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Ex situ conservation of threatened seashore plants — time out for
populations hit by global change?
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Seashore meadows of the Bothnian Bay harbour several unrelated rare plant species with a disjunctive
distribution in the Arctic and northern parts of the Baltic Sea (Fig. 1). This group of species was originally
named by Fries (1865) as the Primula sibirica group according to the former Latin name of the Siberian
primrose (now: Primulan nutans Georgi subsp. finmarchica (Jacq.) A. Love & D. Love var. jokelae L. Mikinen
& Y. Miékinen). Originally Fries (1865) pointed out a dozen taxa sharing this kind of distribution. However,
since then estimates of the number of species belonging to the group have varied from more than thirty species
(Ericson & Wallentinus 1979) to six 'core' species (Eurola 1999).
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Figure 1. Distribution of the Arctic pendant grass in the Northern Hemisphere and Scandinavia as an example of
disjunct distribution (maps courtesy of the Swedish Natural Museum).

Recent phylogeographic studies on the namesake of the group, Siberian Primrose, have shown that the disjunct
distribution in Scandinavia was formed during the post-glacial period when the species was following the retreat
of the ice sheet (Kreivi et al. unpublished). Hence the southern populations in the Bothnian Bay and the arctic
populations all originate from the same glacial refugium. It is not known whether other species in the groups
share the same phylogeographic history, but it is obvious that the Bothnian Bay populations of most Primula
sibirica group species are to some extent genetically divergent from the arctic ones and many of them represent
endemic subspecies or varieties. However, being predominantly Arctic species these Bothnian Bay populations
represent the southernmost limit of species' distribution, and they are now facing a situation where there is no
escape from the impact of global warming by spreading north.
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The distribution of these species in the Bothnian Bay has considerably narrowed in the past decades as the
number and size of extant populations has declined (Rautiainen 2006). Changes in traditional land-use,
especially the cessation of cattle grazing and haymaking as well as eutrophication due to scattered loading from
arable lands have often been pointed out as causes of the demise of these species (Laamanen et al. 2005).
However, the former explanation is not always applicable to shore plants that occupy the hydrolitoral zone that
has never been grazed and mowed, and hence, other factors may have a key role. For example, our recent
analyses on the population dynamics of one of such species, Arctic pendant grass (Arctophila fulva Trin. var.
pendulina (Laest.) Holmb.), have indicated that increase in the intensity of winter and summer disturbances (e.g.
ice scouring and storms causing floods on flat shores) may markedly contribute to the population dynamics of
these species (Rautiainen 2006, Rautiainen et al. 2007). These kinds of changes in climatic variation imposed by
global warming are already taking place both locally and globally (Jylhi et al. 2004, Emanuel 2005). Hence, the
predicted impact of global warming to climatic variation in the environment may be of primary concern in
planning sustainable management for threatened plant populations.

Many seashore species also rely predominantly on clonal growth in occupation of the virgin soil, which is
reflected both in their population dynamics (Rautiainen et al. 2004, Rautiainen 2006) as well as the genetic
structure of subpopulations (Kreivi et al. 2005). The capability of clonal populations to maintain their genotypic
diversity is regarded lower than sexual populations (Balloux et al. 2003) and prolonged exclusive clonal growth
can eventually lead to a monoclonal population even on the basis of genetic drift (Honnay & Bossuyt 2005).
Moreover, the lack of recombination hinders adaptation to the changing environment and makes the population
more vulnerable to a selective sweep (e.g Silvertown & Charlesworth 2001), which effectively narrows the
genotypic diversity.

The microspatial structure and surprisingly large genetic variation in the Arctic pendant grass subpopulations
indicates sexual founding events in the past (Kreivi et al. 2007). Genetic variation in the Siberian primrose,
which is both sexual and clonal, is currently studied. Interestingly, there are two different incompatibility types
(so called pin and thrum types) in Siberian primrose, which may in large populations effectively prevent self-
pollination but in small isolated populations lead to a stochastic Allee effect when the frequency of one of the
incompatibility types reaches one (see e.g. Endels et al. 2002).

In general, knowledge on spatial genetic structure and the type of dynamics is crucial when feasible and cost
effective policies both for management and monitoring are planned. A special problem with seashore species is
often unpredictable impact of sea forces. For example, the dynamics and reproduction of the Arctic pendant
grass is largely governed by disturbance caused by wintry ice scouring and autumn floods (Rautiainen et al.
2004, 2007; Rautiainen 2006) and demographic data from many years seems to point out that occasional spring
flooding caused by south western storms, that were rare in the past, may effectively hinder sexual reproduction
in Siberian primrose (Bjornstrom et al. 2007). One main prediction in climate models (e.g. ACIA 2005) is the
loss of winter ice cover in the Bothnian Bay in the future, which also means the loss of ice scouring exposing
soil for secondary colonisation. Also the rising sea level will counteract the geological isostatic land uplift
(Johansson et al. 2001) that creates virgin land for plants to colonise. In fact, the mean sea level in the Bothnian
Bay has in recent years been c. 5 cm higher than predicted on the basis of the linear historical trend (Johansson et
al. 2004), which means a considerable reduction in the rate of new land formation. The third study species,
Common glasswort (Salicornia europaea L.), that does not strictly belong to the Primula sibirica group, is an
annual non-clonal species confined to chloridic saline patches of seashore meadows. The occurrence of these
kind of patches is negatively dependent on the rainfall depth in early summer (Siira 1985). Unfortunately, one of
the predicted changes in climate of the area is the increase in rainfall depth.

These predictions and climatic data, readily available in public databases, can be used as guidelines in planning
concrete management measures tested together with ex sifu conservation. The former includes transplanting
within populations to promote population growth and between populations to mitigate threats caused by narrow
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genetic basis. Ex situ conservation in the botanic garden may have a supportive role in the procedure as a stage
where the genetic diversity and the amount of plant material available is secured prior to re-introduction to the
habitat. Strengthening populations with external or original genetic material has turned out to be a feasible but
often overlooked tool in avoiding inbreeding depression and enhancing the viability of small populations (e.g.
Madsen 1999, Heschel & Paige 1995). However, the use of transplants must be based on strict guidelines in
order to avoid potential pitfalls of breaking locally adapted genotypes or causing selective sweep and therefore
ex situ conservation and gene banking are of crucial importance. There is a dearth of information on how to
protect genetic diversity of small plant populations in more or less ephemeral habitats. In this project models of
habitat change in seashore meadows and its predicted consequences to long-term population dynamics and
genetic structure are used to connect climatic information to the basic level of biodiversity. This information is
further used in assessment of the feasibility of different in situ and ex situ conservation methods.

In practice, common glasswort can readily be micropropagated either from somatic tissue or from seeds in vitro
on recently developed medium (Fig. 2) based on brackish water. Arctic pendant grass that does not produce
viable seeds (Rautiainen et al. 2004),has also turned out to be very difficult to grow in a garden and, hence, in
vitro cloning method is being developed. Pure cultures can be routinely maintained in the micropropagation
laboratory of the Botanical Gardens of the University of Oulu. Ex situ conservation of Siberian primrose has
turned out to be the easiest task: the species can be grown in the gardens on an artificial seashore (Fig. 3). Seeds
of Common glasswort and Siberian primrose are also dried to low moisture content and stored in deep freeze and
subsequently subjected to a series of viability tests.

Figure 2. Seedlings of the Common glasswort on Agar medium.
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Figure 3. Siberian primrose in the Botanical Gardens, University of Oulu (photo courtesy of Lassi Kalleinen).
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