














Results and Discussion

The minimum temperatures recorded in the vicinity of the samples in the freezers
were -18.2 and -7.2 °C. All control tissue (+5 °C) remained intact, freshly looking,
and served as a reference. All -18° treated tissue was dead and served as a reference
for how damaged tissue looks like. The -7.2 treated cohort exhibited a clearly species
specific differentiation in damage, with some species/organ types completely
damaged or undamaged or partially damaged (Tab. 1, Fig.2). Two species turned out
to be difficult to assess. Saxifraga nivalis leaves largely looked fine, but there was
significant ion leakage to the immersion water. Luzula confusa naturally has reddish
and rigid leaves and flowers and neither showed clear color changes nor turgor loss,
nor was ion leakage obvious, but some leaves and flowers looked slightly altered. All
other species/organs could be clearly judged. Damage in flowers was generally much
greater, but our sample size was too small to rank species in a trustworthy manner.
We thus, present two damage categories only for flowers (Tab. 2).

Table 1. Ranking of examined plant species for freezing damage in leaves.

Rank Plant species Damage (%) Conductivity (uS)
1 Papaver dahlianum 0 19

2 Dryas octopetala 2 17

3 Petasites frigidus 7 51

4 Saxifraga nivalis 10 54

5 Salix polaris 12 17

6 Cerastium arcticum 26 114°
7 Luzula confusa 40 19

8 Saxifraga cespitosa 58 >
9 Oxyria digyna 60 138
10 Bistorta vivipara 84 63°
11 Saxifraga cernua 98 239
12 Silene furcata 100 383

* Central, young part of rosette alife, outer and bigger part (older leaves) dead.
® Some soil and dead leaf material attached to rosettes, i.e. odd reading.
¢ Note, the small leaf area is causing a small signal despite large damage.

In summary, these data show that a -7 °C freezing event at that time of the year and/or
developmental stage of plants would have a dramatic impact on above ground
structures of these plants in mid-summer. Yet, species known for their occurrence in
the most extreme polar habitats, such as Papaver dahlianum showed not only no leaf
damage, but even a fraction of the otherwise delicate looking, big flowers had
survived. Dryas octopetala commonly ranked as weakly thermophilous (Elvebakk
1989), survived with almost 100% intact foliage. Even more surprising, Petasites
frigidus, ranked as distinctly thermophilous (Elvebakk 1989), showed over 90 %
survival. Thus the distribution of this species is probably not limited by extreme low
temperatures. Rather, other factors such as limited ability for sexual reproduction
(Brochmann & Steen 1999, Ronning 1996) may limit its distribution in Svalbard.
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Fig. 2 a-f. Leaf and flower conditions 30 hours after thawing. From left to right: control (+5
°C), “mild” freezing (-7.2 °C), severe freezing (-18.2 °C). a Silene and Cerastium, b
Papaver and Saxifraga cespitosa, ¢ Bistorta and S. cernua, d Luzula and Dryas, e S.
nivalis and Salix, f Oxyria and Petasites
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Table 2. Ranking of examined plant species by freezing damage in flowers”.

(1) 10-30% survival, i.e. 70-90 % damage:

Oxyria digyna
Dryas octopetala
Luzula confusa
Saxifraga cespitosa
Papaver dahlianum
Saxifraga nivalis®

(2) 0% survival, i.e. 100 % damage:

Silene furcata
Cerastium arcticum
Bistorta vivipara
Saxifraga cernua
Salix polaris

* Petasites frigidus had no flowers.
® Uncertain, flowers looked almost ok.

Of the 5 individuals (leaf rosette with inflorescence) of Saxifraga cespitosa, 2
individuals showed negative geotropism over night, i.e. they uprighted their fully
intact flowering shoots from the flat position in the petri-dish (Fig.3). For half of the
tested species, such an event would eradicate the complete reproductive investment of
that season, but in these species most or all leaves would also be killed.

Silene furcata, the other distictly thermophilous species analysed here, emerged as the
most sensitive species. Hence, it may serve as an indicator species of favourable site
conditions, provided such selective freezing would occur. The plant genus does not
seem to be of predictive value, given that Saxifraga exhibits particularly sensitive and
robust representatives. Silene acaulis was found to be very robust against midsummer
freezing near Tromsg (surviving -8.5 to -9 °C; Junttila & Robberecht 1993). The latter
authors had confirmed earlier evidence that growth temperatures have a strong
influence on actual freezing resistence. It was thus considered that repeated warm
episodes in the arctic could weaken freezing tolerance (Marchand et al. 2006). We
sampled plants during a very warm period, with noon air temperatures of around +12
°C, which could have sensitized our test plants.

The low freezing resistance of Saxifraga cernua was unexpected given that this
species is common in the polar desert zone and is one of the species reaching highest
up in the mountains in Svalbard (>900 m a.s.l., Sunding 1960). Also, some other
hardy arctic species such as Bistorta vivipara, Oxyria digyna and Saxifraga cepitosa
showed over 50 % freezing damage. Common for all these species is their ability to
produce viable seeds or bulbils even at cold sites (Cooper et al. 2004). Recruitment
from seed bank may therefore replace any lost individuals due to freezing events and
thus secure long-time survival of these species even at the coldest sites in the Arctic.
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Fig. 3 a-c. Close-up examples of flower conditions after the -7°C treatment. Note the negative
geotropic position of 2 Saxifraga caespitosa shoots after 30 hours (3a), flowers (one
of each damaged at
-7 °C and one undamaged at -7 °C) of Dryas octopetala (3b) and Papaver dahlianum

o).

It can be concluded that during the growing season, freezing temperatures of -7 °C or
possible less, would damage a significant fraction of the arctic flora. Given that -10
°C had been recorded for air temperature in June, this means that earlier spring
growth in the course of global warming at an otherwise unchanged likelihood of the
occurrence of such an extreme events would lead to massive losses of tissue and
above ground productivity. It would be interesting to know, whether low temperature
extremes during the growing season had in fact became rarer as the overall means in
temperatures rose in recent years. Our survey indicates the critical range of
temperature to be explored in a more detailed assessment and that biodiversity
(species identity) matters a lot. Overall, the data appear to match the summer freezing
tolerance known for alpine plants of the temperate zone (Korner 2003) and do not
indicate a greater frost hardiness for these high arctic plants as had been suggested
from experiments with Saxifraga oppositifolia under controlled growth conditions
(Robberecht & Junttila 1992).
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