
onomically. This series, with the ancestral faxa located in the Iberian Peninsula (van Ham & ‘t
Hart 1994), spread in all the Mediterranean region and also in Western and Central Europe.

Fifteen accepted taxa (species, subspecies and hybrids) have been so far described, but five
new hybrids were discovered by the author in the French-Italian Alps. In the table 1 an up-to-
date checklist of these faxa is reported along with their presently known distribution.

An outstanding result of the work is the synonimization of S. rupestre subsp. erectum ‘t Hart
with S. montanum subsp. orientale ‘t Hart, supported by the inconsistency of the alleged mor-
phological differences between them; the taxonomical consequences are important and involve
also the nothotaxa which it gave origin to as one of the parental taxa.

This taxon, raised to specific rank sub Petrosedum (Grulich 1984) and more recently sub
Sedum (Gallo & Bracchi 2005), is here definitively named S. thartii Hebert.

The identification of the nothotaxa in this series, in part performed by Henk ‘t Hart (1978,
1979, 1987), is a difficult task, requiring more field studies, especially in France and Italy,
where the sympatric presence of many species (see e.g. Durance Valley in France) make
hybridization very easy; specific researches are also in progress in herbaria, as at G and at ZSS,
where ‘t Hart’s collection was transferred some years ago from Utrecht (Eggli in /itt.). The true
identity of S. hegnaueri ‘t Hart pro hybr. and S. hommelsii ‘t Hart pro hybr. is in fact still
obscure today, because S. rupestre subsp. erectum ‘t Hart, one of the parents, is an enigmatic
taxon never collected by anyone in the French Alps. Table 1 lists all the names of the faxa found
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through field, herbaria and bibliographical researches, but in the future, some of them could be
treated as synonims.

Many taxonomical, nomenclatural and chorological problems remain to be solved; the cur-
rent taxonomic and chorological knowledge is insufficient to propose a conclusive checklist.
More studies are required to clarify some major problems, such as the correct taxonomical rank
of the Mediterranean populations of S. rupestre and S. ochroleucum, and the re-evaluation of
some neglected names such as S. nicaeense All.

By the nomenclatural view-point, the typification of S. rupestre L. by ‘t Hart & Jarvis (1993)
was superseded by that of Heath of 1992, as recently stated (Jarvis 2007: 836;
http://www.nhm.ac.uk/research-curation/projects/linnaean-typification/index.html); the conse-
quences are noteworthy, because the Linnean binomial S. rupestre at present is the correct name
for the well known S. forsterianum Sm., with unavoidable nomenclatural changes and a resum-
ing of obsolete binomials, if a proposal for its conservation is not made.

Lastly, from the chorological view-point, many problems remain to solve, as the boundaries
of the areas of S. rupestre and S. thartii, frequently confused; their distribution, especially in
Central Europe, must be revised and perhaps major changes in the European floras will be
made in the future.
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R. Schicchi, A. Geraci & P. Marino

Genetic diversity on Pyrus L. (Rosaceae) in Sicily

Abstract

Schicchi, R., Geraci A. & Marino P.: Genetic diversity on Pyrus L. (Rosaceae) in Sicily. —
Bocconea 23: 207-212. 2009. — ISSN 1120-4060.

The genetic diversity on six Pyrus species (P. amygdaliformis, P. pyraster, P. communis, P. val-
lis-demonis, P. sicanorum, P. castribonensis) from Sicily was investigated using isozymes.
Atotal of 26 alleles was found in 8 loci of 5 enzyme systems (IDH,MDH, 6-PGD, PGI and
SKD). The allelic frequencies and the genetic variability values for each population were cal-
culated. The greatest rate of polymorphism was found in P. sicanorum, P. castribonensis and P.
amygdaliformis from Sicani Mts. The relationships among the populations were computed by
Nei’s genetic identity/distance and the obtained dendrogram shows a remarkable genetic dis-
tance of P. vallis-demonis from of all other investigated taxa; P. sicanorum appeared enough
distinguished; the other examined taxa formed a clade in which P. castribonensis and P. amyg-
daliformis, resulted more similar than P. communis and P. pyraster.

Introduction

Pyrus L. in Sicily is a very polymorphic genus and several taxonomical studies based on
field periodical surveys and selected collections (branchlets, buds, flowers, fruits) have been in
progress for some years in order to understand and evaluate the variation affecting such critical
genus in Sicily. In particular, Pyrus amygdaliformis Vill. (= P. spinosa Forssk.), P. pyraster
Burgsd. and P communis L. are involved in these surveys. Related to these three species indeed,
several taxa which are not enough delimited were described in the past (Gussone 1826,
Lojacono 1891). The critical revision of the genus in Sicily has so far led to identify three new
species: the first, P. vallis-demonis Raimondo & Schicchi, located on Nebrodi Mounts; the sec-
ond, P, sicanorum Raimondo, Schicchi & P. Marino occurring on Sicani Mounts; the third, P.
castribonensis Raimondo, Schicchi & Mazzola distributed mainly on Madonie Mounts
(Raimondo & Schicchi 2004, Raimondo & al. 2006a, 2006b).

As caryology is concerned the genus is characterized by 2n = 2x = 34, suggesting the
hypothesis that Maloideae subfamily arose in the remote past as allopolyploid hybrid from
Spiraeoideae (x = 9) and Prunoideae (x = 8) (Chevreau & al. 1985, Morgan & al. 1994).
This is also confirmed by Chevreau & al. (1997) in their results about inheritance of
isozyme loci in P. communis.

The aim of the present contribute is to assess the genetic variability in the three new
species, and also in P. amygdaliformis, P. pyraster and some P. communis cultivars, using
a molecular approach. There is not, in fact, a genetic information known about Sicilian
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species of the genus Pyrus. Several studies have been realized with isozymic method to
analyze a large number of cultivars of P. communis, a lot of Asian species of pears in order
to characterize them genetically (Cerezo & Socias 1989, Jang 1991, Sharifani & Jackson
2002). Several eastern Asian species and related cultivars have been recently examined
with analyses based on DNA markers providing informations regarding the immediate
ancestor of cultivated pear, the influence of hybridation and the genetic diversity (Iketani
& al. 1998, Monte-Corvo & al. 2000, Yamamoto & al. 2002, Kim & al. 2005). In our study
we chose the allozymic analysis which is very useful to describe allelic variation and to
assess the range of genetic similarity among these species.

Materials and methods

Six species of pear were investigated and the plants were collected from their natural
localities in Sicily (Fig. 1). A sample of 15-20 individuals was tested except for P. vallis-
demonis (6 individuals). The following enzyme systems were examined: IDH — isocitrate
dehydrogenase (E.C.1.1.1.42), MDH — malate dehydrogenase (E.C.1.1.1.37), 6PGD — 6-
phosphogluconate dehydrogenase (E.C.1.1.1.44), PGI — phosphoglucoisomerase
(E.C.5.3.1.9) and SKD - shikimic dehydrogenase (E.C.1.1.1.25). Enzymes were extracted
from the buds because of phenolic compounds in pear leaves which make difficult the
enzyme extraction (Sharifani & Jackson 2002). The buds collected before their opening
were crushed in 150 pl buffer containing TrisHCI pH 7.1 and 3% w/v PVP, 65 mM DTT,
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Fig. 1. Distribution of collected material of Pyrus populations.
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8 mM EDTA, 7 mM f-mercaptoethanol. Crude extracts for each sample were absorbed on
paper wicks and stored at -80°C until use. Horizontal electrophoresis was performed on
11% starch gel (Sigma, St. Louis, MO. USA) according to Kephart (1990). Two buffer sys-
tems were used: Tris-citrate, pH 7.0 (Meizel & Markert 1967) for PGI, SKD, and
Morpholine-citrate, pH 6.1 (Clayton & Tretiak 1972) for IDH, MDH and 6-PGD. After
migration gel slices were incubated in a staining solution following Wendel & Stuber
(1984). The loci and alleles were counted and numbered from the anode to the cathode.

For the data analyses Biosys-2 software (Swofford & Selander 2000) was utilised and
the following parameters were considered: the allozyme frequencies, the mean number of
alleles per locus (A), the mean percentage of polymorphic loci (P), the observed (Ho) and
expected (He) heterozygosity (according to the Hardy-Weinberg law). The chi-square test
was used to evaluate the significance of the deviation from the Hardy-Weinberg law.

Genetic relationships among populations were calculated computing the genetic dis-
tance (Nei 1972, 1978). Cluster analysis was performed by UPGMA method using Nei’s
genetic identity measure.

Results

Twentysix alleles were found in 8 loci of 5 examined enzyme systems. The loci with the
highest variability result: Pgi-2 (6 alleles), Idh-1 and Mdh-2 (4 alleles). The locus 6Pgd-1 is
monomorphic for all populations. Five exclusive alleles were found: allele “a” in Idh-1 locus
in P, sicanorum, allele “a” in Mdh-1 locus in P. communis, alleles “¢” and “f” in Pgi-2 locus
in P. sicanorum and P. castribonensis respectively, allele “a” in Skd-1 locus in P. sicanorum.
Only a rare allele was found in P. castribonensis (allele “d” in Pgi-2 locus).

The genetic variability parameters in all investigated populations are shown in Table 1.
The mean number of alleles per locus ranges from 1.5 in P. pyraster and P. vallis-demonis
to 2.6 in P. sicanorum. The greatest rate of polymorphism (75%) was found in P. sicano-
rum, P. castribonensis, P. amygdaliformis from Sicani Mts.; the lowest in P. vallis-demo-
nis, P. pyraster and P. amygdaliformis from Madonie Mts. High levels of expected and

Tab. 1. Genetic variability at 8 loci in all populations investigated. (A) mean number of alleles per
locus; (P) percentage of loci polymorphic at 99% (P99); (Ho) heterozygosity observed (direct-count);
(He) heterozygosity expected (Hardy —Weinberg law).

Population A P99 Mean heterozygosity
Ho He
P .amygdaliformis (Madonie Mts.) 1.8 37.5 0.188 0.210
P. amygdaliformis (Sicani Mts.) 1.9 75.0 0.314 0.253
P. vallis-demonis (Nebrodi Mts.) 1.5 37.5 0.313 0.250
P. sicanorum (Sicani Mts., Tudia Village) 2.6 75.0 0.563 0.443
P. castribonensis (Madonie Mts.) 2.1 75.0 0.432 0.350
P. communis (Palermo, Botanical Garden) 1.9 62.5 0.150 0.173
P. pyraster (Sicani Mts.) 1.5 37.5 0.225 0.206
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observed heterozygosity were detected in several examined populations; in particular P
sicanorum and P. castribonensis show the highest values of both Ho (0.563 and 0.432) and
He (0.443 and 0.350).

The dendrogram based on Nei’s genetic identities shows the relationships among the
studied populations of Pyrus (Fig. 2). The lowest genetic distance was detected between
the two populations of P. amygdaliformis (0.004) which showed also low values of dis-
tance with P. castribonensis (0.067 and 0.016), P. communis (0.054 and 0.091) and P.
pyraster (0.048 and 0.047). The distance value between P. pyraster and P. communis was
0.061 while the value between P. castribonensis and P. communis resulted 0.118.

The highest values were found between P. vallis-demonis and the other populations of
the examined species, in particular with P. castribonensis (0.354).

Discussion

The allozyme analysis carried out in this study allowed showing the genetic variability
in these wild populations of pear recently described and well characterized under the mor-
phological and ecological aspects. A high level of polymorphism and heterozygosity was
detected in the examined populations. These results agree with the ancient allopolyploid
origin of the Maloideae that causes structural heterozygosity. A large contribution at the
variability is also determined by the mating system. Pyrus is characterized, in fact, by
allogamy and cross pollination is realized by insects; individuals have got a very high
degree of self-incompatibility (Chevreau & al. 1997). Past studies on the variation of seed
content in fruits in pear varieties showed that proofs about apomictic seeds do not exist and
natural autogamy occurred with low fruit set and very few viable seeds (Nyéki & Soltész
1998). The enzyme PGI showed a large range of variation within these species (6 differ-
ent alleles at Pgi-2 locus, two of them exclusive) and revealed the most discriminative
characterization of Pyrus. This datum agrees with Sharifani & Jackson (2002) who obtain
a significant relatedness among wild species and cultivars of P. communis. Moreover the
loci Mdh-1 and 6Pgd-2 play a great role in the differentiation of populations.

Similarity
0.60 0.67 0.73 0.80 0.87 0.93 1.00

‘P, amygdaliformis (Madonie Mts.)

‘P amygdaliformis (Sicani Mts.)

‘P, castribonensis (Madonie Mts.)

‘P communis (Palermo, Botanical Garden)
‘P, pyraster (Sicani Mts.)

‘P, sicanorum (Sicani Mts., Tudia Village)
P vallis-demonis (Nebrodi Mts.)

0.60 0.67 0.73 0.80 0.87 0.93 1.00

Fig. 2. Dendrogram (UPGMA method) showing the relationships among 7 populations of Pyrus.
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Concerning to the relationships among the different populations, in our work a remark-
able genetic distance of P. vallis-demonis in comparison of all other investigated taxa was
discovered; P. sicanorum appeared enough distinguished; the other examined taxa formed
a clade in which P. castribonensis and P. amygdaliformis resulted more similar than P
communis and P. pyraster.

Correlation between allozymic analysis and morphological classification

P vallis-demonis is enough morphologically distinguished by other taxa: it is charac-
terized by small fruits and deciduous calyx and its separation was also noticed with the
genetic analysis. P. castribonensis differs from P. amygdaliformis in the crenulate leaf mar-
gin and in the bigger fruits, while it is more related to P. pyraster, species that Aedo &
Aldasoro (1998) included in P. communis. Nevertheless P. castribonensis, althought it
shares with these taxa the leaf lamina shape and the leaf margin, differs in the leaf
width/lenght ratio, in the pome shape which is globose with flattened poles and bigger than
the P pyraster fruit, and in the deciduous or semi-persistent calix. In this analysis, P. cas-
tribonensis, althought it belongs to the same group in which also P. communis and P,
pyraster were found, results more related with P. amygdaliformis. P. sicanorum, included
for its morphologycal features in the group characterized by pomes with persistent calyx
comprising also P. communis and P. pyraster, results rather differentiated from these last
species under the genetical aspects and a clear separation with P. amygdaliformis is here
also confirmed.

In conclusion, this analysis, realized from enzyme extraction out of buds, even though
working with isoenzymes in pear is more difficult than other taxa (Stephan & al. 2003),
appeared valid. The results permitted showing the variability in these taxa, but they reflect
partially the relationships detected on morphological characters. Morphological and
molecular data, however, do not always correspond. Other studies, in fact, on genetic
diversity in EastAsian species of Pyrus, based on RFLP markers and cpDNA (Iketani & al.
1998) showed the incongruences between RFLPs and morphological classification or geo-
graphical distribution among oriental pear species. Further extensive studies using both
several molecular markers and micromorphological characters can be useful to improve
the knowledge of the diversity in these Sicilian species and to understand the evolution and
their taxonomical relationships.
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Karyomorphological data as phylogenetic markers in species of Vicia subgenus. — Bocconea
23:213-220. 2009. — ISSN 1120-4060.

The relationships within and among sections Bithynicae, Narbonensis and Faba have been
investigated by karyological and molecular approaches and the results of the analysis confirmed
the classification of Maxted, emphasizing the remoteness of V. faba and V. bithynica from the
species of Narbonensis section. Later karyomorphological and molecular phylogeny of section
Hypechusa have been investigated starting from Maxted classification, that subdivided the sec-
tion Hypechusa in two series, Hyrcanicae and Hypechusa, and pointed out the heterogeneity of
these series. A multivariated analysis using 34 new karyomorphological parameters in addition
to TF%, SYi and Rec indices was carried out and the dendrogram of linkage distance was more
resolved compared to previous elaborations. This analysis confirms the grouping of the species
of section Hypechusa according to the chromosome number but highlights different clusters
corresponding to the two series.

Introduction

The relationship between Vicia faba and its putative allies of the subgenus Vicia has
always been controversial. Following the classification of Kupica (1976) and Hanelt &
Metting (1989), Maxet & al (1991) divided the subgenus Vicia, after cytotaxonomic stud-
ies, into nine sections. He substituted the section Faba sensu Kupica with three distinct
sections: Bithynicae and Faba, monospecific, and Narbonensis containing the species
before referred to as Narbonensis complex. The remaining six sections were Atossa (Alef.)
Asch. & Graebner, Microcarinae Maxted, Hypechusa (Alef.) Asch. & Graebner,
Peregrinae Kupicha, Wiggersia (Alef.) Maxted and Vicia L.. The present study is under-
taken to obtain karyomorphological details and karyotipic affinities within subgenus Vicia,
to use karyological data in projecting species relationships.

In spite of the accumulating molecular data, chromosome information continues to be
important in assessing phylogenetic relationships and allow the elaboration of phylogenet-
ic trees, comparable to molecular dendrograms. These considerations strongly support the
idea to study the phylogenetic relationships among Vicia species by employing different
approaches and using as large a number of data as possible, so as to obtain sets of com-
plementary data to be integrated with traditional taxonomic studies.
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Materials and Methods

Plant materials

The names, source and accession numbers of the selected species are listed in Table 1
and Table 2.

Cytophotometric analysis

Squashes of root tips were prepared according to Caputo & al (2006); squashes of V.
faba were stained concurrently with each group of slides and used as internal standard.
Feulgen absorptions were measured by a Leitz MPV3 integrating microdensitometer
(Wetzlar, Federal Republic of Germany); absorption measured in V. faba preparations was
used to convert relative Feulgen arbitrary units into picograms of DNA.

Karyomorphometry

The microscopic investigation was conducted with a Zeiss Axioplan 2 microscope
(Carl Zeiss Jena GmbH, Jena, Federal Republic of Germany) connected to an image
analysis system KS 400 Zeiss, with dedicated software for karyotyping IKAROS 3.40
(Metasystem Gmbh, Altlussheim, Federal Republic of Germany), which enables more
reliable results than the traditional hand-made karyotype. Slides were prepared and ana-
lyzed according to Venora & al. (1991). For each species at least five metaphases for
each of five seedlings were analyzed. The total chromosome length of short arms, long
arms, and satellites was measured with the computer system. The TF% index (Huziwara
1962), and the Rec and SYi indices (Greilhuber & Speta 1976) were used to perform
the analysis. The description of the indices is explained in a previous report (Venora &
al. 2000). A hierarchical cluster analysis using Euclidean distances (SPSS release 13
Inc 1989-2003, statistic package) was also employed to compare all the karyological
data of the species belonging to Vicia subgenus.

Results and Discussion

The present work shows two examples of utilization of cytological and karyological
paramenters in the study and in a further reconsideration of phylogenetic relationships
inside the subgenus Vicia. The first set of data concerns the sections Narbonensis,
Bithynicae and Faba. All karyological data from the analyzed species are reported in Table
1, including Rec, SYi, TF%. The spatial representation of symmetry indices, obtained by
means of dedicated software and with high degree of accuracy, may be, as generally
accepted (Pasko 2006), a good indication of the karyotype evolution. Figure la and 1b
illustrate the spatial representation of the karyological indices of the species belonging to
Vicia sect. faba, according to Kupicha (1976) and the seven species of the Narbonensis
complex, respectively. Fig. la evidences three distinct groups: the V. narbonensis com-
plex, V. faba and V. bithynica. The recognition of three distinct units in Vicia sect. faba is
in line with the classification of Maxted & al. (1991) and with molecular sequence data
derived from the alignment of ITS regions (Venora & al. 2000). Moreover it is to under-
line that V. bithynica can be considered closely allied to V. faba, confirming the biochem-
ical and cytological data of Perrino & Pignone (1981). In Fig. 1b the spatial representation
of the Narbonensis complex highlights four distinct groups: two monospecific (V. hyaenis-
cyamus and V. serratifolia), one composed of two species (V. galilaea and V. johannis) and
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Fig. 1. a Karyotype symmetry of Vicia sect. faba and Narbonensis complex with Rec, SYi and TF%
indices. B, V. bithynica; F, V. faba. b Karyotype symmetry of the V. narbonensis complex with Rec,
SYi and TF% indices. N, V. narbonensis; E, V. eristalioides; G, V. galilaca; H, V. hyaeniscyamus; J,
V. johannis; K, V. kalakhensis; S, V. serratifolia. (Redrawn from Venora & al. 2000).

Fig. 2. Karyotype symmetry of the species of
section Hypechusa: ¢ = series Hyrcanicae (1- V.
assyriaca; 2- V. tigridis; 3- V. galeata; 4- V.
hyrcanica; 5- V. noeana; 6- V. esdraelonensis); 0 =
series Hypechusa (7- V. melanops; 8- V. ciliatula; 9-
V. anatolica; 10- V. mollis; 11- V. pannonica; 12- V.
hybrida; 13- V. sericocarpa; 14- V. lutea), with Rec,
SYi and TF% indices. Boxes include species with
the same chromosome number. (Redrawn from
Ruffini Castiglione & al. 2007).

Linkage Distance
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Fig. 3. Hierarchical cluster analysis: dendrogram of Vicia species (using average linkage between
group) based on the 37 chromosome parameters as reported in Table 3 . (Redrawn from Ruffini
Castiglione & al. 2007).
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Table 3. Parameters used in cluster analysis, recorded in any plate of every analysed accession.

Parameters Code n. Description
TF% 1 Total Form (%)

Rec 2 Resemblance among chromosomes
SYi 3 Symmetry index

Cl 4 Total length of haploid complement
2n 5 Chromosomes diploid number

N. cro. sat 6 Number of satellited couples

1" satellite 7 Length of the 1% satellite

1" Sat. Pos. 8 Satellite position, short or long arm
2" satellite 9 Length of the 2™ satellite

2" Sat. Pos. 10 Satellite position, short or long arm
3 satellite 11 Length of the 3™ satellite

3 Sat. Pos. 12 Satellite position, short or long arm
N. cro.m 13 Number of metacentric couples

N. cro. sm 14 Number of submetacentric couples
N. cro. st 15 Number of subtelocentric couples
N.cro. t 16 Number of telocentric couples

ClL 17 Chromosome 1* length

Cl ar 18 Chromosome 1 arm ratio

clci 19 Chromosome 1* Centromeric Index *
C2L 20 Chromosome 2™ length

C2ar 21 Chromosome 2™ arm ratio

c2cCl 22 Chromosome 2™ Centromeric Index
C3L 23 Chromosome 3™ length

C3ar 24 Chromosome 3™ arm ratio

c3cl 25 Chromosome 3™ Centromeric Index
C4L 26 Chromosome 4™ length

C4 ar 27 Chromosome 4™ arm ratio

c4Cl 28 Chromosome 4™ Centromeric Index
C5L 29 Chromosome 5" length

C5ar 30 Chromosome 5™ arm ratio

C5Cl 31 Chromosome 5™ Centromeric Index
C6L 32 Chromosome 6™ length

C6 ar 33 Chromosome 6™ arm ratio

Co6 CI 34 Chromosome 6™ Centromeric Index
C7L 35 Chromosome 7" length

C7 ar 36 Chromosome 7™ arm ratio

C7CI 37 Chromosome 7™ Centromeric Index

e The Centromeric index is the ratio of the short arm and chromosome length.

the last with V. narbonensis, V. eristalioides and V. kalakhensis. The diversity within the
Narbonensis complex, partially illustrated in the past by the distribution of the Fokl
repeats (Yakura & al 1987), on the contrary can not be evidenced by the analysis of ITS
regions (Venora & al 2000); and this fact, once more, demonstrate the importance of the
karyomorphometric approach in the study of phylogenetic relationships.

More recently the use of many karyological parameters has even allowed the elabora-
tion of phylogenetic trees, comparable to molecular dendrograms. With regard to this sub-
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ject, we report the second set of data, that includes Vicia species belonging to Hypechusa
sect. with their accession, chromosome numbers and DNA contents, (Table 2). Sect.
Hypechusa now includes 14 species, divided into two series, Hyrcanicae and Hypechusa,
on the basis of their peduncle length, corolla shape and size, and standard pubescence
(Kupicha 1976). Also in this case, from the asymmetry indices (Table 2) a spatial repre-
sentation of Sec. Hypechusa is reported (Fig. 2): it evidences three clusters, depending on
the chromosome number (2n= 10: V. melanops, V. ciliatula, V. anatolica, V. mollis; 2n=12:

V. assyriaca; V. tigridis; V. galeata; V. hyrcanica, V. noeana, V. esdraelonensis, V. pan-
nonica, V. hybrida, V. sericocarpa; 2n= 14: V. lutea), but does not meet entirely the classi-
cal division in the two series (Caputo & al. 2006). This fact also emerges from the ITS
sequence analysis, evidencing that neither series of sect. Hypechusa is monophyletic and
a somehow closer affinity among species belongong to different sections exists (Caputo &
al. 2006). A multivariate analysis using 34 new karyological parameters (Table 3), in addi-
tion to the indices TF%, SYi and Rec, was also carried out. The dendrogram of linkage dis-
tance (Fig. 3) is more resolved as compared to previous elaborations. From these data we
conclude that cytological and karyomorphological results indicate that sect. Hypechusa is
so highly heterogeneous as to raise a strong doubt about its justification and its infrasec-
tional taxonomy (i.e., the two series).

The use of karyomorphological traits as characters in reconstructing phylogenies is a
relatively recent phenomenon strongly supported by the more sophisticated and repeatable
phylogeny-producing algorithms available today. Moreover, together with molecular data,
karyomorphological parameters used in cluster analysis allow to draw further considera-
tions about the phylogenetic relationships among the analyzed species.
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Florae Europaeae. — Bocconea 23: 221-235. 2009. — ISSN 1120-4060.

A phytogeographical analysis of the Alchemilla (Rosaceae) flora of Mediterranean Europe is
presented on the basis of maps in Atlas Florae Europaeae vol. 14. In Mediterranean Europe,
Alchemilla species are confined to the mountains, and 92% of them (346 species) are endemic
to Europe. Many of them have very small ranges, limited to one or to only a few 50 km x 50
km AFE grid cells. The known diversity and endemism are especially high in the Alps (149
species, of which 61% are endemics) and in the Cordillera Cantabrica — Pyrenees (79 species,
46% endemics). The Mediterranean is therefore well represented in the country-specific totals
for Alchemilla species, with three countries in the European top ten: (1st) France 121, (3rd) Italy
92 and (6th) Spain 81. Many of the species concentrated in the Alps have additional stations
further south along the Apennines, but only 3 species are known to be endemic to the
Apennines. The Balkan Alchemilla flora (60 species) includes the southernmost outposts of
many of the Alpine and/or Carpathian species. In total there are 24 Balkan endemics (40%). In
Crimea 16 of the known 20 species are endemic to the territory.

Introduction

Atlas Florae Europaeae (AFE) is a programme for mapping native and naturalized vas-
cular plants of Europe. Furthermore, information on taxonomy, nomenclature, chromo-
some numbers, biosystematics and total ranges of the taxa are added alongside the maps.
For the history of the project and the mapping system, see Uotila & al. (2005) and Kurtto
& al. (2004). AFE volume 14, published in late 2007 (Kurtto & al. 2007), covers the gen-
era Alchemilla and Aphanes. Reproduction mode in Alchemilla is almost obligate apomix-
is; according to established tradition the smallest taxonomic entities recognised by con-
stant differences in morphology are given specific rank there. Alchemilla has 433 species
in Europe (231 in Flora Europaea; Tutin & al. 1968) and well over 1 000 in the world.
Most species are confined to various types of meadow habitats; on lowlands many of them
are apophytes with uncertain natural limits of distribution areas, whereas in montane
regions they are less dependant on the human activity. In AFE 14 the genus is mapped for
the first time in its entirety on a European scale. There are many possible approaches to the
analysis of the AFE dataset, including numerical classifications of distributions and region-
al comparisons. The present paper is the first attempt to use the AFE 14 data in such a way.
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Floristic elements of the Alchemilla flora of Mediterranean Europe

Due to the fact that in Mediterranean Europe the genus Alchemilla is restricted to high
mountains, the following chorological classification is principally based on presence or
absence of species in distinct mountain ranges or their divisions. The elements have been
arranged in a sequence roughly running west to east. Only records of native species and
only records of native occurrences with certain identifications and localities are accepted
as basis for the classification and comparison, but dubious

records are discussed when they may, if substantiated, change the classification.
Taxonomy and nomenclature follow Kurtto & al. (2007). Delimitation and subdivision of
the mountain ranges follow Tutin & al. (1968), except that in this paper the southwestern
Alps include S. Jura and the central Alps include the rest of Jura and Vosges.

Iberian mountains

55 species (12.8%) of European Alchemilla are confined to the Iberian mountains
(including French Pyrenees; Fig. 1). 27 of these species are endemic to the Pyrenees, some
being present all along the range, others restricted to shorter or longer stretches of it (for
details, see Frohner 1998). The number of endemics of the Cordillera Cantabrica is 11, and
eight Iberian endemics are present only in the Pyrenees and Cordillera Cantabrica. Thus,
the pooled number of endemics present on the two ranges alone is 46.

Alchemilla atropurpurea is concentrated in the Pyrenees but has disjunct occurrences
over 400 km to the south and southwest in the mountains of Avila and Ledn. A. spectabil-
ior has occurrences in both the Cordillera Cantabrica and Pyrenees, as well as outside them
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in Sierra de la Demanda some 100 km south of the eastern end of the Cordillera
Cantabrica. 4. hypercycla and A. perspicua are present in Sierra de Satriistegui in addition
to sites about 100 km further north in the Pyrenees and Cordillera Cantabrica, respective-
ly. The mainly Pyrenean A. oscensis has a disjunct additional outpost in the mountains of
Castellon near the east coast, c. 250 km south of the Pyrenees.

Four Iberian endemics are present only in mountains south of the Cordillera Cantabrica
and Pyrenees: A. atriuscula in Sierra de Andia less than 40 km south of the western end of
the Pyrenees, A. crenulata in the mountains of Ledn just south of the western end of the
Cordillera Cantabrica, A. serratisaxatilis in Sierra de Béjar and Sierra de Guadarrama in
the central inland region, and A4. font-queri in the Sierra Nevada.

Mountains from N.W. Spain to the Alps, Apennines or Balkan Peninsula

The range of Alchemilla hybrida (syn. A. lapeyrousii) extends from the Cordillera
Cantabrica and the mountains of Castellon to the western central Alps, with core areas in
the Pyrenees and French Massif Central, whereas A. inconcinna is mainly a species of the
Cordillera Cantabrica — Pyrenees range and western central Alps but is also present in the
Massif Central. The range of A. lucida has its core in the southwestern Alps, and only
widely scattered occurrences are known from other mountains from the Cordillera
Cantabrica to the central Italian Alps.

The ranges of five species extend from N.W. Spain to the Alps and further to the
Apennines. Alchemilla coriacea has a wide and coherent distribution in and around the
Alps (north to the Vosges and Schwarzwald; Fig. 2) and in the Massif Central, comple-
mented by numerous occurrences in N. Spain in the Pyrenees and further westwards to the
mountains of Leon and southwestwards to the mountains of Avila. Furthermore, the
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species is known from the highest peaks of central Apennines, some 500 km from the near-
est stations in the Alps. The range of A. saxatilis is quite similar in the Iberian Peninsula
and Massif Central, but the species is also present far to the south in the Sierra Nevada. In
the east, the species reaches its northern limit in southern Switzerland and its southern limit
in the Ligurian and Tuscan-Emilian Apennines. A. saxatilis was once present also in
Corsica. 4. transiens has a more scattered distribution than the two previous species, but
it extends from Sierra de Guadarrama and the Cordillera Cantabrica to the eastern Alps,
Corsica and the Apennines (Ligurian and Tuscan-Emilian Apennines, as well as Abbruzzi).
A. alpigena is widely present in the Cordillera Cantabrica, Pyrenees and Alps, but absent
from the Massif Central, and has additional stations in the Ligurian and Tuscan-Emilian
Apennines.

Alchemilla lunaria has a peculiar distribution comprising central parts of the Cordillera
Cantabrica, the Pyrenees and central parts of the Alps, as well as one very disjunct (by
more than 1000 km) station in western Rodopi Planina of Bulgaria.

Mountains from the Pyrenees to the Alps or Apennines

Five of the eight species of this element have intermediary stations in the Massif Central
of France, viz. A. demissa, A. rubristipula, A. tenuis, A. trunciloba and A. vetteri. A. tenuis
is also present in Sierra Cebollera southwest of the western Pyrenees and A. vetteri in
mountains of Castellon in E. Spain (for details of the distribution of the latter species, see
Kalheber 1982). The ranges of A. demissa, A. tenuis and A. trunciloba extend even to the
Apennines as scattered occurrences.

A. conjuncta, A. pentaphyllea and A. tenerrima are absent from the Massif Central and
Apennines and thus present only in the Pyrenees and Alps. A. conjuncta is principally a
species of the western central Alps and A. pentaphyllea a species of the southwestern and
central Alps. Both have only one verified station in the Pyrenees (Pyrénées Atlantiques of
France and Valle de Boi of Spain, respectively). A. tenerrima is a rare species of the east-
ern Pyrenees and southwestern Alps (one station in Turin, Italy).

The elements of the three first groups seem to belong to the Erysimum duriaei element
of the scheme of Finnie & al. (2007) based on a wide selection of species mapped in AFE.

Massif Central of France and its connections to the east

Only one species, Alchemilla grenieri, is certainly endemic to the Massif Central, since
records of the Alpine A. amphisericea from the Pyrenees may be referable to 4. charbon-
neliana, which has hitherto been considered endemic to the Massif Central.

A. saxetana, a species previously known only from a couple of localities in Unterwallis,
Switzerland, was found in the Massif Central in 2001. A. nitida and A. pallens both show
in their distributions unique combinations of mountain ranges. 4. nitida is known from the
Massif Central, Alps, Vosges and Schwarzwald, as well as along the Apennines as far to
the south as northern Calabria (Fig. 3). A. pallens shows a rather similar distribution pat-
tern, but has only one station in the Apennines (Tuscan-Emilian Apennines) and a remark-
ably disjunct (by c. 1000 km) occurrence in the Pirin Planina of Bulgaria.
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Endemics of the Alps or/and Apennines

The Alps are extremely rich in Alchemillae: a total of 149 species, of which no less than
91 are endemic (Fig. 4; for further details, see the regional comparison below and Frohner
1990). 52 of the endemic species of the Alps either extend to Mediterranean Europe or are
endemic to it (e.g. the recently described endemics of the Italian Alps 4. federiciana, A.
lasenii and A. nydeggeriana; see Frohner 2005).

Only three species are endemic to the Apennines: 4. ceroniana of the Tuscan-Emilian
Apennines, A. marsica of the Abruzzo, and 4. austroitalica of Aspromonte (Fig. 5).

The total ranges of eight species are confined to the Alps and Apennines. 4. compta and
A. hoppeana occur discontinuously almost all along the Alps and have only a single known
locality in the Apennines (Abruzzo and Tuscan-Emilian Apennines, respectively). A. sub-
serica has a more continuous distribution from the Maritime Alps to the Otztaler Alpen of
W. Austria and two widely disjunct stations in the Apennines. 4. strigosula is included in
this element, though its area extends in the north from the Alps proper to the lower moun-
tains of S. Germany and it may also be present in the Massif Central and even in the
Pyrenees. In the Apennines, the species is present in Liguria and in a rather wide area from
Marche in the north to Abruzzo in the south. 4. undulata is mainly a plant of the eastern
Alps, but it has fairly numerous occurrences in the central Alps and disjunctly in the
Abruzzo, as well as a few localities in the northern parts of the soutwestern Alps (Fig. 6).
Records of the species from the central Balkans are dubious.

Alchemilla cinerea (excl. A. lanuginosa) is confined to the southwestern Alps, Tuscan-
Emilian Apennines and Abruzzo. 4. sinuata is principally a plant of the central Alps but
has very disjunct localities in the Tuscan-Emilian Apennines and far to the south in Monte
del Papa of Basilicata. According to the current view, 4. cataractarum seems to be restrict-
ed to the eastern Alps and Tuscan-Emilian Apennines.

The species treated in this section, as well as many of the mountain species of the fol-
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lowing sections, belong to the Salix serpillifolia element of Finnie & al. (2007). However,
mountain species with easterly bias seem to be best included in their Rumex alpinus ele-
ment, Dianthus moesiacus element, or Ranunculus psilostachys element.

Alps and the Balkan Peninsula

A large number of Alchemillae with their main ranges in the Alps have been recorded
from the Balkan Peninsula. However, most of the records are erroneous or at least dubi-
ous. The floristic connection between the Alps and the Balkan Peninsula, as reflected by
Alchemilla, is therefore much weaker than was previously thought.

Perhaps only six species have ranges which cover exclusively parts of the Alps and parts
of the Balkan mountains, but even the taxonomy and chorology of this small group is much
in need of further elucidation. 4. croatica is a poorly understood species with very scat-
tered localities in the Italian Alps, northwestern Croatia and central Bosnia-Herzegovina.
A. obtusa belongs to a taxonomically very intricate species group and therefore its exact
distribution is not known. It may be a plant of only the Alps and the highest mountains of
the central parts of the Balkan Peninsula. 4. /ineata has a wide range in the central and
eastern Alps and perhaps only one station in the Balkan Peninsula (Prokletije). A. racemu-
losa is known from widely scattered stations along the Alps and a single locality in Bosnia-
Herzegovina. A. venosula was earlier regarded as endemic to the eastern Alps but the plant
of the central Balkans called A. gracillima Rothm. is now considered conspecific with it.

Alchemilla exigua is principally a plant of the central and eastern Alps but has scattered
localities in the central Balkans. The species is also recorded from the Romanian
Carpathians, but the identification of this material should be checked.

Balkan Peninsula

Currently, 24 Alchemilla species endemic to the Balkan Peninsula are known (Fig. 7).
However, the actual number of endemics is evidently much higher, since Frohner (1999)
estimated that about 50 new species remain to be discovered in the area.

Alchemilla velebitica and A. amphiargyrea are restricted to the western mountains of
the Balkan Peninsula, the former species extending from southernmost Slovenia to south-
ern Pindhos of Greece, the latter from southern Bosnia-Herzegovina to Sterea Ellas of
Greece. A. malyi and A. vranicensis are endemic to the mountains of Bosnia-Herzegovina.
The range of A. lanuginosa covers mountains from southern Bosnia-Herzegovina and
Albania through southern Serbia, F.Y.R.O. Macedonia and the northernmost mountains of
Greece to southwestern Bulgaria. The distribution of 4. heterophylia is fairly similar but
reaching central Croatia in the northwest and southern Pindhos in the southeast. The
species is present on Anatolian mountains, too, and thus does not belong to the Balkan
endemics proper.

The high Prokletije mountains on the borders of Albania, Montenegro, Serbia and
F.Y.R.O. Makedonia host several local endemic species of Alchemilla: A. albanica, A. bertis-
cea, A. montenegrina Plocek [nomen illeg.], A. rubidula and A. vincekii (see Plocek 1998).

In central parts of the Balkan Peninsula, 4. bulgarica, A. catachnoa, A. heterotricha, A.
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indivisa and A. viridiflora have fairly wide distributions, but only the range of 4. bulgari-
ca appears continuous. A. indivisa extends farthest to the south, reaching northern
Peloponnisos, and all the five species attain their northern limit in the southern half of
Serbia. 4. bandericensis (Jakupica, Pirin Planina), 4. damianicensis (Sar Planina, Pirin
Planina), A. peristerica (Perister) and A. pirinica (Sar Planina and surroundings, Pirin
Planina) are much rarer endemics of the central Balkans. A. pawlowskii is restricted to the
Rila Planina, and 4. achtarowii, A. jumrukczalika and A. sirjaevii are known only from the
Stara Planina.

Alchemilla aroanica, a local endemic of the Chelmds mountains of northern
Peloponnesos, is, with A. font-queri of Sierra Nevada and A. austroitalica of Aspromonte,
the southernmost of the European endemics in the genus.

Carpathians and the Balkan Peninsula

The floristic connection between the Carpathians and the Balkan Peninsula, as reflect-
ed by Alchemilla species restricted to the two mountain chains, is roughly as weak as that
between the Alps and the Balkan Peninsula, since only seven species seem to have a
Carpathian — Balkan total range.

Alchemilla gorcensis is centred in the central Balkans and the western Carpathians
(Tatra Mts. and surroundings) and has only two known localities between the centres in the
highest mountains of the Romanian and Ukrainian Carpathians (Fig. 8). 4. obsoleta com-
pletely lacks such intermediary stations by being present only in the western Carpathians
and highest mountains of Bulgaria. A parallel disjunction is shown by 4. czywczynensis,
restricted to the high mountains of the eastern Carpathians on both sides of the Ukrainian
— Romanian border and to the Rodopi Planina of southern Bulgaria, and by 4. zapalow-
iczii, which is possibly extinct in the Tatra Mts. but certainly present in the same part of
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the eastern Carpathians as the previous species and additionally in Jakupica of F.Y.R.O.
Macedonia. 4. serbica is widespread in the central Balkans and also seems to have one
locality in the southern Carpathians. 4. asteroantha, which is still in need of taxonomic
clarification, is mainly a species of Stara Planina of Bulgaria but has also been recorded
from the same Romanian mountain area as 4. serbica.

Alchemilla mollis, which is widely cultivated for ornament and widely
naturalized in western and central Europe, also belongs to the species restricted to the
Romanian Carpathians and the Balkan Peninsula (Stara Planina and northern Greece) in
Europe. However, this species is also native to Anatolia, the Caucasus and Iran.

Crimea

The Crimean mountain flora includes a total of 20 species of Alchemilla. At least 16 of
them are Crimean endemics. 4. aemula and A. taurica are present also in Caucasia, and
A. lithophila and A. stevenii have been reported also from northern Anatolia. The Crimean
species belong to the Dianthus capitatus element of Finnie & al. (2007)

Widespread mountain species

Alchemilla colorata, A. connivens, A. fissa, A. flabellata and A. straminea belong to the
floras of all or almost all the principal mountain chains of South and Central Europe. Of
the five species, A. flabellata has the most coherent distribution, though with notable gaps
in the western Cordillera Cantabrica and western Pyrenees (Fig. 9). The range of 4. con-
nivens is of the same kind but more scattered especially in the Carpathians and the
Balkans. A. colorata is not known from the Cordillera Cantabrica and has only a few sta-
tions in the Carpathians, whereas 4. fissa is commoner in the Carpathians but absent from
the Massif Central and almost absent from the Apennines. 4. straminea has an extensive
distribution centre in the Alps, but the species is also present in all other principal moun-
tain areas, as well as in the Sierra Nevada, several sierras of the northern inland region of
Spain, Bohmerwald and Krkonose.

Alchemilla efusa and A. fallax differ notably from all the five above-mentioned species
in being totally absent from the Carpathians and from all the five except 4. fissa in being
absent also from the Massif Central. 4. crinita, A. incisa (s. lato) and A4. reniformis in turn
are absent from the Iberian mountains (incl. French Pyrenees). 4. crinita is known also
from Morvan, a northerly extension of the Massif Central, but the other two are absent
from the Massif Central too. The distribution of A. crinita probably also includes north-
eastern Anatolia, although the Anatolian populations show slight differentiation from the
European ones.

Widespread species with their southernmost localities in Mediterranean Europe

Quite a number of the Alchemilla species of the temperate lowland areas and medium
altitudes of more northern European countries reach Mediterranean Europe as occurrences
in the mountains. However, we do not know where each species originally evolved, and
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Fig. 9. Verified distribution of Alchemilla flabellata according to Kurtto et al. (2007).

therefore it is possible, and due to the Pleistocene history of Europe in many cases even
probable, that the modern distributions of these species are the result of northward migra-
tions, with or without man’s help. Therefore, the following account (and the above
accounts) must be considered merely descriptive and do not imply any particular distribu-
tional history.

The distribution of 4. xanthochlora (Fig. 10) is unique in its suboceanic and nemoral to
boreonemoral nature and in at least approaching the Ranunculus bulbosus element of
Finnie & al. (2007). In the south, the species is present in all the principal mountain ranges
and extends as far south as Somosierra of the Sistema Central in Spain, Monte Pollino of
Basilicata in Italy and Sterea Ellas in Greece. The distribution of 4. subglobosa is also the
only one of its kind. The species has a strong centre in southern Scandinavia, numerous
localities in the Baltic Countries and a smaller centre in Bohmerwald, Erzgebirge and sur-
roundings. Towards the southwest its distribution ends at disjunct localities in the Savoie
Alps in southeastern France and towards the south at a locality in the Dolomites of Italy.

Of the numerous eastern boreonemoral species, only A. cymatophylla and A. propinqua
reach Mediterranean Europe, the former with one locality in the Dolomites in Italy and one
in the mountains of Primorska in southwestern Slovenia, the latter with a very disjunct
population in the same area of the Dolomites where the former is present. Frohner (1965)
deliberated upon the history of the very similar overall distributions of the two species.

The seven most widespread species of the genus in Europe — 4. monticola, A. micans,
A. subcrenata, A. acutiloba, A. glabra, A. filicaulis and A. glaucescens — are also members
of the mountain flora of Mediterranean Europe. A. filicaulis and A. glabra have a promi-
nently oceanic type of distribution in northwestern Europe, and at least the first-mentioned
species belongs to the amphiatlantic element (4. glabra is better tending to elevated areas
in Northern Europe and is probably introduced in northeastern North America). Both
species extend as far south as Sierra Nevada and the central Apennines. A. filicaulis is
almost absent from the Balkan Peninsula, but A. glabra has numerous localities there, the
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Fig. 10. Verified native distribution of Alchemilla xanthochlora according to Kurtto et al. (2007).

southernmost in Sterea Ellas. The other five species of the top seven have more continen-
tal distributions and clearly belong to the Eurosiberian element or, on the scheme of Finnie
& al. (2007), best fit the Lychnis flos-cuculi element. The southern limits of these species
vary somewhat, as follows: 4. acutiloba has a very disjunct occurrence in the central
Pyrenees but otherwise the southern limit runs from southernmost fringes of the Alps to
Sterea Ellas; 4. glaucescens, a more xerophilous and thermophilous species, reaches the
Cordillera Cantabrica and Pyrenees in the west, Monte Pollino of Basilicata in the
Apennines and the northernmost mountains of Greece in the east; 4. micans stops on the
Alps in the west, but extends to Sterea Ellas in the east; A. monticola reaches the Pyrenees
(only one verified locality), the Apennines and the northern mountains of Greece; A. sub-
crenata extends to the Massif Central, central Apennines and Rodopi Planina.

A. plicata is endemic to the nemoral — southern boreal zones of Europe. It reaches
Mediterranean Europe as only one rather disjunct station in the southwestern Alps in the
Italian province of Cuneo.

The amphiatlantic 4. glomerulans is widespread in the boreonemoral to arctic zones of
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northwestern Europe. It is also present in many of the principal mountains of central and
southern Europe, including the Cordillera Cantabrica, Pyrenees, French, Italian and
Slovenian Alps, and highest peaks of the Balkan group of mountains from Prokletije in the
north to Jakupica in the south. 4. alpina is also an amphiatlantic plant but of the arctic-
alpine type and belongs to the Oxyria digyna element of Finnie & al. (2007). In southern
Europe, the distribution of 4. alpina covers mountains from the Cordillera Cantabrica and
Sistema Central of Spain in the west to western Austria and highest parts of the Apennines
in the east. The species is also one of four found in the mountains of Corse.

3. Regional comparisons

Out of the total of 430 native European species of Alchemilla, 374 (87%) are endemic
to Europe (Table 1). The mountains of southern and central Europe host a total of 346
species, of which the proportion of endemics is as high as 92%. The Alps are richest in
species, then come the Carpathians, especially the western Carpathians, and the Cordillera
Cantabrica — Pyrenees -range. The Alchemilla floras of the Pyrenees and mountains of the
Balkan Peninsula have a quite similar amount of endemism. The Alchemilla floras of the
Apennines and Massif Central are much poorer and less distinctive. The isolated and dis-
tinct mountain areas of Crimea have the most differentiated Alchemilla flora with 20
species, of which at least 80% are endemic. — The species richness for Alchemilla on the
mountains of southern and central Europe closely parallels the taxon richness for 501 pre-
dominantly alpine species and subspecies mapped in the first 11 volumes of AFE (see Vire
& al. 2003).

Pair-wise similarities between the mountain ranges and their divisions (Table 2), based
on all the native species of the genus, also show the relatively poor differentiation of the
Alchemilla floras of the Apennines and the Massif Central and imply that the latter moun-
tain area may have functioned as a ‘stepping stone’ in the immigration of species between
the Alps and the Iberian mountains. The very low similarities between the Carpathians and
the other ranges, as well as the fairly low similarities between the western Carpathians and
the two other divisions of the Carpathians, are mainly due to the large number of endemics
of the western Carpathians (mainly the Tatra Mts.). The high similarities between the divi-
sions of the Pyrenees, as well as between the divisions of the Alps and between the east-
ern and southern Carpathians, indicate that the divisions as defined in Flora Europaea are
better regarded as practical or descriptive rather than as phytogeographically justified
regions. Comparisons based on smaller divisions combined with more accurate chorolog-
ical data would certainly yield more meaningful results, especially for the Alps. — Using
501 alpine taxa mapped in AFE, Vire & al. (2003) calculated a Jaccard’s similarity index
value of 25 between the Pyrenees and Alps. By using the Alchemilla species, the value is
lower (16), which indicates that their ranges are, on average, smaller. This is also evident
by visual inspection of the maps of Vare & al. (2003) summarizing the pooled distributions
of alpine plants present on each of the principal mountain ranges of Europe. The predom-
inantly small ranges of Alchemillae are apparently largely due to the apomictic nature of
the genus.

Another way to compare species numbers and similarities of Alchemilla floras is to use
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Table 1. Total number of species and number of endemics of Alchemilla in
various areas of Europe.

ALLN ENDEMICN ENDEMIC %

AREA
EUROPE 430
S. & C. EUROPEAN MOUNTAINS 346
Cordillera Cantabrica & Pyrenees 79
Cordillera Cantabrica 39
Pyrenees 67
Western Pyrenees 43
Central Pyrenees 50
Eastern Pyrenees 45
Massif Central of France 26
Alps 149
Southwestern Alps 81
Central Alps 106
Eastern Alps 87
Apennines 37
Balkan Peninsula 60
Carpathians 113
Western Carpathians 100
Eastern Carpathians 37
Southern Carpathians 24
Crimea 20

374
319
46
11
27
7
3
4
2
91
1
27
23
3
24
80
67

87
92
58
28
40
16
6
9
8
61
14
26
26
8
40
71
67
8
0
80

Table 2. Jaccard's similarity index values (as %) between mountain ranges and divisions
of mountain ranges. Values exceeding 30 are given in bold.
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countries as the geographical units. In the country-specific species numbers of Alchemilla,
Mediterranean Europe is well represented in the richest end, with France as the winner and
also Italy and Spain in the top 10 (Table 3; Kurtto & al. 2007). Regarding the numbers of
country-specific endemics, Spain, France and Italy are among the eight richest countries.
The similarity indices between countries (Table 4) are, on average, higher than those
between mountain ranges, which simply reflects the facts that borders between countries
often follow crests of mountain ranges and that plants do not need passports to cross the
borders.

The European Alchemilla flora includes a great number of local or regional endemics
(e.g. Frohner 2002). No less than 185 species are restricted to only one or two AFE grid
cells with an average size of 50 km x 50 km, and 290 species are restricted to at most 10
such grid cells. The distribution of the latter species group (Fig. 11) neatly reveals the main
European centres of endemism of the genus: the Cordillera Cantabrica — Pyrenees -range,
Alps (especially Unterwallis of Switzerland and Savoie of France), Jura, Tatra Mts., cen-
tral parts of the eastern Carpathians, and Crimea. Regarding southern Europe, weaker cen-
tres appear especially in the Apennines and Balkan mountains. In comparison to the taxa
with a narrow distribution area in the data set of 501 alpine taxa not including Alchemilla
(Vére & al. 2003), the rarest European Alchemilla endemics are weakly represented in the
Sierra Nevada, the southern Carpathians and some parts of the Balkan Peninsula, as well
as on the Mediterranean islands, on which the genus is present only on Corsica. In the set
of 501 taxa, about 10% of the species and subspecies occurred in a single AFE cell. In
Alchemilla, the proportion is much higher, almost 35%.

Finally, it has to be emphasized that all the above comparisons suffer from the still
uneven exploration of the Alchemilla floras of various mountain areas. Numerous more or

Table 3. Number of Alchemilla species in AFE territories of Mediterranean Europe, with the species
numbers and proportions of chorological groups specified. NE = not endemic to Europe, EE =
endemic to Europe, TE = endemic to the territory. The genus is absent from Balearic Islands, Crete,
Malta, Portugal, Sardinia, Sicily and Turkey-in-Europe.

Total NE EE TE

N N % N % N %
France 121 14 12 107 88 13 11
Italy 92 12 13 80 87 10 11
Spain 81 6 7 75 93 29 32
Serbia and Motenegro 36 10 28 26 72 4 11
Bulgaria 34 10 29 24 71 2 6
F.Y.R.O.M. 34 11 32 23 68 0 0
Greece 26 8 31 18 69 1 4
Slovenia 26 9 35 17 65 0 0
Crimea 20 4 20 16 80 16 80
Bosnia and Herzegovina 19 5 26 14 74 2 11
Albania 13 3 23 10 77 1 8
Croatia 9 5 56 4 4 0 0
Corsica 2 50 2 50 0 0
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Table 4. Jaccard's similarity index values (as %) between countries. Values equaling or larger

than 30 are given in bold face

Kurtto & al.: Alchemilla in Mediterranean Europe as revealed by Atlas ...

Ga He It Au SI Ct BH SM Al Mk Bu Gr
Spain = Hs 35 15 18 16 10 4 8 11 6 11 8 8
France = Ga 52 43 33 17 6 8 15 5 14 13 11
Switzerland = He 56 46 22 7 10 18 6 17 14 12
Italy = It 53 28 8 12 20 7 19 17 14
Austria=Au 32 8 14 23 9 22 18 15
Slovenia =S| 27 26 40 24 35 25 30
Croatia = Ct 30 23 26 21 20 22
Bosnia-Herzegovina = BH 35 42 39 26 32
Serbia-Montenegro = SM 33 67 49 52
Albania = Al 35 21 26
F.Y.R.O. Macedonia = Mk 50 57
Bulgaria = Bu 43
Fig. 11.
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Fig. 11. Number of European narrow endemics of Alchemilla in southern and central Europe. The
map includes species recorded from at most 10 AFE grid cells (N=290).

less local or regional endemics and also more widespread species of the genus still wait to
be discovered or described from, at least, the Iberian and Balkan mountains (Fréhner 1999)
and the Apennines (see Tondi 2001), not to mention the Urals (which are outside the scope
of this article).
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Impact of anthropogenic activities on riverine and coastal habitats in
the Salso river at the town of Licata (S Sicily)

Abstract

Bonanno, G.: Impact of anthropogenic activities on riverine and coastal habitats in the Salso
river at the town of Licata (S Sicily). — Bocconea 23: 237-251. 2009. — ISSN 1120-4060.

This study shows the results concerning a survey conducted along the urban stretch of the Salso
river, at the town of Licata, in the southern coast of Sicily. In the last years, this area was sub-
ject to increasing human alterations whose effects on riverine and coastal habitats were point-
ed out. One of the most important anthropogenic factors of disturbance was the unsuitable con-
struction of civil engineering works which caused the reduction or disappearance of riverine
vegetation elements. The current natural vegetation is mainly represented by specialized phy-
tocoenoses such as the psammophilous communities of Cakiletea maritimae and
Ammophiletea, the halophilous communities of Saginetea maritimae, Sarcocornietea fruticosae
and Pegano-Salsoletea as well as the helophytic associations of Phragmito-Magnocaricetea.
Hygrophilous associations of Galio-Urticetea and Nerio-Tamaricetea were also found.
Management suggestions aiming at the habitat safeguard are provided too.

Introduction

Over the last thirty years, river and coastal environments have been altered by anthro-
pogenic activities such as urbanization, growth of tourist settlements, intensive agriculture,
wastewater discharges, industrial facilities, etc. All these factors contribute to the deterio-
ration and fragmentation of such environments and this may result in the destruction of
typical natural phytocoenoses. Therefore, it has become urgently necessary not to consid-
er any more river and coastal environments as places where to discharge household and
industrial waste into but as entities to defend, safeguard and manage. In Italy, in the last
decades, the widespread concern for the safeguard and the restoration of areas at environ-
mental risk has prompted quite a number of authors (e. g. Brullo & Furnari 1976;
Raimondo & Rossitto 1978; Bartolo & al. 1982; Géhu & al. 1984; Brullo & al. 1988;
Brullo & Spampinato 1990; Raimondo & al. 1990; Biondi 1992; Arrigoni 1996; Brullo &
al. 1998; Biondi 1999; Garbari 2000; Biondi & al. 2001; Brullo & al., 2001; Ilardi & al.
2001; Tomei & al. 2005; Sani & Tomei 2006) and private institutions (WWE,
Legambiente, AIPIN) to study the manifold and complex aspects regarding river and
coastal ecosystems. This survey is to be placed within research programmes about ripari-
an and coastal environment protection. In this study, the anthropogenic degradation factors
and their effects on the phytocoenoses of the strech of the Salso, at the town of Licata (Fig.
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1), are considered. Effective actions are proposed aiming at the perspective of sustainable
development and habitat restoration.

Physiographical, geomorfological and climatic characteristics of the territory

The Salso river is named like that because of the high salty concentration in its waters.
This is due to the fact that the river goes through a huge zone belonging to the so called
“gessoso-solfifera formation”, a geological formation rich in gypsum and halite, dating
back to the Messinian (Upper Miocene). The Salso, whose sources are located on the
Madonie Mountains between the towns of Petralia Sottana and Petralia Soprana, flows
through the heart of Sicily and empties into the Strait of Sicily (southern Sicily), at the
town of Licata. The Salso is 144 km long and this makes the river the longest one among
the Sicilian rivers. From a cartographic point of view, the studied area is included in the
map E 642080, 1:10000, edited by the Sicilian authorities, and also in the map 271 II NE,
1:25000, realized by the Italian Military Geographic Institute.

0 125 250 500 750 1.000
Meters

Fig. 1. The study area.
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As regards the geology, the study area is characterized by sandy and slime-clay sub-
strata awash going back to the marine and continental Quaternary. The marine Quaternary,
largely made up of yellow sands, may reach remarkably deep layers. Above the marine
Quaternary, there is the continental Quaternary which is constituted of drifts whose thick-
ness is variable.

The climatic characterization has been realized by prosessing data from the Licata
weather station (142 m a.s.l.) (Brullo & al. 1996). The average yearly temperature is 18 °C;
the thermal regime presents the lowest winter value in January whereas the highest sum-
mer one in August (absolute minimum temperature: -1,6 °C; minimum average tempera-
ture in the coldest month: 7,5 °C; absolute maximum temperature: 39,4 °C; maximum
average temperature in the hottest month: 28,4°C). The annual rainfall is 430 mm. Lastly,
on the basis of the bioclimatic indices proposed by Rivas-Martinez (1995), the area around
Licata belongs to the upper thermomediterranean belt with inferior dry ombrotype.

Anthropogenic factors

The main disturbance factors which affect river and coastal habitats of the surveyed area are:

- incompatible constructions with the place; in particular, the inappropriate presence of a
bridge with many piers in the river-bed must be reported. In fact, such a bridge, built
just on the most external part of the mouth, apart from the devastating environmental
impact, puts at risk the whole existence of the nearby coastal and riparian habitats.
Indeed, hydraulics teaches that the presence of an obstacle in the river-bed alters the
normal river flow and creates whirlpools that accelerate the bank erosion which is one
of the main causes for the riparian phytocoenosis disappearance;

- trampling and passing of vehicles; the excessive disturbance brings about the mechani-
cal removal of sand resulting in the crisis of the dune system. Therefore, motor vehicles
are a remarkable obstacle to the natural dynamics aiming at consolidating sandy coasts;

- household and industrial waste discharges; the presence of nitrates fosters those species
linked to the anthropogenic activities; as a result, native riparian and coastal flora is seri-
ously put in jeopardy in many stretches;

- introduction of exotic species; the new biological relationships among exotic and native
species can reduce or, at worst, cause the disappareance of the latter; some of the detect-
ed exotic species are: Ailanthus altissima (Mill.) Swingle (Eastern Asia), Carpobrotus
acinaciformis (L.) L. Bolus (South Africa), Cuscuta campestris Yunck (North America),
Conyza bonariensis (L.) Crong. (Centro-Southern America), Conyza canadensis (L.)
Crong. (North America), Eucalyptus camaldulensis Dehnh. (Australia), Mirabilis jala-
pa L. (South America), Nicotiana glauca L. (South America), Oxalis pes-caprae L.
(South Africa), Robinia pseudoacacia L. (North America);

- herbicide and pesticide run-off coming from farming and nearby greenhouses; chem-
icals used in agriculture are rich in sulphur and phosphorous which may bring about
eutrophication;

- artificialization of some stretches of embankment through reinforced concrete; not only
is the aesthetical impact rather remarkable but also the whole biodiversity is irreparably
compromised;
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On the whole, morphological changes regarding river and coast, due to both anthro-
pogenic and natural causes, determine the alteration or the disappearance of typical bio-
cenoses growing along riparian and coastal habitats.

Floristic remarks

The surveyed area represents an enclave with a remarkable naturalistic peculiarity and
it is also part of an environment which is heavily influenced by human actions. From a
floristic point of view, typical plants of coastal and river habitats were detected. It deals
with psammophytes, halophytes, helophytes, hygrophytes, some of them rare in the
Sicilian flora such as:

Chenopodium botryoides Sm.; Sub-cosmopolitan species growing in salty environ-
ments, widespread along the coasts of the following Italian regions: Veneto, Friuli, Lazio,
Campania; recently, this species was found in a nearby wetland called “Biviere di Gela”
(Brullo & Sciandrello 2006);

Rumex palustris Sm.; Eurasian species, also widespread in north-western Africa;
favourite habitats are marshy places where water can stagnate for a long time during the
winter and the spring; in Italy, such a species is widespread in a discontinuous way; indeed,
it can be found along the coasts of Veneto and Emilia Romagna (Northern Adriatic),
Gargano (Puglia, Southern Adriatic), Trasimeno and Fucino Lakes (central Italy); its pres-
ence is thought to be doubtful in the last check-list of the Italian vascular flora (Conti &
al. 2005).

Species growing in sandy and brackish environments, less widespread in Sicily, were also
found like Juncus subulatus Forssk., Juncus maritimus Lam., Imperata cylindrica (L.) P.
Beauv., Launea resedifolia (L.) Kuntze, Ononis mitissima L. and Malcolmia nana (DC.) Boiss.

Vegetation

The analysis of vegetation was conducted through the classic method of the Zurich-
Montpellier Sigmatista School. The cover of the taxa was estimated according to the fol-
lowing scale + < 1%; 1 = 1+10%; 2 = 10.1+25%; 3 = 25.1+50%; 4 = 50.1+75%; 5 =
75.1+100%. Because of the considerable degradation, in a few stretches, different vegeta-
tion typologies superimpose each other and mix with anthropogenic communities. The
syntaxonomical nomenclature mainly follows Brullo & al. (2002). As regards the nomen-
clature of species, the reference is Conti & al. (2005) and Giardina & al. (2007). Below,
some examples of natural phytocoenosis of the area under examination are mentioned.
This area regards the banks of the river in its urban stretch (3 km) and a short stretch of
shore (about 100 m) (Fig. 1).

Annual psammophylous vegetation of sea drifts

Salsolo-Cakiletum maritimae Costa & Mansanet 1981 corr. Rivas-Martinez et al. 1992
(Table 1)

Nitrophilous pioneer association, dominated by Salsola kali and Cakile maritima, settling
on organic drifts along the beach and forming a narrow belt close to the shoreline. It can
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Table 1. Salsolo - Cakiletum maritimae Costa & Mansanet 1981 corr . Rivas-Martinez & al. 1992 .

Rel. n. 1 2 3
Altitude (m) 1 1 -
Exposure - - -
Slope (%) - - R
Area (mq) 20 5 25
Coverage (%) 80 30 30

Charact. and diff. species of the ass.
Paleotemp. Tscap  Salsolakali L. 2 1 1
Medit.-Atl. Tscap  Cakile maritima Scop. subsp. maritima 3 2 2

Charact. and diff. species of the upper units ( Cakilion maritimae ,
Cakiletalia integrifoliae , Cakiletea maritimae )

Subcosmop. Hrept  Polygonum maritimum L. + + .
Euri-Medit. ~ Trept  Chamaesyce peplis (L.) Prokh. 1 . +
Circumbor. Tscap  Atriplex prostrata Bouchez ex DC. . . +
Euri-Medit. ~ Tscap  Beta vulgaris L. subsp. maritima (L.) Arcang. 2 +

Other species

Steno-Medit. T scap  Matthiola tricuspidata (L.) R. Br. +

Cosmopol Tscap  Suaeda spicata Moq. . . +
Paleotemp. Tscap  SalsolasodaL. . . +
Subcosmop.  Grhiz ~ Phragmites australis (Cav.) Trin. ex Steud. . +

be found together with perennial dune communities (4dmmophiletea) or, in those stretches
where the erosion has completely removed the coastal dunes, with communities of brac-
kish depressions (Sarcocornietea).

Perennial psammophylous vegetation of coastal dunes

Cypero capitati-Agropyretum juncei Kithnholtz-Lordat (1923) Br.-Bl. 1933 (Table 2)
Sub-nitrophilous pioneer association, distinguished by Elytrigia farcta, Cyperus capitatus,
plants with long stolons which are able to hold the sand subject to the wind action, and
Otanthus maritimus. Because of the degradation, the vegetation belt of Ammophila are-
naria ssp. australis, typical of the shifting dunes, usually living among Cypero capitati-
Agropyretum juncei and retrodune communities, is absent.

Spring ephemeral vegetation of salty environments

Parapholido-Frankenietum pulverulentae Rivas-Martinez ex Castroviejo & Porta 1976
(Table 3)

Sub-nitrophilous and halophilous association, physiognomically dominated by Parapholis
incurva, Frankenia pulverulenta, and Plantago coronopus, growing on modest clay-sandy
depressions near the coast and on retrodune and retrobank areas along those stretches of
river being subject to flooding in the winter and in the spring.

It deals with late-spring ephemeral meadows living in zones highly influenced by various
kinds of anthropogenic pressure.



242 Bonanno: Impact of anthropogenic activities on riverine and coastal habitats ...

Table 2. Cypero capitati-Agropyretum juncei Kiihnholtz-Lordat (1923) Br.-Bl. 1933,

Rel. n. 1 2 3
Altitude (m) 4 4 3
Exposure - - -
Slope (%) - - -
Area (mq) 25 25 10
Coverage (%) 40 40 80
Charact. and diff. species of the ass.

Euri-Medit. Grhiz  Elytrigia farcta (Viv.) Holub 2 2 3

Medit.-Atl. Ch suffr Otanthus maritimus (L.) Hoffmanns. & Link subsp. maritimus + + 1

Steno-Medit. G rhiz Cyperus capitatus Vand. + . +

Charact. and diff. species of the upper units (Agropyrenion farcti ,
Ammophiletalia, Ammophiletea )

Euri-Medit. Chrept Medicago marina L. 1 1 1
Steno-Medit. Ch suffr Lotus creticus L. 1 1
Subtrop. G rhiz Sporobolus arenarius Duval-Jouve + +
Steno-Medit. Gbulb  Pancratium maritimum L. . + 1
Cosmop.-litorale G rhiz Calystegia soldanella (L.) Roem. & Schult. 1 .
Euri-Medit. G rhiz Ammophila australis Mabille +
Saharo-Sind Ch frut  Launaea resedifolia (L.) Kuntze +
Other species

Euri-Medit. Tscap  Beta vulgaris L. subsp. maritima (L.) Arcang. . + +

Hrept  Cynodon dactylon (L.) Pers. 1 +
Medit.-Atl. Tscap  Cakile maritima Scop. subsp. maritima 1 +
Euri-Medit. Hscap  Glaucium flavum Crantz + +
Steno-Medit T scap  Ononis variegata L. . . +
Paleotemp. Tscap  Salsolakali L. + 1

Perennial shrubby vegetation of brackish swamps

Junco subulati-Sarcocornietum fruticosae Brullo 1988 (Table 4)

Halophilous and sub-nitrophilous vegetation, with Sarcocornia fruticosa and Juncus sub-
ulatus as dominant species, colonizing both silty-clay soils of the flood plain, far-off from
the river banks, and retrodune swamps which are subject to prolonged floodings. The occu-
pied space is rather reduced and, because of numerous human actions, the community is
likely to disappear.

Hygrophilous vegetation of helophytes and hemicryptophytes

Calystegio silvaticae-Arundinetum donacis Brullo, Scelsi & Spampinato 2001 (Table 5)
Sub-hygrophilous and sub-nitrophilous community living on a rearer zone than
Phragmitetum communis and growing on wet soils, rather rich in nitrates, subject to
periodic dessication. The physiognomy is characterized by Arundo donax and
Calystegia sylvatica.

Helophyte marsh vegetation of stagnant or weakly flowing waters

Phragmitetum communis (Koch 1926) Schmale 1939 (Table 6)

Monophytic community, widespread along river and canal banks. It lives in slow, eutrophic and
relatively brackish waters. Favourite soils are silty-sandy and short drying periods are possible.
Scirpo lacustris-Phragmitetum australis Koch 1926 (Table 7)
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Table 3. Parapholido-Frankenietum pulverulentae Rivas-Martinez ex Castroviejo & Porta 1976 .

Rel. n. 3 4
Altitude (m) 4 4
Exposure - -
Slope (%) - -
Area (mq) 1 1
Coverage (%) 60 70

Charact. and diff. species of the ass.
Medit.-Atl. T scap Parapholis incurva (L.) C.E. Hubb. 2 2
Euri-Medit. T scap Plantago coronopus L. subsp. coronopus 1 2

Charact. and diff. species of the upper units
(Frankenion pulverulentae , Frankenietalia
pulverulentae, Saginetea maritimae )

Stenom.-Centroas.-Sudaft. T scap Frankenia pulverulenta L. subsp. pulverulenta 2 2
Subcosmop. T scap Spergularia salina J. & C. Presl . 1
Paleosubtrop. T scap Polypogon monspeliensis (L.) Desf. + 1
Subcosmop. Ch suffr Spergularia media (L.) C. Presl . +
Steno-Medit.-Macar. T scap Polypogon maritimus Willd. +
Other species

S-Medit.-Sudaft. Tscap  Mesembryanthemum nodiflorum L. . +
Euri-Medit. T scap Beta vulgaris L. subsp. maritima (L.) Arcang. 1 .
Subcosmop. T rept Anagallis arvensis L. + +
Subcosm. T scap Sonchus oleraceus L. +

S-Medit. T scap Melilotus siculus (Turra) Steud. 1 .
Circumbor. T scap  Atriplex prostrata Bouchex ex DC. 1 +
Paleosubtrop. T scap Phalaris minor Retz 1

This association, dominated by Schoenoplectus lacustris and Phragmites australis, repla-
ces Phragmitetum communis along marshy depressions and river banks characterized by
deep and less eutrophic waters. In those stretches where embankments are made with rein-
forced concrete or are subject to erosion, this phytocoenosis, like the previous one, has
disappeared.

Halo-nitrophilous shrubby vegetation with dominance of succulents

Atriplici halimi-Artemisietum arborescentis Biondi 1986 (Table 8)

Sub-halophilous and sub-nitrophilous association growing on clay-silty soils of the exter-
nal and less flooded part of the flood plain. Such a community occupies those zones of the
central urban stretch of the river. The dominant species are Artemisia arborescens and
Atriplex halimus.

Chamaephyte and phanerophyte hygrophilous vegetation

Tamaricetum gallicae Br.-Bl. & O. Bolos 1958 (Table 9)

This association settles on alluvial soils rich in silt and clay, along the upper and central
stretch of the study area. It develops as scrub on the highest part of the flood plain, often
completely dried. Tamarix africana and Tamarix gallica mark out this community.
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Table 4. Junco subulati-Sarcocornietum fruticosae Brullo in Brullo & al. 1988 ,
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Rel. n. 1 2 3 4
Altitude (m) 3 3 3 4
Exposure - - -
Slope (%) - - - -
Area (mq) 9 9 9 15
Coverage (%) 50 90 50 40
Charact. and diff. species of the ass.
S-Medit. Grhiz  Juncus subulatus Forssk. 1 + 1 1
Charact. and diff. species of the upper units (Sarcocornion
fruticosae , Sarcocornietalia fruticosae, Sarcocornietea
fruticosae)
Euri-Medit. e Sudaftr. Chsucc  Sarcocornia fruticosa (L.) A.J. Scott 3 5 3 1
Circumbor. Ch frut  Halimione portulacoides (L.) Aellen + + 1
Medit. Macar. e Mes. Chsucc  Arthrocnemum macrostachyum (Moric.) Moris . 2
Euri-Medit. Hcaesp Elytrigia scirpea (K. Presl) Holub. +
Other species
Subcosmop. Grhiz  Phragmites australis (Cav.) Trin. ex Steud. + + +
Subcosmop. Tscap  Spergularia salina J. & C. Presl . 1 1
Cosmopol. NP Suaeda vera J.F. Gmel. 1 +
S-Medit. Tscap  Melilotus siculus (Turra) Steud. . +
Medit.-Atl. Tscap  Parapholis incurva (L.) C.E. Hubb. + .
Paleosubtrop. Tscap  Polypogon monspeliensis (L.) Desf. + .
Cosmop. Tscap  Suaeda spicata Moq. +
Neotropic. Tscap  Symphyotrichum squamatum (Spreng.) G. L. Nesom . +
Eurasiat. Hbienn Tripolium pannonicum (Jacq.) Dobrocz. +
Table 5. Calystegio silvaticae-Arundinetum donacis Brullo, Scelsi & Spampinato 2001.
Rel. n. 2 2
Altitude (m) 4 4
Exposure E -
Slope (%) 3 -
Area (mq) 2 2
Coverage (%) 100 100
Charact. and diff. species of the ass.
SE-Europ. H scand Calystegia sylvatica (Kit) Griseb. 2 1
Charact. and diff. species of the upper units (Senecionion
Sfluviatilis, Convolvuletalia sepium, Galio-Urticetea )
Subcosmop. Grhiz  Arundo donax L. 5 5
Eurasiat. Tscap  Galium aparine L. 1 +
Other species
Neotropic. Tscap  Symphyotrichum squamatum (Spreng.) G. L. Nesom + +
Subcosmop. Grhiz  Phragmites australis (Cav.) Trin. ex Steud. + 1
Euri-Medit. Hscap  Dittrichia viscosa (L.) Greuter + +
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Table 6. Phragmitetum australis (Koch 1926) Schmale 1939 .

Rel. n. 1 2 3
Altitude (m) 1 0,5 1 1
Exposure - - - -
Slope (%) - - - -
Area (mq) 100 100 100 100
Coverage (%) 100 100 100 100

Charact. and diff. species of the ass. and the upper
units (Phragmition, Phragmitetalia, Phragmito-
Magnocaricetea )

Subcosmop.  Grhiz ~ Phragmites australis (Cav.) Trin. ex Steud. 5 5 5 5

Table 7. Scirpo lacustris-Phragmitetum australis Koch 1926 .

Rel. n. 1 2 3
Altitude (m) 4 4 3
Exposure - - -
Slope (%) - - -
Area (mq) 20 20 10
Coverage (%) 90 70 80

Charact. and diff. species of the ass.
Subcosmop. Grhiz  Schoenoplectus lacustris (L.) Palla 1 1 +

Charact. and diff. species of the upper units (Phragmition,
Phragmitetalia, Phragmito-Magnocaricetea)

Subcosmop. Grhiz  Phragmites australis (Cav.) Trin. ex Steud. 4 3 4
Cosmop. Grhiz  Bolboschoenus maritimus (L.) Palla +
Other species

S-Europ. Tscap  Xanthium orientale L. subsp. italicum (Moretti) Greuter + + +
Subcosmop. Grhiz  Arundo donax L. 1 . +
Euri-Medit. H caesp Juncus acutus L. subsp. acutus 1 1 .
Circumbor. Ch frut  Halimione portulacoides (L.) Aellen . . +
S-Medit. Tscap  Melilotus siculus (Turra) Steud. + . .
Steno-Medit.-Macar. T scap  Polypogon maritimus Willd. . . +

Willow scrub riparian vegetation

Salicetum albo-purpureae (I. & V. Karpati 1961) Barbagallo, Brullo & Fagotto 1979
(Table 10)

A remnant of Salicetum albo-purpureae colonizes the upper stretch of the river, at the sub-
urbs of Licata, on alluvial and silty-clay soils. This community has been seriously affect-
ed by human activities such as farming and construction of river engineering works.
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Table 8. Atriplici halimi-Artemisietum arborescentis Biondi 1986,

Rel. n. 1 2
Altitude (m) 4 4
Exposure -

Slope (%) - -
Area (mq) 20 10
Coverage (%) 70 70

Charact. and diff. species of the ass.
S-Medit. NP caesp Artemisia arborescens (Vaill.) L. 2 3

Charact. and diff. species of the upper units (Artemision

arborescentis , Salsolo-Peganetalia, Pegano-Salsoletea )
Sudaft.-Atl.-Steno-Medit. P caesp Atriplex halimus L. 3 2
Cosmop. NP Suaeda vera J.F. Gmel. 1

Other species

Euri-Medit. H scap Dittrichia viscosa (L.) Greuter + +
Circumbor. Ch frut Halimione portulacoides (L.) Aellen 2
Subcosmop. G rhiz Phragmites australis (Cav.) Trin. ex Steud. +
Euri-Medit. NP Rubus ulmifolius Schott . +
Neotropic. T scap Symphyotrichum squamatum (Spreng.) G. L. Nesom +
Subcosmop. T scap Daucus carota L. + .
S-Medit. - Macarones T scap Medicago intertexta (L.) Mill. . +
Australia P scap Eucalyptus camaldulensis Dehnh. +
Eurasiat. T scap Galium aparine L. 1
Subcosmop. G rhiz Arundo donax L. 1
Conclusions

This survey about the influence of anthropogenic factors along the final stretch of the
Salso river, at the town of Licata, enabled to analyze the current status of riparian and
coastal vegetation.

In 1937, Frei and later, in 1974, Sortino & Marceno detected the presence of Centaureo-
Ononidietum ramosissimae Br.-Bl. & Frei in Frei 1937 association which colonized retro-
dune sites characterized by consolidated sands along the shore of Licata together with
Crucianella maritima facies. This community was not found anymore and consequently
it could be considered extinct in this area.

The results highlighted that the psammophylous succession suffered various alterations
owing to anthropogenic factors which jeopardized the dune system typologies. Moreover,
both the phytocoenosis of the brackish swamps and the hygrophilous communities showed
symptoms of degradation. Therefore, in the study area, the only possible vegetation seems
to be the pioneer one with low probabilities for further development. Despite the massive
anthropogenic influence, some communities belonging to sensitive environments, such as
dune habitats, brackish marshes and wetlands can be still found. In table 11, critically
endangered habitat codes according to CORINE European classification (1991), EUNIS
(APAT, 2004) and Natura 2000 (Dir. 92/43/CEE) are shown.
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Table 9. Tamaricetum gallicae Br.-Bl. & O. Bolos.
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Rel. n. 1 2 3 4
Altitude (m) 5 5 5 5
Exposure SE SE SW -
Slope (%) 0 5 5 -
Area (mq) 20 20 20 50
Coverage (%) 60 60 90 90
Charact. and diff. species of the ass. and upper units
(Tamaricion africanae, Tamaricetalia, Nerio-Tamaricetea )
W-Medit. P scap Tamarix africana Poiret 3 3 4 4
W-Medit. P scap Tamarix gallica L. 1 1 1
Other species
Euri-Medit. H scap Dittrichia viscosa (L.) Greuter + . +
Subcosmop. G rhiz Phragmites australis (Cav.) Trin. ex Steud. 1 + . +
Euri-Medit. NP Rubus ulmifolius Schott 1 . + 1
Eurasiat. T scap Galium aparine L. + 1 1 .
Subcosmop. G rhiz Arundo donax L. 1 1 1 2
S-Medit. NP caesp Artemisia arborescens (Vaill.) L. + 4 .
Sudamer. NP Nicotiana glauca Graham . + 1
Subcosmop. T scap Sonchus oleraceus L. + 4 .
America tropic. T scap Erigeron bonariensis Hort. ex Link . +
Subcosmop.temper. T scap Chenopodium botryoides Sm. +
Subcosmop. T scap Chenopodium album L. + .
Subcosmop. G rhiz Juncus maritimus Lam. . +
Cosmop. T scap Chenopodium ambrosioides L. +
Subcosmop. T scap Sonchus asper (L.) Hill + .
Neotropic. T scap Symphyotrichum squamatum (Spreng.) G. L. Nesom +
Subcosmop. T scap Daucus carota L. subsp. maritimus (Lam.) Batt. . +
Australia P scap Eucalyptus camaldulensis Dehnh. +

The precarious balances regarding such habitats prompt to take realistic and rapid
actions. Restoring these habitats means adopting suitable management strategies as to meet
the needs of the society without modifying the stability of the ecosystems.

Management choices have to take into account mainly bank and coast defence, moni-
toring of water chemical-physical characteristics, regulation of anthropogenic activities
and safeguard of wetlands. All this must be planned with the perspective of restoring the
ecological complexity of the habitats where engineering and ecology must be combined

(eco-engineering).

Concrete actions of intervention should include:

- a new approach that combines sustainable management and conservation of species

with their habitats;
- consolidation of the river bank and shoreline with natural material to prevent
excessive erosion;
- implementation of hydrological and habitat restoration works;
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Table 10. Salicetum albo-purpureae (1. & Karpati 1961) Barbagallo, Brullo & Fagotto 1979,

Rel. n.
Altitude (m)
Exposure
Slope (%)
Area (mq)
Coverage (%)

BBEusgo—

Charact. and diff. species of the upper units (Salicion albae,
Salicetalia purpureae, Salicetea purpureae )
Euras.temp Pscap Salix purpurea L. subsp. lambertiana (Sm.) Macreight
Paleotemp. Pscap Salix alba L.

Other species
Medit.-Turan. P scap Ficus carica L.
W-Medit. Pscap Tamarix africana Poiret
Euri-Medit. Hscap Dittrichia viscosa (L.) Greuter
S-Europ. T scap Xanthium orientale L. subsp. italicum (Moretti) Greuter
SE-Europ. H scand Calystegia sylvatica (Kit) Griseb.

+ o+ ==+

- training courses and seminars of environmental education;

- involvement of the local community in safeguard projects;

- development and implementation of a visitor guidance concept aimed at reducing dis-
turbance, while at the same time offering optimal conditions for discovering wildlife;

- making the area an eco-tourism destination.

Syntaxonomic scheme

CAKILETEA MARITIMAE R. Tx. & Preising in Br.-Bl. & R. Tx. 1952

Cakiletalia integrifoliae R. Tx. ex Oberd. 1949 corr. Rivas-Martinez, Costa & Loidi 1992
Cakilion maritimae Pignatti 1953

Salsolo-Cakiletum maritimae Costa & Mansanet 1981 corr. Rivas-Martinez et al. 1992
AMMOPHILETEA Br.-Bl. & R. Tx. ex Westhoff et al. 1946

Ammophiletalia Br.-Bl. 1933

Tab. 11 - Habitats of European community interest .
CORINE code  Natura 2000 code EUNIS code

Annual vegetation of marine deposits 172 1210 Bl1

Salicornia pioneer vegetation and other

15.1 1310 A2.651
annual species of muddy and sandy zones

Embryonic mobile dunes 16.211 2110 B1.3
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Agropyrenion farcti Rivas-Martinez, Costa, Castroviejo & Valdes Bermajo 1980
Cypero capitati-Agropyretum juncei (Kiihnholtz-Lordat 1923) Br.-Bl. 1933

SAGINETEA MARITIMAE Westhoff, Van Leeuwen & Adriani 1962

Frankenietalia pulverulentae Rivas-Martinez ex Castroviejo & Porta 1976

Frankenion pulverulentae Rivas-Martinez ex Castroviejo & Porta 1976
Parapholido-Frankenietum pulverulentae Rivas-Martinez ex Castroviejo & Porta 1976

SARCOCORNIETEA FRUTICOSAE Br.-Bl. & R. Tx. ex A. & O. Bolos 1950
Sarcocornietalia fruticosae Br.-Bl. 1933

Sarcocornion fruticosae Br.- Bl. 1933 em. Brullo & Furnari 1988

Junco subulati-Sarcocornietum fruticosae Brullo 1988

GALIO-URTICETEA Passarge ex Kopecky 1969

Convolvuletalia sepium R. Tiixen 1950

Senecionion fluviatilis R. Ttixen 1950

Calystegio silvaticae-Arundinetum donacis Brullo, Scelsi & Spampinato 2001

PHRAGMITO-MAGNOCARICETEA Klika in Klika & Novak 1941
Phragmitetalia Koch 1926

Phragmition Koch 1926

Phragmitetum communis (Koch 1926) Schmale 1939

Scirpo lacustris-Phragmitetum australis Koch 1926

PEGANO-SALSOLETEA Br.-Bl. & Bolos 1958
Salsolo-Peganetalia Br.-Bl. & O.Bolos 1954
Artemision arborescentis Géhu & Biondi 1986

Atriplici halimi-Artemisietum arborescentis Biondi 1986

NERIO-TAMARICETEA Br.-Bl. & O. Bolos 1958
Tamaricetalia Br.-Bl. & O. Bolos 1958
Tamaricion africanae Br.-Bl. & O. Bolos 1958
Tamaricetum gallicae Br.-Bl. & O. Bolos 1958

SALICETEA PURPUREAE Moor 1958

Salicetalia purpureae Moor 1958

Salicion albae (So6 1936) R. Tx. 1955

Salicetum albo-purpureae (1. & V. Karpati 1961) Barbagallo, Brullo & Fagotto 1979
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The Chenopodiaceae family comprises numerous species considered of high interest in arid and
semi-arid regions. In this sense we present our first investigations in shrubby species of the gen-
era Atriplex, Salsola and Suaeda native of Canary Islands. In order to preserve ex situ its genet-
ic diversity in Canary Islands, we carried out different collecting missions. As a good knowl-
edge of the target species is an important fact to undertake conservation programmes, a pre-
liminary taxonomic survey is proposed. Eight species (Atriplex halimus, Salsola divaricata, S.
tetrandra and S. vermiculata, Suaeda fruticosa, S. ifniensis, S. mollis and S. vera) were select-
ed. For each one of them full citation of names, basionyms, synonyms, local names, flowering
period, authoecology, and distribution data are given. In many cases critical taxonomic remarks
are made. Finally a tentative key to the Canarian shrubby chenopods treated in this work is pre-
sented.

Introduction

In sensitive island ecosystems, where the introduction of non-native plants and animals,
the habitat destruction by human activities and the overgrazing are the main causes of envi-
ronmental degradation, conservation of genetic diversity of populations is crucial for long-
term survival of most species.

The Chenopodiaceae family comprises numerous species considered valuable forage
plants, especially in arid and semi-arid regions (Correal 1982, Correal & al. 1987, Le
Houérou 1991). Several of these, also have been successfully used in the colonization of
desert and semi-desert zones. Therefore, the conservation of native plants of this family
and the study of the potential of the species for use as forage and for regeneration-restora-
tion of degraded lands is highly justified.

In this context, our aim is to study autochthonous Atriplex, Salsola and Suaeda shrub-
by species in Canary Islands. The objectives of the ongoing project are: a) To establish the
taxonomic status of the species of the Canary Islands and its relations with species from
the North of Africa and the Iberian Peninsula. b) To analyse the genetic structure of the
populations. ¢) To analyse the chemical composition of these species to determine the
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nutritive value. d) To conserve germplasm of Atriplex, Salsola and Suaeda species at the
Genebank of the Instituto Canario de Investigaciones Agrarias (ICIA).

In view of the fact that a good taxonomic knowledge of the target species is essential
for subsequent genetic characterization and agronomic evaluation, in this paper we pres-
ent a taxonomic account of them.

Materials and methods

Several expeditions were planned from June 2006 to July 2007 to collect germplasm of
Atriplex halimus, Salsola divaricata, S. tetrandra, S. vermiculata, Suaeda fruticosa, S. ifnien-
sis, S. mollis and S. vera populations in Tenerife, Gran Canaria, Fuerteventura and Lanzarote.

Passport descriptors include taxonomic, ecogeographic and phytosociological data. For
the later we follow to Rodriguez Delgado & al. (1998) and Rivas-Martinez & al. (2001,
2002). Photographic records of sites and soil samples were also taken.

Herbarium voucher specimens are conserved at ORT and seeds are stored under con-
trolled conditions at the ICIA Genebank.

Results and discussion

A total of 13 collecting trips were made in four Canary Islands (Tenerife, Gran Canaria,
Fuerteventura and Lanzarote) in different dates depending on the time of flowering and
fruiting of the species, which were variable. For example, Salsola divaricata presents a
peak collection period in the end of autumn and early winter and S. verm