Report on the Field Activities of the Czech Research Group in the Central
Part of the Svalbard Archipelago (I sfjorden, Billefjorden, Petuniabukta)
During the Summer of 2010

This research was conducted under the auspicée 6Btological and climate diversity of the
central part of the Svalbard Arctic archipelago’djpct, sponsored by the Ministry of
Education, Youth & Sport of the Czech Republic, BDIGLA 341 (2007 - 2010). This is an
interdisciplinary (biology and climatology) reselarproject. It is a member of the Network
for ARCtic Climate and Biological _DI¥rsity Studies (ARCDIV), an international
multidisciplinary research initiative; organizedden the auspices of the International Polar
Year (IPY 2007 - 2008). From June 18 to Septem®@t0 seventeen researchers from four
Czech institutions (University of South BohemiaGeské Budjovice - Josef Elster, Oleg
Ditrich, Tomas Tyml, Alexandr Posph, Daria Tashyreva, and Alexandra Bernardova,
Institute of Botany, Academy of Sciences of the @@z&epublic - Jitka KlimeSova, Alena
BartoSova, Tomas Hajek, Jana Kviderova, Otakam8utky, and Martina Pichrtova; Masaryk
University in Brno - Kamil Laska, Jan Gloser, Pet&czi and Denisa Witoszova; plus
Comenium Prague - Miloslav Did@ek) conducted the field researdhd. 1 and2).

Fig. L Rsarch group at the beginning of the season. Fig. 2. Research group at the end of the season.

In a manner similar to the 2009 season, the Czesbarch activities covered the following
disciplines:

1. Climatology

2. Botany (phycology, lichenology, phanerology, ananpleco-physiology)
3. Zoology (parasitology)

4. Photography, and Education

The fieldwork conducted in 2010 was focused onotaritopics, e.g.: the seasonal dynamics
of the photosynthetic and,Mixation activities of the cyanobacteriuNostoc commune s.I. in

a wet hummock tundra, under both natural and ctettr@onditions (Open Top Chambers);
the seasonal developments, photosynthetic actiaity, production of the dormant stages in
the green filamentous algag/gnema sp. and filamentous cyanobacteria, Oscillatorjales
Phormidium sp.; lichen mappingtife histories of selected vascular plant speciasyine
diversity of littoral biocenoses, including host-asite relationships; the seasonal servicing of
the automatic climatic stations; and temporary odbmatic measurements of the energy
balance in the ice-free coastal area beyond Pdtukta; etc.



Climatology

Throughout the 2010 Svalbard expedition, the metegical measurements and climate
research activities were carried out in the ice-fomastal zone of Petuniabukta (North-
Western branch of Billefjorden) from June 22 througly 2, 2010. The main objective of the
fieldwork activities was the maintenance and tecéiniservicing of the meteorological
stations, as well as the permanent study plotsddcim their vicinity Fig. 3). Moreover, a
temporary microclimate station for the measurem@nthe surface energy balance was
operated in the coastal zone of Petuniabukta far mwonths. In the middle of September
2010, the microclimatic station was dismantled ttuthe potential of damage and failures of
the highly sensitive instruments from the extrensatlier conditions expected during winter.
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Location of the automatic weather stations aldwegrtorthern coast of Petuniabukta.
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Fig.
Currently, six automatic weather stations (AWS) eperational along the northern coast of
Petuniabukta at the following locations:

« AWSL1 - an old marine terrace, at an altitude ofriL&.s.l. (operational since 2008)

« AWS2 - an old marine terrace, at an altitude ofi2&.s.l. (operational since 2008)

e AWSS3 - at the head of Hagrbye Glacier, at 67 m éogpérational since 2008)

e AWS4 - on a mountain ridge of Mumien Peak, at 47&.s1. (operational since 2008)
e AWSS5 - a hummock tundra / thufur field, altituden8a.s.l. (operational since 2009)

e AWSS6 - on Pyramiden Peak, at 935 m a.s.l. (operatisince 2009)



Fig. 4. Automatic weather station (AWS1), at the altitedd 5 m a.s.l.

Each AWS was equipped with an identical set of sent measure the air temperature and
relative humidity at the height of 200 cm, as veallthe soil temperature and volumetric water
content (VWC) at depths of both 5 and 15 cm. Addaily, an extended monitoring program
was carried out at AWSTF(g. 4.). It consisted of sensors for the measuremerglobal and
reflected shortwave radiation (used for the caloaaof albedo), photosynthetically active
radiation, wind speed and direction, air presssueface temperature of the tundra vegetation,
as well as the soil temperature profile from grolawel to a depth of 150 cm. In June 2010,
new soil temperature sensors (platinum resistamesmnometers) were installed at depths of
15, 30, 50, and 75 cm.
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Fig. 5. Variation of the daily sums for global solar raatia and daily mean air temperature at Petuniabukta
(AWS1) in the period July 2009 to June 2010.



The further analysis of climatic conditions at Pedlbbukta was based on the evaluation of
several meteorological data sets acquired from IuB009 through June 29, 2010. During
the period investigated, the mean air temperatufN&S1 was -3.6°CKig. 5). The absolute
temperature minimum (-27.8°C) was recorded on Ma&¢ct2010 at AWS1; the absolute
temperature maximum (16.2°C) was recorded on JiIYQ09. In comparison to the previous
years (2008/2009), the absolute minimum temperatccarrence was found to have occurred
3 months earlier (January 12, 2009).

For the entire period investigated, the mean glahartwave radiation was 95.1 W’m
However, the daily maximum global radiation intépseached 369 W.thon June 28, 2010
(Fig. 5). The mean surface temperature of the tundra agget(-4.0°C) corresponded to the
length of the permanent snow cover existing fordths in the coastal zone of Petuniabukta
(Fig. 6). In contrast, the maximum surface temperature rwos 26.5°C during the short
summer period (July 11, 2009).
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Fig. 6. Variation of daily mean albedo, and the volumetwater content (AWS1) at Petuniabukta, during the
period July 2009 to June 2010.

In the period from July 1, 2009 to June 29, 20&6,wolumetric water content (VWC) ranged
from 0.06 m.m™> to 0.42 m.m?® at a depth of 5 cm; and ranged from 0.0%nmt to 0.41
m®.m* at a depth of 15 cm. Furthermore, it clearly wasalalished that snow cover
accumulation strongly influenced the changes in \(Wspecially at the 5 cm depthig. 6).
In the winter period, VWC at depths of 5 and 15dnwpped to similar levels, and only varied
from 0.06 mi.m* to 0.07 m.m® (AWS1). During the summer period, the volumetriater



content can reach up to 0.43.m* at the 5 cm depth due to melt water from the retamow
patches. We found that the mean soil temperatunesgithe period investigated ranged from
-3.7°C at the depth of 5 cm; to -2.9°C at 75 cm.
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Fig. 7. The predominant wind direction w
from the S-SSE in Petuniabukta,the perioc
July 2009 to June 2010.

Botany

The analysis of the prevailing winds was based
on data from the period July 7, 2009 through
June 29, 2010. However, there were some gaps
in the data caused by snow and ice accumulation
(rime) on the anemometers. The predominant
wind direction was from the S-SSE, which
distinctly corresponded to the local orography
and the longitudinal axis of Petuniabuktd

7). The second most common prevailing wind
direction occurred from the NE sector, which
could be correlated with the location of the
Ragnarbreen Glacier in the Ragnardalen Valley,
where local (e.g. katabatic) winds exist. The
mean wind speed recorded at AWS1 was 3.9
m.s'. Furthermore, it was found that the
strongest winds blow from the NE sector,
although rarely does it exceed 20 ™.s

During the summer period (June 24 - September
16, 2010), the total precipitation measured along
the northern coast of Petuniabukta exceeded 14
mm. Most of the precipitation fell in a liquid stat
as drizzle. The maximum amount of precipitation
reached 7 mm, as recorded from August 12 to 14,
2010.

Phylogenetic and molecular diversity of cyanobacteria

For the 2010 season in Svalbard, the major portibrthe research (researcher Otakar
Strunecky) was funded by the EEA research fuldtp{//www.eea-researchfund.yz/
Cyanobacterial samples were collected at Petuntabdlongyearbyen, and the vicinity of

Ny-Alesund.

The cyanobacterial research encompasses thres:topic
1. Biogeography oPhormidium s.l. (Oscillatoriales)

2. Searches for possible non-indigenous species
3. Taxonomy of other groups belonging to Oscillat@sal

Ad 1. During 2009, we had collected, isolated, aaduenced 14 genetically-distinct strains.
Preliminary results showed that these strains grdupto two clusters dPhormidium
sequences of different geographic or/and habitgirofFig. 8). In addition, another
two genetically-distinct strains were collectednfrainder the bird cliffs. These results
outlined the necessity of gathering other straihgyanobacteria from more diverse
habitats than the streams and periodic pools.dr2010 season, more than 80 samples
were collected, with approximately 50 strains Rffiormidium. To obtain a more



detailed view of the diversity of OscillatorialeBhormidium samples wereagain
sampled from most of the shallow wetland habitag.( soil crust -Fig. 9) in
Petuniabukta and the adjacent parts of Billefjordansimilar habitats, Oscillatoriales
were also collected in the vicinity of Ny-AlesunaddalLongyearbyen.

Ad 2. Special attention was given to specimensectdd from habitats strongly influenced by
anthropogenic activities. Here, could be fouRHormidium autumnale genotypes,
which had been transported to Svalbard from varjwarss of the world. Strains had
been isolated from the Russian settlement of Pytamin Petuniabukta. Aditionally,
several samples were collected and isolated iautba of the campsite, as well as in the
vicinity of the Longyearbyen airport, as well aghim of settlement of Ny-Alesund.

Ad 3.The taxonomy of other groups of Oscillatosalich a$?hormidesmis, Phormidium
prystleyi, and Leptolyngbya was included into the field research of the 20&@ssn.
However, the precise conclusions on taxonomy ofcibléected specimens must wait
the completion of genetic analysis in the laborator

Fig. 8. Example ofPhormidium autumnale Fig. 9. Cyanobacteria soil
specimen from Petuniabukta. crust in Petuniabukta.

Seasonal dynamics of photosynthetic and N-fixation activities of cyanobacterium Nostoc
communes.l. in awet hummock tundra

The wet hummock tundra in Petuniabukta (Billefjord€entral Svalbard, High Arctic) is a
diverse and productive habitafig. 10) that serves as an important source of food for
herbivores in the local terrestrial ecosystem. TyanobacteriumNostoc commune s.l.
produces a high biomass in wet hummock tundra ralridats, forming macroscopic
colonies of filaments embedded in extracellularypatcharidesHig. 11). In the Arctic,
cyanobacteria play a key role in nitrogen cyclingge do their nitrogenase activity, allowing
for the fixation of N, which also affects the ecosystem’s primary préidacand carbon
cycle. Moisture and irradiance represent the nmapbrtant ecological factors influencing the
physiological activities of cyanobacteria. We tdsteow the Nostoc colonies respond to
seasonal fluctuations of light intensity and wagemilability (cycles of desiccation and
rewetting)in situ during the Arctic summer, June to September 20¥8. monitored their
photosynthetic activity (chlorophyll fluorescenc&nd nitrogenase activity (acetylene
reduction assay). The effects of slow desiccatioliowed by rewetting, was studied in the



fully hydrated field-grown colonies under differamadiances [{l 50, 200, and 900 pmol of
PAR nT?s™) on a table in front of the field station at anmttieemperatures. Direct sunshine,
represented by the highest irradiance level, styomthibited not only the photochemical
processes in photosystem Hig. 12 and 13), but also the nitrogenase activityig. 14) of
both the rehydrated and control (non-desiccatetnges. In summary, direct sunshine leads
to desiccation, as well as to light-induced stresgshe Nostoc colonies, resulting in an
attenuation of the biological nitrogen fixationtive Arctic wet hummock tundra ecosystem.

Fig. 10. Hummock wet tundra, with experimental site.
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Fig. 14. Nitrogenase activity of colonies studied.

Field temperature and water content (humidity) manipulation (OTC - Open Top
Chambers) and response of cyanobacterium Nostoc communes.l.

As shown above, the wet hummock tundra is a divense productive habitat. Here,
cyanobacteriumNostoc commune s.I. produces a high biomass. Moisture and tentyera
represent the most important ecological factorki@nicing the cyanobacterial physiological
activities. Since summer 2009, we have monitoreel Nostoc commune s.l. colonies’
responses to changes in temperature and moistu®d @ and control boxes (CB). In OTC
and CB, both the photochemical performance (chloytbgluorescence parameters v/Fy,
®ps, gP, and NPQ) and nitrogenase actividgether with the temperature and water content
(humidity) are monitored. One year, the microcliendata showed that the OTC manipulation
significantly changed the microclimatic conditior(&ig. 15). There are remarkable
differences in mean summer temperatures and meisietween the top and the base of the
thufurs. There are also differences between OTCG@Bdhrough the duration of a summer
season. However, one year’'s measurements did oat ahy statistically significant changes
in either the fluorescence parameters nor nitrogenactivity of the monitoredNostoc
commune s.l. coloniesFig. 16).
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Green alga Zygnema in Svalbard - seasonal development, photosynthetic activity and
production of dormant stages

Zygnema (Zygnematophyceae, Streptophyta) is a filamentgreen alga that grows in
shallow pools or on the surface of wet soils wheoan form massive mats. The genus has a
cosmopolitan distribution, including the Polar Regs. On Svalbard, it is quite abundant in
meltwater streams and pools, and therefore it esajrthe most important primary producers
of this region. The aim of our study was to invgste how the populations develop
throughout the season, with respect of their celisrphology and photosynthetic activity,
measured by the chlorophyll fluorescence method. ifeestigation lasted for almost three
months (mid-June to mid-September). Soon aftestizav melt, the study sites turned green,
as mats oZygnema quickly overgrew the newly developed pools. Altthge, 4 sites were
chosen, and in each of them we marked out 20 seb-sising glass rings. Chlorophyll
fluorescence measurements, as well as microscéysiergations of the biomass were carried
out nine times during the investigation period, @mdarious weather conditions. Each time,
samples of the biomass were taken, and fixed wih f8rmaldehyde, for subsequent
morphological evaluation. In addition, the wateuviljstemperature and irradiance also were
measured. Towards the end of the growing seasone sif the sites became completely
desiccated, as meltwater was no longer availahl@dHition, freezing during the nighttime
occurred repeatedly, starting from the end of AugAdter this, the biomass changed its
appearance from mucilaginous bundles into crustdikns (Fig. 17a,b). The highest value
measured for the maximum quantum yield (Fv/Fm) @&& for population No. 1, 0.58 for
No. 2, 0.65 for No. 3, and 0.6 for No. 4. Howewuérs value was measured after keeping the
biomass in darkness for 8 hours. Under natural itond, where the irradiance reached to
1500 pmol rif s?, the quantum yield was always much lower; showirag #uch conditions
are rather stressful for the alga, and that it 3akeem quite a long time to recover.
Interestingly, the cells afygnema retained their viability and photosynthetic adgveven at
the end of the season - when the biomass was phatigcated, and had already undergone
several diurnal freezing-thawing evenig. 18). The morphology and its changes during the
season are currently being evaluated, and will lempgnt the fluorescence data with
information about the possible occurrence of spieeid dormant stages at the end of the
summer season.

Fig. 17. Sampling site 3 on (a) July'dand (b) September 13
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Fig. 18. Graph showing measured values of the fluorescpac@meter Fv/Fm on Septemb&r Bhe X-axis
shows the time since the biomass had been coll¢atetiput into darkness).

Seasonal development of cyanobacterial Phormidium-dominated biofilms

Phormidium belongs to the non-akinete-forming filamentousnofscteria (Oscillatoriales),
which are very common in both Polar Regions. InAdnetic, Phormidium occupies various
types of wetlands including seepages, shallow p@tlsams, as well as wet soils and rocks.
They are one of the most abundant photosynthetjamsms, and often accumulate a great
biomass in the form of thick biofilms and crustery well-known are the numerous stresses
that High Arctic habitats are characterized by. iDuirthe year, they undergo numerous
freezing-thawing and desiccation-rehydration evemrts well as having to grow under
significantly different levels of temperature andadiance.Phormidium flourish in this
environment without having any resting cells susha&inetes, with their enhanced stress
resistance. Therefore, this genus should have aith@ptations displayed in its morphology.
Most probably, these adaptations would become avidethe end of the vegetative season,
due to their preparations for overwintering. The aif this study was to observe the seasonal
changes in photosynthetic activity and the morpgyplof cells in the natural population$
Phormidium-dominated cyanobacteria. We made the assumptainttle seasonal alteration
of such abiotic factors such as temperature, iarach, and water availability could have an
effect on both the cell’s morphology and physiotagistate. We had expected that cells of
cyanobacteria would undergo modifications at thd eh vegetative season, due to their
transition to a more resistant state at that tifoe. our studies, we chose 3 sites represented
by meltwater streams (2 sites) and shallow poolsiid) in close proximity to the Czech
Arctic Research Station (West Spitsbergen). On e&dhe 3 sites, we placed 20 glass rings
(Fig. 19) to mark the areas for repeated examinations.ngutie vegetation period (from the
middle of June to the middle of September), wenestied the photosynthetic activity of the
cyanobacterial populations with the help of theoohyphyll fluorescence method. The study
consisted of four measurements of fluorescendeeabéginning of the vegetative season (end
of June), and four measurements in September. &Atdime time, we collected some of the
biomass and fixed it with a 3% solution of formdigide for microscopic examination. Also
recorded, were the presence of water at the sitessemperature of the air and biomass, as
well as the rate of irradiance. We observed thatsites were flooded with meltwater at the
beginning of vegetative season (in June), and theterwent several drying-rewetting and
freezing-melting episodes at the end of the seésary September). However, there was no
clear trend in the development of the cells acemydio their present state (partially dry,
frozen).
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Fig. 19. Phormidium populations (Site 6) on (a) June™3(b) September’¥ and (c) September 15

We found that the morphology of the cells and figauts were quite uniform in early summer
(second half of June); most of the filaments passegs/ery thin sheaths and had a slight
granulation. A proportion of those filaments, witthogranulation, were enclosed in a
moderately thick sheath and others were brokenshtst fragments. There were no evident
differences between the circles at one localitythfd end of vegetative season there was a
great variability within a small area, probably dige the heterogeneity of microhabitats
(vertical distribution of water and nutrient availiy, illumination, etc.). Therefore, it would
be useful to observe the vertical structure of ¢chests. It was quite difficult to quantify
different kinds of cells and filaments, since therere a great number of various different
qualitative and quantitative features such asptiesence and thickness of the sheaths, length
and width of cells and filaments, degree of grammta etc. However, the general trend is
consists of the following: a huge number of tharfients are broken into hormogonia. Most
of the unbroken filaments were enclosed in muctk#r sheaths, when comparing to those in
June. In some portions of the crust, most of thamients possessed a very prominent
granulation, and these granulated cells were theviable cells in these portionki@. 20).
Filaments with granulated cells are of particutgerest for us, since we have observed very
similar types of cells under laboratory conditioMature cultures ofPhormidium isolated
from cold regions and cultivated for several morghsboth agar and liquid media contained
such filaments.

The interpretation of the fluorescence data waspticated, and we found that the (Fv/Fm)
parameter selected does not reflect very well gasanal changes in photosynthetic activity.
This is due to the presence of phycobiliproteimghtiharvesting pigments, which have a
strong fluorescence but do not drive the photossgith Towards the end of the vegetative
season, the Fv/Fm increases with a simultaneousa®e in Fo fluorescence. Most probably,
it indicates a lowering of the phycobiliprotein ¢ent. It is well known that cyanobacteria can
use their phycobilisomes as a source of nitrogeteunonditions of nitrogen depletion. Thus,
these measurements enabled us to assume that fpmpaikexperiencing a lack of nitrogen at
the end of vegetative season might be a triggeddomancy. In order to prove the decrease in
phycobiliprotein content, we need to analyze thateat of nitrogen in early summer and late
autumn samples, as well as to perform electronaseapy. Photosynthetic assessments can
also be performed using several different protogoff®tochemical quenching). In addition, it
will be useful to combine these measurements witbréscent staining and microscopy
(SYTOX Green, CTC) in order to learn the physiotadi state of individual cells.
Furthermore, it is important to focus on laboraterperiments and test for which kinds of
cells are responsible for survival of the stressfohditions, since we are able to obtain
hormogonia, young log-phase, as well as older.cells
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Fig. 20. Morphology of filaments (a) at the end of Junec,@) in the middle of September, and (e) in a meatu
Phormidium culture isolated from the Arctic.

L ichens ecophysiology

Our fieldwork in June and July 2010 was mainly feeth on the epipetric lichen communities
growing along the west side of Petuniabukta fronmklibukta to Horbyadalen, as well as in
different altitudinal zones from the seashore te Hummits of Pyramiden and Mumien.
Samples of coriaceous species were collected ikl pieces of rock (on which they were
growing) for the determination and measurement tedirt structural and physiological
characteristics in the laboratory. The evaluatibthe samples has yet to be completed, but
some preliminary observations can be presented. bibéiversity and abundance of the
epipetric lichen flora decreased along the stutti@adsect from the east oriented slopes of the
Pyramiden Peak to the slopes of Svenbrehogta. Apaaative study was performed in a
longitudinal direction on similarly exposed boulsl@f sandstone, at elevations from about 50
to 100 m above sea level. A very sharp decreabetbfthe abundance and number of species
was also found along the vertical dimension (frowa $eashore to the top of Pyramiden Peak),
particularly above an elevation of about 500 ml.alhe monumental, freely exposed rock
cascades around the summit above 850 m a.s.l., aberest without any lichens, despite
relatively favourable climatic conditions (frequéags during summer, no snow cover during
the winter, and no long periods of extreme fraSe of the possible causes of the absence of
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the lichen could be the rather rapid weatherinthefvery porous, relatively young sandstone
rock materials of the summit cascadéig( 21). The detrimental effect of sandstone
weathering on lichen persistence was also quitibleisipon lower-situated rock walls (about
400 m a.s.l.) at the eastern slopes of Pyramidek eg. 22). On the other hand, the firmer
red sandstones in the Ferdinandbreen Valley, pipbdetm the carboniferous geologic era,
were well colonized by lichens, including some ditdiz species Fig. 23). The
microclimatic variables along the two transects tiogred were permanently monitored (year
round) using sets of sensors and dataloggers @tailsl see the climatology report). The
samples of lichens collected, as well as the diffetypes of rocks bearing epipetric lichens
were used for laboratory measurements of the sieetiiectance, in both their wet and dry
state. The measurements were done with a UNISP#&Etametric set (PP Systems, USA)
equipped with a MMS1/NIR enhanced (300-1100 nmgdet with an internal light source
(halogen lamp) and bifurcated foreoptics with acigdeclip for its orientation at a 60° angle to
the sample plane. To calculate the spectral reffeet, scans of the reflected radiation from
the samples were divided by scans of a 99% reflectandard. The following reflectance
indices were derived from the spectral reflectatues (R denotes the reflectance, and the
subscripts refer to the specific spectral wavelesigt
« normalized difference vegetation index, NDVI dfRss0) / (RoootReso)-
« structural independent pigment index, SIPI g,{fR445) / (Rsoo-Res0)-
» water index, Wil = RdRo70

The measured structural characteristics of the Emmgwater saturation deficit,
chlorophyll content) were determined. Detectiorthed structural and physiological status of
all of the tested lichen species, using spectrid¢amance analysis, was sufficiently reliable
within a broad range of intrathalline water defieg;, and even with a high content of
photoprotective metabolites in the upper corte>e NDVI index was sufficiently suitable for
an assessment of vitality and chlorophyll contenthe lichen photobionts. The reflectance
signal in the near-infrared region (at 970 nm) Wasd to be the most reliable water status
indicator for the lichen species tested. The speo#flectance of the different types of rocks,
as well as the reflectance of dead lichen thali helatively contrasting features in the red
and near-infrared regions. These differences cbeldsed for the detection of those areas not
covered by lichen, and therefore, for vital lichewver densities at the field sites, by using
suitable imaging sensors for sampling on largelesca

% 2 53 . &
Fig. 21. Porous sedimentary rochkyith Fig. 22. Very firm gartzitic intrusions ar
many fossil fragmentsat the top of thi always more densely colonized by epipe
Pyramiden PeakSome microscopic lichel lichens than wathe surrounding sandsto
could be found onlyn the most protecte rock, which is more susceptible to erosion.

crevices.
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Fig. 23. Colony of predominantly endophytic lichens, growion large boulders in the Ferdinandbreen
Valley.

Palaeoecol ogy

The study was focused on the analysis of macraléogmllen, as well as other micro and
macro objects found in the samples (tardigradesnimifers, etc.) Kig. 24). Investigations

of the lacustrine sediments from the tundra lakestloer waterlogged sediments provide data
for a reconstruction of the vegetation’s respomsedst local events. The uniqueness of the
Arctic sediment records are even greater due ttietliat this area had been protected from
human impacts until very recently. The palaeoeaoldgesearch is related to last year’s
work. It was focused on terrain prospecting, thdlecting of plants and seeds for the
reference collection, and making peat cores fotyaiga The cores were dug down with a
spade until the gravel terrace (or impenetrablenpéost) was reached. A profile was directly
sampled from the core-side and then placed intstiplaags. The volume of each sample was
approximately 300 ml. A list of recent vegetati@mumd around each sampling location was
recorded. This sampling was intended to obtain temfdil cores, in order to create more
reliable results, as well as for use as referemmaparisons. Prospecting for new suitable
materials was done at Mathiesondalen, which isllyotdifferent from the rest of
Petuniabukta, geologically. Unfortunately, the ssehts were mixed due to periglacial
events. Additionally, two cores of lacustrine seditts were obtained near Skottehytta (the
Polish research station). The basal core sedimmh fthe lowest terrace obtained the
previous year was radiocarbon AMS dated to 588TBF5(cal.). That data corresponds to the
results of the Polish geomorphologists, as webleag in accord with the radiocarbon dating
of the geological materials; the upper terraceddcde correlated with a younger glacial
episode at 9 - 8ka BP (Stankowski 1989). The sintgnded to reconstruct the changing
biotic conditions of three small periodic lakesdted within the system of raised marine
terraces at Ebbadalen, Billefjorden area on Svdlljahere the hydrologic, hydrochemical,
and sedimentologic conditions already have beeesiinyated by researchers from Adam
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Mickiewicz University in Pozn@ Poland). The existing results from the analydighe
macrofossils and pollen show a continual vegetatemord, with minimal changes since the
terrace was uplifted. In the samples prepared fatep analysis, eggs and exuvies of
Tardigrada were found. Arctic conditions are venyitable for preserving remains of
tardigrades in the sediments, and it opens up apwssibility of how to improve our results.
At "Walton's marshes" in Adolfbukta, a 72 cm deepecwas obtained last year. Radiocarbon
dating revealed the age at the base to be 9QUZ BC. Another core, over 50 cm deep, from
a nearby lower terrace was obtained to compardassl record from the vicinity, and to
have proper materials for an outline of the seall@hanges during the past. Walton’s
sampling area from 1929 was reconstructed, as well.

F|g 24, Egg ofMacroblotus hufelandl

Life histories of two arctic co-occurring hemipar asitic plants. Pedicularis hirsuta and
Pedicularis dasyantha

Hemiparasitic plants are a type of plant which piitge by means of special root organs onto
the roots of other plants (instead of building theeavn root system). Via these connections
they obtain their water and nutrients. This is eyweseful strategy in the nutrient-poor Arctic
plant communities; however, here root connectiomsemndangered by frost heave. On
Svalbard, we found two hemiparasitic plants to hdespreadPedicualris dasyantha and
Pedicularis hirsuta. Both species are very similar in habit, and simdammunity habitats
were dominated byDryas octopetala. The aim of the field study was to find possible
differences between the two species in both tha&mitht demands and their life history. Per
species, about 100 individuals were sampled; tivercand identification of the surrounding
vegetation assessed, and the growth parameténs pfants measured. PlantsRofdasyantha
were generally bigger; they have longer leavekertaiflorescences, and fewer shoots than do
plants ofP. hirsuta. The size of the plants in both species is largader the shelter of large
stonesP. dasyantha occurs on drier places, nearly always closPryas octopetala; whereas

P. hirsuta occurs in wetter places, usually found togetheh\&#lix polaris. However, both
hemiparasitic species do not accompany their paldmbsts at the most extreme (dry or wet)
locations. Both species have preformed budg. 25) for the next year, which are protected
by the base of the current year’'s green leavesh Bpecies are perennial, and can flower
more than three times per lifetime. In both spedies average age was about three and a half
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years, and the oldest individuals were about sgeans old. Although, the overall size of the
plants increases throughout their lives, the sizandividual shoots diminishes as their
number increases; this effect is especially prontime P. dasyantha, which shows a larger
size requirement for flowering. Small shoots, n&crooot systems, and sterility are typical
for old plants; and also are probable reasonghfair mortality.

i -
! R I [

Fig. 25. (a) generative and (H) vegetative apical meristeRedicularis dasyantha.

Growth and life-history characteristics of selected vascular plants

There is an assumption that the spe@eaya purpurascens is unable to complete its life
cycle in the same season when it is flowering. byestr, a transect was established, along
which all specimens of this species were recordibda year, the phenological status of all of
these specimens was repeatedly evaluated at theofetite vegetation season. The main
finding was that the species is able to set seedbe year of flowering. Herbivorous birds
destroyed some of the specimens. Additionallyudystransect was established last year, and
divided into five parts according to both dominand co-dominant species, as well as the
geomorphologyCarex subspathacea (thufurs; 13 - 15 m a.s.l.lfassiope tetragona (terraces;

15 - 66 m n. m.)Saxifraga oppositifolia + Dryas octopetala (upper terrace, exposed to the
wind; 66 - 87 m n.m.)Dryas octopetala + Salix polaris (scree slope, consisting of debris with
slope up to 35°; 87 - 153 m n.mSalix polaris (scree slope, consisting of debris with slope
greater than 35°; 153 - 222 m n.m.). 10 speciméisalox polaris and 15 oDryas octopetala
were collected from each area (if the species oeduthere), and these samples will be
subjected to tree-ring analysis.

M easur ements of daily cour ses of primary photosynthetic processesin three species of
vascular plants (Silene acaulis, Dryas octopetala, and Salix polaris) and lichen (Peltigera
p.)

a

Within the Svalbard 2010 expedition, plant physgiéts carried out comparative

measurements of daily courses of primary photogfitthprocesses in three species of
vascular plants. We extended the long-therm stadig tof last season (July 2009) to analysis
of daily courses of poikilohydric lichens. The ma@sg instruments were installed in the
vicinity of the Petunia hut, located in the PetuBay. A fluorometric device, using the

method of repeated saturation with light pulses agdied, to measure daily courses of the
photosynthetic processes. The pulses were applidteiactual physiological state of a plant,
i.e. in the light-adapted state, reflecting the actualoant of incident photosynthetically

active radiation. In this way, the quantum yieldobbtosynthetic processes in photosystem |l
(effective quantum vyield®PSIl) was measured. For the measurement we usedy han
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Fig. 26. Selected typical partly cloudy day daily course aif above-specified period,
temperature, relative air humidity, photosynthdljcactive radiatior ~diurnals of photosynthesis
(PAR) and corresponding effective quantum yieldtfoee plant specie were recorded for three
(Sllene acaulis, Dryas octopetala, Salix polaris). basic weather types: (a)

fully overcast day with precipitations, (b) pardpudy day, and (c) fully sunny daki@. 26).
From a microclimate point of view, the data on leathperature for the three different species
are interesting. The leaf temperature reached damum of 2.4°C and a maximum of
25.1°C For lichens, the daily photosynthetic activity ieoagly affected by air humidity and
temperature — the key limiting factors for poikijahic organismsKig. 27). From the data
analysis of daily courses of microclimatic condigoand effective quantum yield Hilene,
Dryas and Salix seems to be the effect of changing temperature andhumidity on
photosynthetic processes more important than lgvielcident light even for higher plants.
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Zoology

Parasitological research

The parasitological portion of the project contidwath studies of the littoral biocenoses and
host - parasite relationships:

1.) Study of the host-parasite interactions betwikewes of the genu&ymnophallus and the
intermediate hodWlya truncata. Study of the life cycle of this fluke (we havetaibed
permission to dissect 3 specimensSanateria mollissima - the potential definitive host; 3
other birds were accidentally captured in the fetbh

2.) Study of other helminthes found in fish ancestdd invertebrate hosts.

3.) Isolation of amphizoic amoebae from the tissafasarine animals, as well as from
environmental samples.

4.) Examination of the tissues and organs of seteeertebrate and invertebrate hosts with
the objective of histological studies of parasftesn the groups Myxozoa, Microsporidia,
Ciliata, and Amoebae.

Materialsfor parasitological examination:

The fish and birds were parasitologically dissecteth special attention paid to flukes and
tapeworms. Tissue samples from selected organssaemnpled for histological examinations.
The invertebrate hosts were dissected, using tiipassion method, and the parasites were
fixed for both morphological and molecular studiese numbers of animals dissected in
2010 can be found inab. 1 and2.
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Tab. 1. Invertebrates dissected.

host species N° dissected
Mya truncata 226
Hiatella arctica 101
Serripes groenlandica 8
Littorina saxatilis 56
Euspira pallida 13
Buccinum sp. 108
Dendronotus robusta 14
Gammarus sp. 168
Hyas sp. 58
Pagurus pubescens 13
Sclerocrangon sp. 2
Strongyl ocentrotus droebachiensis 2
Marthasterias glacialis 2
Urticina felina 2
Mertensia ovum 24
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Tab. 2. Vertebrates dissected.

Host species N° dissected
Myoxocephal us scorpius 145
Gymnocanthus tricuspis 73
Triglops murrayi 4
Lumpenus lampretaeformis 28
Clupea harengus 18
Hippoglossoides platessoides 12
Polachius virens 3
Boreogadus saida 2
Salmo salar 1
Somateria mollissima 2
Anser brachyrhynchus 1
Cepphus grylle 1
Fulmarus glacialis 1
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Selected results:

Parasitic flatwor ms

Acoel flatworms of the gentroporus (Fig. 28) were found irMya truncata. Although this
flatworm has long been considered as a commengatgsults revealed its parasitic nature.
We have found it in more than 72% of tiga truncate, and in no other species of bivalve.
The histological sections proved their presendéénnner organs (hepatopancreas) and the
reaction of the tissue&ig. 29).

Fig. 29. Hepatopancreas dfya truncata with Proporus sp.
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Manipulation of Mya truncata by the fluke Gymnophallus sp.

Bivalve molluskdvlya truncata andHiatella arctica retract into the bottom sediments in order
to avoid predator attack. However, some of the nsol stay exposed on the sediment
surface. Fig 30).

Fig. 30. Mya truncate, (a) hidden in the sediment, and (b) exposed erstinface.

During the parasitological examinations of bivalvesgeted at the larval stages of flukes,
specifically Gymnophalus sp., we noticed significdifferences in the prevalence of hidden
and exposed host$ ¢b. 3).

Tab. 3. Differences in the prevalence Gymnophalus sp., in hidden and exposed bivalves.

N° of molluscs dissected/

positive for Gymnophallus sp. hidden exposed
Mya truncata 87/41 78177
Hiatella arctica 39/4 16/4

Very probably, this parasite manipulates the bedrani its intermediate hosts in order to
increase the probability of their predation by dedinitive hosts, which are probably the
eiders Gomateria mollissima). This strategy probably works in spite of thet fdat the
exposed bivalves are the prey of other predatsraedl (snailsBuccinum spp., and sea stars
Marthasterias glacialis).
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Par asites of birds

In order to find the definitive host @ymnophalus sp. from the bivalves we intend to dissect
common eidersomateria mollissma), and describe their adult flukes. The capturifithe
eiders was an unexpected problem as fulnfauBrarus glacialis) spoiled the bird nets above
the seashore, because largely they were caughteutionally. In the end, we dissected only
2 eiders instead of the 3 permitted. However, yrargpphalid flukes found in their intestines
were not adult. Small juvenile flukes were hidderthe crypts of the colorF(g. 31).

Fig. 31. Juvenile gymnophalid fluke, in the colon cryptSofmateria mollissima.

Besides the gymnophalid fluké2ofilicollis botulus (Acanthocephala) antetrabothrium
sp. (Cestoda) were also found in the eider’s imest Tethrabothriid cestodes were found in
Anser brachyrhynchus, Cepphus grylle, andFulmarus glacialis, as well
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Morphological and phylogenetic studies of amphizoic amoebae

In 2010, from marine organisms 31 isolates weraiabt, and 25 from fresh water
environments. They were cultivated in cultures vagicteria, and their morphology was
studied using both light microscopy and transmis&ilectron microscopy. A phylogenic
study using SSU rDNA is planned in the near futG@me strains isolated in previous years
are shown in following figures

PET1V
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robusta
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Arctic photography

Intensive photo documentation of the wildlife aedearch activities was implemented during
the 10-week period of Arctic Summer in the Billefjen area. Professional photography
equipment and advanced techniques were used intordapture more than 60 000 photos.

Several different types of Czech Arctic Researclrewdocumented, as well as field
equipment such as the meteorological stations, -tgenchambers, and some of the
experimental areas.

The marine invertebrates and fish were photographedquariums and in special glass
chambers (in the case of smaller animals). A coatlon of natural light plus two flashes was
usually used, with the emphasis on capturing thieeatic colours of the living specimens.

Photos of the landscapes were taken under diffevegdither conditions, as well as
documentlng the changes of the t|p of the Nordeulrd;kceberg
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Special equipment was used for the high-magnificathacrophotography of living animals
directly in the field. Attention was paid to theptaring of different species of springtails
(collembola) in diverse environments.

-

Various types of behaviours of both wild birds andmmals were documented, including
adult animals with their offspring, birds in flight hunting, as well as their feeding activities.

The effects of growing tourism were monitored, utthg the developments of an accidental
fire in Brucebyen, which was recorded using a tlapse technique. These photos were used
for the police investigation.

The Russian coal-mining settlement at Pyramidenabasidoned in 1998; but retaken by the
wildlife. Now, there is an effort to rebuild thewa into a tourist centre. Therefore, 2010 may
be the last chance to take photos of this towmimst with almost no human presence.

A wider selection of photographs has been publishednline at
www.photographypospech.copand others are in preparation for species détatrons, as

well as for publication in magazines and other raedi
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