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ABSTRACT: In the last few decades, changes of reproductive pattern of polar 
vascular plants have been observed, for the benefi t of generative propagation. The 
reasons for this phenomenon are attributed to intensively following climate change, 
whose effects may be various. Warming causes the production of the greater number 
of generative structures, with higher quality. Our macroscopic observations conducted 
on specimens of polar vascular plants, cultivated in University of Warmia and Mazury 
greenhouse, indicate that the effect of temperature increase on fl ower development and 
seed formation is inconsistent. On the other hand enhanced levels of UV-B radiation can 
negatively affect seedlings. The complexity of the climate change causes tremendous 
diffi culties in defi ning a clear and unquestioned way of modifi cations during the 
reproductive phase of the described plants.
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INTRODUCTION 

The polar vascular plants are capable to produce both vegetative and generative 
propagules (as seeds). However, their participation in reproduction is not equal 
and constant in time. The environmental conditions, in which the population 
exists, have a big impact on the reproductive pattern. Therefore, the way of species 
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spreading in time and space is considered as a one of adaptation strategies  to 
different environments. Among the polar fl owering plants, a larger participation 
of asexual reproduction is observed. Thus, it seems reasonable to assume that 
this is more profi table in harsh climatic conditions, due to less dependence on the 
length of growing season and its conditions, as opposed to sexual reproduction. The 
vegetative propagation is characterized by very high effi ciency, reaching 90–100% 
(Callaghan and Emanuelsson 1985). The survival of offspring is high, because the 
transformation of seedlings into the juvenile stage is omitted (Pirożnikow 1996). 
Due to the high plasticity and morphological diversity of vegetative progeny, 
plants can better manage energy resources (Callaghan and Emanuelsson 1985). 
In contrast to the vegetative reproduction, the generative propagation is sensitive 
to environmental disturbances, which are very typical and frequent in the polar 
regions. The disturbances are associated with the lower production of mature 
and viable seeds. According to Edwards and other authors, although, the only 
two native vascular plants occurring in the Antarctic produce plenty of fl owers 
(infl orescences), the seeds produced at a later stages are often dead (Edwards 1974, 
Convey 1996). Reduction in the formation of viable seeds was also observed in the 
Arctic, in Dryas octopetala, this coincided with the occurrence of low temperatures 
during the growing season (Wookey et al. 1993). On the other hand, in the last few 
years, there have been numerous reports concerning the changes in a reproductive 
pattern, for the benefi t of the generative reproduction among vascular plants of the 
polar regions. This fact is linked to climate change observed for several decades 
in these areas, which are characterized by far greater rate of changes than in other 
latitudes. Observations and experiments conducted in the polar areas in the context 
of these changes have resulted in many interesting insights.

CHANGES CAUSED BY AIR TEMPERATURE INCREASE 

The Antarctic Peninsula is the fastest warming region of Earth. Over the past 50 
years, on its west coast mean annual air temperature has risen approximately 2.6 ºC 
(King 1994; Smith et al. 1996). Therefore, it is a convenient area for determining the 
effects of temperature rise on the plant populations. On the basis of fi eld experiment 
carried out on this peninsula, Day et al. (1999) recorded increase in the number 
of produced generative structures reaching maturity stadium and increase in the 
intensity of their development in both Deschampsia antarctica and Colobanthus 

Figure 1. Antarctic fl owering plants growing under various environmental conditions
a, d – the plants growing under natural conditions (the Antarctic – King Georg Island, in the Admiralty 
Bay region). On the specimen of: Colobanthus quitensis (a) numerous of mature seed-bags and young 
fl ower buds and D. antarctica (d) young infl orescences are visible; b,c,e, f – the plants growing in
a greenhouse of University of Warmia and Mazury, at temperature of about 20ºC. On the specimens
of C. quitensis (b) and D. antarctica (e) cultivated during one month, the abundant fl owers are visible.
The elderly specimens of C. quitensis (c) and D. antarctica (f) without generative structures cultivated 

during two years. 
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quitensis under infl uence of air warming (Fig. 1a, d). A similar positive effect was 
demonstrated in relation to the propagation of D. octopetala, the species occurring 
in the zone of polar semi-desert, in Svalbard (Wookey et al. 1995). Additionally, it 
was founded that capsules of C. quitensis produced higher number of seeds with 
greater mass. It is believed that such direction of change might be responsible for 
the improvement of both germinability of diaspores and seedling survivorship. 
During monitoring carried out by more than 30 years on the Argentine Islands and 
on the Signy Island, the series of growing seasons with increased temperatures were 
recorded, after which the recruitment of seedlings of these species has increased 
(Smith 1994). 

An optimum air temperature for effi cient germination both D. antarctica and C. 
quitensis is ca. 20ºC (Edwards 1974). The culture of polar vascular plants, which 
has been conducted in University of Warmia and Mazury greenhouse (established in 
2002), at temperature closed to the above, consists of numerous Arctic and Antarctic 
specimens. In the year 2010, the new individuals of vascular plants collected during the 
34th Polish Antarctic Expedition were added. These specimens after transplanting into 
pots and placed in the greenhouse take the further growth and development quickly. 
The stable conditions caused formation of numerous and lush vegetative shoots and 
provided abundant fl owering, which was ended with seed production (Fig. 1b, e). 
However, it should be noted that infl orescences of these plants are initiated at the end 
of the growing season preceding the development of fl owers and seed set (Edwards 
1974). This confi rms the assumption that the initiation of generative reproduction 
was taken place under natural conditions, whereas thermal equilibrium allowed 
only on undisturbed development process of sexual reproduction elements. On the 
other hand the elderly specimens – imported from the previous polar expeditions 
- regenerated by means of seeds or vegetative shoots produce not too many fl owers 
under greenhouse conditions (Fig. 1c, f). This is the most evident in the case of 
D. antarctica, in which they occur very rarely (hardly ever) (Fig. 1f). 

Our preliminary comparative evaluation of C. quitensis seeds, which were 
produced both under natural and greenhouse conditions showed some differences 
at the morphological and physiological level. These are related to their weight and 
size, as well as the germinability. The results suggest that the diaspores from the 
natural conditions are heavier and more viable (unpublished data). However, for the 
fi nal confi rmation of these observation are required further studies.

CHANGES CAUSED BY ENHANCED LEVELS
OF UV-B RADIATION

The increase in the intensity of UV-B radiation reaching the earth’s surface 
is also classifi ed to climatic changes, which are observed in the polar regions. 
The largest increase of this factor, like the temperature increase mentioned above, 
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is recorded on the Antarctic Peninsula. In the past fi ve decades there has been 
reported twofold increase in the intensity of ultraviolet radiation (Day et al. 1999). 
The warming trend and its consequences suggest its positive effect, whereas the 
infl uence of UV-B radiation on plants is rather negative. Results of studies carried 
out on seedlings of C. quitensis by Ruhland and Day (2001), did not indicate the 
impact of enhanced levels of UV-B radiation on the seedling survivorship, but 
reported a reduced number of leaves and decreased of their area, as well as reduced 
number of formed branches compared to those grown in environment with limited 
radiation. However, the content of methanol-soluble UV-B-absorbing compounds 
increased, and the concentration of chlorophyll b in leaves decreased in response to 
enhanced levels of UV-B (Day et al. 1996). It appears that seedlings are especially 
susceptible to damages induced by UV-B (Ballaré et al. 1995, Krizek et al. 1997, 
Deckmyn and Impens 1999). The increased content of compounds, which absorb 
this type of radiation, in the epidermal cells of foliage prevents UV-B penetration 
to the deeper layers of mesophyll cells. Thus, it protects them against damages. 
The lower concentration of chlorophyll b may be associated with adverse changes 
in photosystem II caused by intensive UV-B radiation (Greenberg et al. 1989). The 
fi nal effect of enhanced radiation, in spite of increased content of bulk soluble UV-B-
absorbing compounds, seems to be unfavorable to the juvenile stage of C. quitensis, 
which may be refl ected in the impaired plant productivity in subsequent growing 
seasons (Ruhland and Day 2001). On the other hand there are some assumptions 
stating the positive effect of ultraviolet radiation on the generative propagation of 
D. antarctica and C. quitensis (Day et al. 1999). Furthermore, in other plant species 
were also reported some positive implications caused by enhanced UV-B levels, 
such as: a higher number of reproductive structures and their larger size (Barnes 
et al. 1990, Day and Demchik 1996). Therefore, it is diffi cult to determine the 
direction of the changes induced by this factor. 

CONCLUSIONS

The complexity of the climate change causes tremendous diffi culties in defi ning 
a clear and unquestioned way of modifi cations during the reproductive phase of 
the described plants. Under natural conditions, none of the factors do not occur 
alone. The factors described here co-occur at the same time so their effect can be 
quite different from those observed during simulations, which only imitate natural 
conditions. The changing climate components may impact not only on biota, but 
also to other abiotic factors. As a result, this may lead to increased or decreased 
intensity of other stress factors. Bokhorst’s et al. (2007) observations indicate that, 
insignifi cant increase of temperatures, which may be favorable for plant growth 
and development, can reduce soil moisture, resulting in increased drought stress. 
Finally, it should be noted that in spite of observed global warming, polar regions 
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are still haunted by the extreme weather events – such as drought or sudden 
temperature drops, which disturb the successful establishment of polar vascular 
plant in these regions.
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