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Introduction

The genus Beta is made up of the sections Beta, Corollinae, Nanae, and Procumbentes.
Beta nana Boiss. & Heldr. constitutes a monotypic section within the genus, and is a
relict species endemic to Greece that has a very limited distribution area (Buttler 1977;
Letschert 1993). It occurs in the mountains at high altitudes, in limestone substrates and
on short open turf at the edges of meadows with late snow. It is the only alpine species of
the genus distributed in Greece (Strid 1995) but not the only alpine Beta species (Buttler
1977). Species of section Beta exist at lower elevations in Greece. The general habitat
for B. nana is in closed or open depressions with relatively moist soil above 1800 m
elevation. The climate at such an altitude is cool and moist because clouds often build
up around the mountains. The plant populations are mainly found on ranges facing east
or northeast, where temperatures are lower during the summer afternoons. Plants also
grow in crevices between rocks and in disturbed areas, such as rough tracks or severely
grazed open plant communities. The prostrate growth habit protects the head of the
storage root from being damaged by grazing animals (Dale 1980, 1981). It is possible
that a certain degree of grazing, however, may keep the associated flora short, thereby
promoting the survival of the species. Strid (1995) described the species in detail. It is
an inconspicuous, diploid (Franzen and Gustavsson 1983) plant species, with a small
rosette of leaves approximately 10-20 cm in diameter, depending on the fertility of the
soil. The plant is said to be self-fertile, producing few seed stalks with 10-25 flowers per
spike between June and August. The monogerm seedballs dehisce to the ground in the
vicinity of the seed plant while still green. Dale (1980) noted that germination of the
seed has proved difficult, and assumed that the extremes of temperatures in the natural
habitat, leaching of inhibitors, as well as enzymes in the gut of animals may all play a
part in successful germination. He further argued that the species might not be easy to
cultivate outside its very specific natural habitat. In contrast, Strid (1995) reported that the
species is easy to cultivate from seed, and that plants have survived in the Copenhagen
Botanic Garden for almost 15 years, where they have regenerated spontaneously.
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Little is known about the patterns of genetic variation in B. nana. Phenotypic
variation observed by Dale (1980) in the natural habitat was low within and between
populations. Allozyme patterns of B. nana have been analysed by Nagamine and Ford-
Lloyd (1989) who found five unique and invariant alleles compared to a range of other
species investigated in the same study, indicating a unique phylogenetic position of
B. nana within the genus. Shen and co-workers (1998a, 1998b) and earlier studies
(Jung et al. 1993) showed that B. nana is more closely related to the section Corollinae
than to any other section, although it was a clearly separated group when using random
amplified polymorphic DNA (RAPD) banding patterns. Like B. nana, Corollinae species
occur at high altitudes and are part of the secondary genepool in relation to cultivated
beet (Buttler 1977). Beta nana is of interest to the beet breeding community because of
its novel genetic variation, potential cold tolerance and monogermicity.

B. nana is considered a rare but not threatened species requiring no specific
conservation measures. Some of the populations are growing in protected areas
(Strid 1995). However, species living in alpine regions are particularly prone to
extinction risk from climate change (Grabherr et al. 1994; McCarty 2001; Parmesan
and Yohe 2003). B. nana is a highly specialized species of the alpine regions of the
Greek mountains. Reproduction and migration mechanisms of the species have not
been investigated, nor are demographic processes understood; thus the impact of
climate change on the ecological niche of the species and its long-term population
viability cannot be predicted. Moreover, it is not understood how the genetic
variation is distributed within a population, among populations within a region,
or among regions; and to what extent gene flow between populations within a
region and among regions occurs. Short distance gene flow by seed dispersal (a few
hundred metres) is facilitated, perhaps, by melt water flows, grazing animals, and
birds. Because a few plants were found during the exploration in 2005 growing in
cracks of steep cliffs, it is hypothesized that birds may play a role in long-distance
dispersal by depositing undigested seeds.

In 1980 the International Board for Plant Genetic Resources (IBPGR, now Bioversity
International) charged M.E.G. Dale with a survey of B. nana. The major finding of
his missions (summarized in Table 1) indicated genetic erosion within the species
caused by overgrazing and road construction. The destruction of several populations
of a species does not necessarily endanger the species as a whole. However, because
plant breeders are especially interested in the maintenance of the within-species
variation, the ECPGR Working Group on Beta recommended repeating the survey
and assessing the need for in situ conservation actions (Maggioni et al. 2000).

Therefore, there are good reasons to monitor the demographic development of
this wild crop relative and to acquire a better understanding of the biology, ecology
and landscape genetics of the species. The B. nana exploration in 2005 was organized
to provide a baseline to support future research to address these questions. Specific
objectives of the joint plant exploration were:

- collection of fresh seeds from a few, larger populations for use in research;

- jointdevelopment of an in situ management programme with Greek collaborators;

- development of a database tool suited to document monitoring data; and

- determination of the environmental characteristics (soil, microclimate,

associated vegetation) of the natural growing sites to design more efficient
ex situ seed multiplication procedures.
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Table 1. Results of a B. nana survey in Greece conducted by Dale (1980, 1981)

Mountain surveyed

Taigetos (1980, 1981)

Chelmos (1980, 1981)
Parnassos (1980, 1981)

Giona Oros (1980, 1981)

Timfristos (1980, 1981)
Lakmos (1980, 1981)
Smolikas (1980)
Olympos (1980, 1981)

Kato Vermiou (1981)
Vitsi (1981)

Tymphe (1981)
Kaliakouda (1981)

Iti (1981)

Vardousia (1981)

1980: One population, extremely limited distribution, site intensively
grazed by sheep and goats.
1981: Two quite large and other smaller populations were found.

No sign of B. nana. Vegetation heavily grazed by sheep and goats.

1980. B. nana widely distributed in this part of the mountain range.
Intensively grazed by sheep and goats. Insect damage observed. Road
construction may have caused drying out of previously suitable habitats.
1981: Disturbance caused by Athens Ski Club. Approximately 30-40% of
the original suitable habitats/populations had been destroyed in 1981.

1980: A number of populations observed. Man’s activities are certain to
have an effect on the populations of B. nana.
1981: Limited impact of bauxite mining on some populations.

No sign of B. nana. Natural habitat may not be suited for this species.
No sign of B. nana though potentially suitable sites were observed.
No sign of B. nana. Local shepherds recognized samples of the species.

1980: Small populations were found throughout this area. The region
was grazed by sheep and goats.
1981: Many populations were showing signs of drought stress.

No sign of B. nana. Few suitable habitats.

No suitable habitats.

No sign of B. nana. Few areas retaining moisture.

No sign of B. nana. Little retention of surface water.

No sign of B. nana. Suitable habitats were observed.

Populations were found in open depressions. Grazing by sheep and

goats evident.

Materials and methods

The itinerary of the recent survey was based on Dale’s reports and an extensive
literature search. Unfortunately, Dale did not describe the exact collection sites
nor did he estimate the geographical coordinates based on topographic maps.
Populations were found using Dale’s general site descriptions, current topographic
maps, and local experts. Once found, the location of a population was determined
using a Garmin 12XL global positioning system (GPS) (Garmin International, Inc.,
Olathe, Kansas, USA), and further site and plant characters were determined as
shown in Table 2. Leaf tissue and plant sap samples were also collected from 12 to 24
plants from selected populations for future DNA extraction. The sap samples were
collected using Clone Saver™ cards (Whatman International, Middlesex, UK).

A data model for recording monitoring data was tested during the trip and is
described by Frese and Germeier (see paper on “The International Database for Beta
and in situ management — potential, role and functions”, this volume, pp. 59-74). Using
a model proposed by Guarino (1995), the threat of genetic erosion was assessed for
each site by using proxy data. Proxy data are recorded to study a phenomenon for
which a direct measurement in a given situation is not possible. The model uses scores
for factors such as the extent of wild habitat of the target species within the study area,
the ratio of present livestock density to estimated carrying capacity of a site, or the
distance of the site to development projects such as tourism complexes or mining sites.
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Results

Populations of B. nana were found in these mountains: Taygetos, Chelmos,
Vardoussia, Giona, Parnassos and Olympos (Fig. 1). In contrast to Dale’s reports
(1980, 1981), the extent of the occurrence of the species was confirmed to be as
reported in 1908 by Halacsy (cited by Akeroyd, 1986). Except for a very sheltered
site at Mount Parnassos, all sites proved to be grazed to various degrees, primarily
by goats. Estimates for the risk of genetic erosion were fluctuating around 100 on
a scale of 0 (=no risk) to 200 (=very high risk). Especially on Mount Olympos, the
species had reproduced well at several sites within the surveyed area. The overall
population sizes ranged from more than 1000 individuals on Mount Olympos to a
few individuals on Mount Taygetos. All sites had full exposure to the sun, and the
slopes ranged from 0 to 25 degrees.

N 2005 Beta nana collection sites

MNumber of B. nana populations
found per area

Mt. Olympus 5 populations
Mt. Pamassos 4 populations
Mt. Vardousia

& Giona 13 populations
Mt. Chelmos 2 populations #
Mt Taygetos 2 populations

Fig. 1. 2005 Beta nana survey sites and population locations.

Maxted et al. (1997) suggested a new conservation technique called “genetic
reserve conservation” to complement ex situ conservation efforts. Conservation of a
wild species in its natural habitat requires the designation of an exact location for a
genetic reserve, the development and implementation of a site management plan, the
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engagement and funding of a reserve manager, and the monitoring of the location
to assess the impact of the site management on the target species. The distribution
area on Mount Olympos would be most suited for the establishment of a genetic
reserve because the sites are already located within or close to the Nature Park. Two
further sites, one on Mount Parnassos and a second on Mount Giona, would also
be possible choices. Fig. 2 shows the Vathia Lakka site located on Mount Giona. In
the background of the left part of the photo, rocks formed a U-like structure, which
could easily be fenced by a shepherd and grazed by sheep or goats in a controlled
manner favouring reproduction of the species.

g EI

Fig. 2. Vathia Lakka, Mount Giona. The site on the left part of the photo (arrow) would be
suited to establish a genetic reserve.

Conclusions

Although populations of B. nana can be found on the mountains identified in this
study, there still remain significant areas in Greece to survey to confirm the full extent
of the range for this species. It is noted that sites which have extant populations of
B. nana on Mount Olympos, Mount Parnassos and other mountains are located
within or nearby protected areas. This is significant in that it may be that preservation
of habitat is beneficial, but it is not known how effectively B. nana populations are
protected by National or Provincial Nature Park statutes. This relationship needs
further study. The extent of overlap between legally protected areas and natural
sites of B. nana needs to be explored by integrating geographic information systems
(GIS) and floristic studies to determine the scope of the relationship between
conservation measures and plant species survival. One approach would be to
match the distribution of the B. nana populations to existing protected areas, and
then systematically determine the obvious overlaps. Researchers could then suggest
locations for the development of genetic reserve conservation sites.

The choice to be made, of which populations and sites should be protected in
genetic reserve conservation sites, needs to be based on genetic distance measures
and/or the amount of genetic variation detected within and among populations.
For this work, which is still to be done, it is proposed to use microsatellite markers.
The question of how effectively agro-environmental measures subsidized by the EU
Commission can be deployed for the controlled management of selected sites also
needs to be investigated.
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