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ABSTRACT

For years considered pristine, glacial ecosystems are attracting more attention of biologists from
various branches in last decades. Moreover, they are currently considered to be ecosystems
forming the coldest biome on the Earth. The life on glaciers ranges from viruses and bacteria
to highest consumers such as few groups of microinvertebrates. The most common are
tardigrades (phylum Tardigrada) and rotifers (phylum Rotifera) which inhabit cryoconite holes
on the glacial surface. Several studies highlight the importance of the role of these consumers.
However, due to the dominance of prokaryotes on the glacial surface, these microinvertebrates
are usually out of the major scope of most studies aiming at biological processes. The present
study shows pioneering results on the isotopic composition of tardigrades and rotifers, which
are the top consumers in cryoconite ecosystems, and is a foundation for the exploration of
trophic pathways and interactions within cryoconite holes using elemental and stable isotopic
analyses. It also presents information about the species composition of tardigrades and rotifers
on different glaciers and in different parts of the ablation zone. We identified 5 species of
tardigrades (Hypsibius sp., Hypsibius cf. dujardini, Pilatobius sp., Isohypsibius sp. and
Cryoconicus kaczmareki) and 2 species of rotifers (Macrotrachella sp. and Adineta vaga) from
three glaciers in Billefjorden (Svalbard). Furthermore, we found differences in species
composition, body size and buccal tube length of tardigrades between glaciers and between
different parts of the ablation zone. As a major part of the project, we analysed isotopic and
elemental composition of tardigrades, rotifers and organic matter from cryoconite with a
modified method of separation of animals from the sediment which excluded additional
chemicals. Measured isotopic values showed that tardigrades have significantly lower §'°N
values than rotifers. The §'°C values showed similarities between animals from similar glaciers
and similar parts of the ablation zone. We also measured the §'°C and §'°N values of organic
matter within cryoconite (potential food for consumers) which revealed that the dominant

component of cryoconite organic matter can be a food for rotifers but not for tardigrades.

Keywords: glacial ecosystems, High Arctic, elemental composition, ecological stoichiometry,
stable isotopes.



ABSTRAKT

Ledovcové ekosystémy, dlouhou dobu povazované za nedotfené, pfitahuji v poslednich
dekadach stale vétsi pozornost biologl nejriznéjsiho zameéteni. Vedle toho jsou téz povazovany
za ekosystémy tvorici nejchladnéj$i biom na Zemi. Zivotni formy na ledovcich zahrnuji
organismy od virti a bakterii az po vrcholové konzumenty, mezi které patii nékolik skupin
drobnych bezobratlych zivocichii. NejcastéjSimi z nich jsou zelvusky (kmen Tardigrada) a
vifnici (kmen Rotifera), ktefi obyvaji kryokonitové jamky na povrchu ledovct. Nékolik studii
jiz vyzdvihlo vyznam téchto konzumentl, pfesto kviili dominanci prokaryotnich organismu
v daném prostfedi vétSinou stoji mimo hlavni zijem vétSiny védeckych praci vénovanych
biologickym procesiim. Piedkladana diplomova prace ptindsi svého druhu prvni vysledky
o izotopickém slozeni zelvusek a virnikd, ktefi jsou vrcholovymi konzumenty v ekosystému
kryokonitovych jamek. Zaroven jde o prvotni snahu o detailni vyzkum trofickych vztahi
v kryokonitovych jamkach za vyuziti prvkovych analyz a analyz pomért stabilnich izotopu.
Prezentovany jsou dale udaje o druhovém slozeni zelvusek a vifnikli na raznych ledovcich a
v ruznych castech jejich ablac¢nich zén. Ve vysledku jsme na tfech ledovcich situovanych
v oblasti Billefjorden (Svalbard) dolozili ptitomnost 5 druhii zelvusek (Hypsibius sp., Hypsibius
cf. dujardini, Pilatobius sp., Isohypsibius sp. a Cryoconicus kaczmareki) a 2 druhl viinik
(Macrotrachella sp. a Adineta vaga). Kromé toho jsme nalezli rozdily v druhovém slozeni,
velikosti téla a délce bukalniho aparatu zelvusek mezi témito ledovci a mezi riznymi ¢astmi
jejich ablaénich zon. V rdmci nejzasadnéjSi ¢asti projektu jsme vyhodnotili izotopické a
prvkové slozeni zelvusek, viinikli a organické hmoty obsazené v kryokonitu, a to za vyuziti
uzpisobené¢ metody separace zivocichli z kryokonitu, kterd neni zaloZzena na ptidavku
chemikalii. Ziskané vysledky ukazuji signifikantné niz$i hodnoty §'°N u Zelvusek nez u virnik®.
Hodnoty 8'3C jsou u obou skupin u konkrétnich ledovcti a u konkrétnich ¢asti abla¢nich zén
podobné. Déle jsme zméfili hodnoty §'*C and §'°N u organické hmoty obsazené v kryokonitu,
ktera je potencialnim zdrojem potravy uvedenych konzumentd. Z vysledkd vyplyva, ze
dominantni sloZka organické hmoty v kryokonitu mize byt zdrojem potravy vifnikd, nikoliv

vSak zelvusek.

Klicova slova: ledovcové ekosystémy, Arktida, prvkové slozeni, ekologickd stechiometrie,

stabilni izotopy.



1 General Introduction

1.1 Introduction to Ecology of Glacial Ecosystems

Glacial systems are probably one of the most rapidly changing systems on our planet
(Oerlemans 2005). Due to the dynamic character of these ice masses, they are one of the key
indicators in observations of climate changes (Williams and Ferrigno 2012). Moreover, they
host various forms of organisms, especially within cryoconite holes (Hodson et al. 2008,
Zawierucha et al. 2015a). As biogeochemical reactors, glaciers are capable of altering processes
in recently deglaciated areas in glacier fore-fields and in downstream coastal and marine
ecosystems (Bardgett 2007, Foreman et al. 2007, Hodson et al. 2008, Hood et al. 2009). In this
study we focus on glacial microinvertebrates, which were recently recognized to be an
important factor influencing the nutrient pathways and community structures among cryoconite

holes of various glaciers (Vonnahme et al. 2016, Zawierucha et al. 2018a).

Glaciers are oligotrophic ecosystems with an input of nutrients restricted to atmospheric
deposition, weathering of mineral dust, aeolian deposition, autochthonous recycling and locally
also bird guano deposition (Benassai et al. 2005, Hodson et al. 2005, Stibal et al. 2008a, Anesio
et al. 2009, Xu et al. 2010, Telling et al. 2011, Edwards et al. 2014, Vonnahme et al. 2016). The
variability of sources can be amplified by strong seasonal changes (Stibal et al. 2008a, Telling
et al. 2011). Adjacent areas of glaciers can vary a lot in terms of geology, vegetation and stage
of soil development. Thus, the proportion of allochthonous matter brought to the glacial surface
can cause differences in the composition and structure of material and biota (Marshall and
Chalmers 1997, Stibal et al. 2008a, Grzesiak et al. 2015).

Cryoconite holes (Fig. 1) are small ponds formed by sediment (hereafter cryoconite — from
Greek kryos — icy cold and konis — dust, named by Nordenskiold (1875)) which melt into the
glacial surface due to the low albedo and differences in albedo of surrounding ice surface under
radiative weather conditions (Takeuchi et al. 2001a). The diameter and depth of holes are
noticeably variable, but both usually range from a few centimetres to tens of centimetres
(Gerdel and Drouet 1960, Fountain et al. 2004, Zawierucha et al. 2019b). Cryoconite consists
of inorganic (mineral particles) and organic matter (Takeuchi et al. 2001a, Takeuchi et al.
2001b). The organic component of the sediment contains bacteria, cyanobacteria and algae,
which provide a source of nutrients for consumers, mostly tardigrades and rotifers (De Smet
and Van Rompu 1994, Takeuchi et al. 2001b, Porazinska et al. 2004, Devetter 2009,
Zawierucha et al. 2015a). Cryoconite also harbours a rich pool of dead organic matter of
allochthonous (e.g. wind-blown plant fragments) and autochthonous (mostly microbial) origin
(Takeuchi et al. 2001a). Therefore, cryoconite holes typically form the most nutrient-rich and

biologically active habitats within the supraglacial environment (Stibal et al. 2006, Hodson et



al. 2008, Cook et al. 2016, Nicholes et al. 2019) and, due to the truncated food webs and

restricted sources, appear to be a good model in studies of the ecological relations.

The elemental composition (C:N:P, carbon:nitrogen:phosphorus) of food sources (primary
producers, allochthonous organic matter), consumers and decomposers are strongly linked to
each other (Sterner and Elser 2002). As an illustration of possible interactions (neglecting the
complexity of ecosystem’s interactions), we can use a simple planktonic community where
consumers elemental composition can have either high N:P or low N:P. If high N:P consumers
are dominant, phytoplankton tends to be N depleted, if low N:P consumers are dominant,
phytoplankton tends to be P depleted (Sterner and Elser 2002). Similarly, bacterial communities
which utilize detritus are affected by the stoichiometry (C:N:P) of the detritus. When the
detritus is N depleted, bacterial communities retain N, discharge more P and vice versa (Sterner
and Elser 2002). Cryoconite holes represent a great habitat for studying these ecological
relationships due to their truncated food webs and simplified system proxies compared to
temperate habitats (Sdwstrom et al. 2002, Cook et al. 2016). However, it is necessary to take
into consideration that cryoconite holes (as well as other systems) probably have multiple
limiting factors and are also affected by co-limitations of nutrients and abiotic factors (Mueller
and Pollard 2004, Sdwstrom et al. 2007)

1.2 Tardigrades and Rotifers from Polar Ecosystems

Tardigrades and rotifers are microscopic invertebrates commonly found in terrestrial (e.g.
mosses, soil, lichens) as well as aquatic habitats (e.g. marine and freshwater sediments, littoral
zone with submerged plants and biofilms). As a result of the their evolutionary history, high
tolerance of unfavourable conditions, small sizes and long-range dispersal capability (Jenkins
and Underwood 1998, Jergensen et al. 2007, Fontaneto et al. 2008, Nelson et al. 2015,
Fontaneto 2019), they inhabit a variety of environments, even those with extreme conditions
such as deep-sea sediments, polar deserts, nunataks or glaciers (Dastych 1985, Ayres et al.
2007, Zawierucha et al. 2013, Zeppilli et al. 2013). Tardigrades and rotifers play an important
role at multiple trophic level as carnivorous, herbivorous, omnivorous and microbivorous
species (Hallas and Yeates 1972, Kutikova 2003, Guidetti et al. 2012, Guil and Sanchez-
Moreno 2013). In polar ecosystems (e.g. tundra soils, glaciers or on nunataks) tardigrades and
rotifers are dominant, or even the only metazoans and representatives of the highest trophic
consumers (Convey and Mclnnes 2005, Zawierucha et al. 2015a, Zawierucha et al. 2016a).
Moreover, their species diversity in these systems is surprisingly high (Maucci 1996, Garey et
al. 2008, Fontaneto et al. 2015, Zawierucha et al. 2015a). However, information elucidating
their occurrence in polar systems remains poor. There are two major opinions discussing their
distribution and colonization of polar regions: 1. they are migrants which reached polar habitats
by wind and adapted to polar terrestrial and freshwater ecosystems after ice recession; 2. they
survived in refugia and expanded to surrounding habitats (Coulson et al. 2014).



To survive low temperatures, periodic freezing and high exposition to UV radiation, tardigrades
and rotifers use a mechanism known as cryptobiosis (ametabolic dormant state) which includes
protection against low temperatures (cryobiosis) and lack of water (anhydrobiosis), plus they
are also resistant to starvation (Semme 1996, Ricci 2001, Bertolani et al. 2004, Watanabe 2006,
Altiero et al. 2011, Guidetti et al. 2011, Bonifacio et al. 2012, Marotta et al. 2012, Zawierucha
et al. 2015a, Giovannini et al. 2018). Furthermore, they have resistant resting stages and eggs
which help them to survive when water is absent or frozen (Dumont 1983, Nelson et al. 2015).

In polar ecosystems, tardigrades and rotifers represent a large component of microfauna in
tundra and are the dominant metazoans inhabiting cryoconite holes (Klekowski and Opalinski
1986, Zawierucha et al. 2015a). However, due to the strong selective pressure caused by various
abiotic factors including low nutrient concentrations, the glacier surface is inhabited by a
limited number of tardigrade and rotifer species (Zawierucha et al. 2015a, Zawierucha et al.
2016a, De Smet and Van Rompu 1994). As the top consumers of cryoconite holes, tardigrades
and rotifers play a significant role in nutrient recycling, contributing to the local community
structure (Vonnahme et al. 2016, Zawierucha et al. 2018a). Data on the elemental and isotopic
composition of these invertebrates, which are crucial for the description of their trophic position

and interactions within the food web in the cryoconite hole’s ecosystem, are however lacking.

1.3 Study Area

The Svalbard archipelago is one of the northernmost territories in the Northern Hemisphere.
Approximately 60 % of dry land is covered by glaciers and the climate is relatively mild due to
the warm ocean currents from the North Atlantic Ocean. Svalbard is also known to have higher

annual precipitation compared to other High Arctic habitats (Hagen et al. 1993).

Due to the high latitude, Svalbard has a low diversity of terrestrial plants, invertebrates and
vertebrates (Harland 1997). Low temperatures and consequently low inputs of available forms
of nutrients from dead biomass and chemical weathering cause terrestrial species to rely on
nutrient fluxes from marine ecosystem (Keller et al. 2007, Sistla et al. 2012, Zwolicki et al.
2016). During the summer, when the sea ice melts, the marine ecosystem provides a rich source
of food for various marine and terrestrial animals and has a crucial role in the functioning of

food chains around the whole Arctic region (Castro and Huber 2015).

Birds are the most numerous representatives of vertebrates within the Arctic terrestrial
ecosystem (Harland 1997). Despite many important environmental functions, they are a
significant factor in fertilization of soil for plant growth because low decomposition connected
to low temperatures causes permafrost to not release as many nutrients and minerals as would
be optimal (Billings 1987, Wainright et al. 1998). Moreover, guano from bird colonies can
affect abundance, relative density, trophic group structure and even the body size of tardigrades
from tundra habitats as well (Zawierucha et al. 2019a). As an implication of these extreme



conditions, all organisms show adaptations to low temperatures, low nutrients, high radiation

during summer and a short reproductive season (Pielou 2012).

Samples of cryoconite were collected on Svenbreen, Ebbabreen and Nordenskidldbreen (breen
= glacier), hereinafter also referred to as Sven, Ebba and Nordenskidld without their glacier
endings. These glaciers are located inside Petuniabukta (bukta = bay), a part of Billefjorden
(fjorden = fjord), the central fjord of Isfjorden (Fig. 2). This fjord is mostly known because of
the Billefjorden Fault Zone (Fig. 2), a geological boundary between Devonian clastic rocks on
the west and Carboniferous sequences in the east (Szczucinski and Rachlewicz 2007). The
glaciers were selected based on different spatial characteristics such as size or character of their

adjacent areas.

Figure 2. Location of Petuniabukta (left) and the Billefjorden Fault Zone (right) (photo by
author). Map of Petuniabukta was adapted from https://toposvalbard.npolar.no/ and modified.


https://toposvalbard.npolar.no/

1.4 Aims of the Thesis

1.

The first aim of the thesis is to describe the species composition, food preferences and body
size distribution among the three studied glaciers. We assume that spatial characteristics of
the glaciers could influence the structure and diversity of invertebrates inhabiting cryoconite
holes. We hypothesise that the body size of tardigrades increases with decreasing altitude
along the ablation zone (the area with a negative mass balance) because of the preferential
transport of bigger species. The data from the first part of the thesis provides a foundation

for the second part, which focuses on elemental and isotopic analyses.

The second and major aim of the thesis is to elucidate the elemental (C:N:P) and isotopic
(8'3C, §'°N) composition of tardigrades, rotifers and sediment from cryoconite holes from
the three studied glaciers. We hypothesise that the elemental composition of tardigrades and
rotifers reflects their diet and therefore shapes in nutrient utilization influencing the whole

cryoconite ecosystem.

The text of this diploma thesis is designed as two projects which have much in common, but

they are not absolutely connected. Therefore, it is structured as one compact unit containing

two reciprocal parts focusing on the ecological interactions of cryoconite’s tardigrades and

rotifers from different points of views. The main intention of this structure is to create a basis

for two papers which will be completed during the following doctoral studies.



2 Species Composition of Cryoconite Consumers
Considering Environmental Variability on High
Arctic Glaciers



2.1 Introduction

As diversity hotspots of the glacial surface, cryoconite holes form a suitable habitat for various
species of bacteria, cyanobacteria, algae and few species of invertebrates (Stibal et al. 2006,
Zawierucha et al. 2015a). Depending on conditions and input of nutrients during the season,
organismal activity within cryoconite holes results in high photosynthetic and nitrogen fixation
rates despite low phosphorus concentrations (Sawstrom et al. 2002, Anesio et al. 2009, Stibal
et al. 2009, Segawa et al. 2014). Thus, cryoconite systems play a non-negligible role in nutrient

cycling on the glacial surface.

Tardigrades living within cryoconite holes belong to the class Eutardigrades (Zawierucha et al.
2015a). As suspension feeders and grazers, cryoconite tardigrades consume mostly algae, but
some species can be detritovorous or microbivorous (Zawierucha et al. 2016a). Despite the high
diversity of tardigrades in tundra (Coulson et al. 2014), there is evidence of only 5 species living
on glacial surface at Svalbard (Zawierucha et al. 2016a, Zawierucha in prep.). Tardigrades
commonly found on Svalbard glaciers are Pilatobius sp., Hypsibius sp., Hypsibius cf. dujardini,

Isohypsibius sp. and very rarely Cryoconicus kaczmareki (Zawierucha et al. 2018b).

Rotifers are invertebrates which require moist environment with adequate water to enable
filtration, mostly of bacteria (Devetter 2009, Wallace and Snell 2010, Nielsen et al. 2012). As
reported in Nielsen et al. (2012), who focused on wet and dry areas across Antarctic polar
deserts, tardigrades were found in both areas, but rotifers were present only within moist areas.
Accounts of the diversity of rotifers inhabiting cryoconite holes remain scarce due to difficulties
associated with species identification (Kaya et al. 2010, Zawierucha et al. 2015a). The most
abundant group are bdelloid rotifers. However, according to recent evidence, they have lower
species richness in cryoconite holes than monogonts (De Smet and Van Rompu 1994,
Zawierucha et al. 2015a). In cryoconite holes on Svalbard, the most dominant bdelloid rotifers
are Macrotrachella sp., Adineta vaga and rarely members of a monogont genus Encentrum
(Zawierucha et al. 2015a, Vonnahme et al. 2016, Vondrak unpublished data).

As top consumers with various feeding strategies, tardigrades and rotifers are an important
component in nutrient cycling and trophic networks within cryoconite holes (De Smet and Van
Rompu 1994, Zawierucha et al. 2016a). As evident from Vonnahme et al. (2015), there are
correlations between species composition of primary producers and consumers (tardigrades and
rotifers) connected with environmental as well as ecological controls. Further data showing the
importance of their role are still lacking, however (Devetter 2009, Vonnahme et al. 2016,
Zawierucha et al. 2018c).

Melting processes on the glacier contribute to the weathering of minerals and nutrients from
the surrounding rocks (Aciego et al. 2015, Hawkings et al. 2015, Hawkings et al. 2016). These
processes are mostly caused by seasonal warming connected to melting, rainfall or warm wind
occurrence (e.g. fohn events) (Marsh and Woo 1981, Vieli et al. 2004). Moreover, the



geological setting (acidic or alkaline bedrock) has the ability to modify chemistry of local
surface waters. Therefore, geology may have an indirect impact on tardigrade species
composition and abundances (Dastych 1985). Nevertheless, Dastych (1985) examined only
tardigrades from tundra and did not consider the effect of bird guano which can affect pH and

thus community structure as found by Zawierucha et al. (2016b).

Organic and inorganic material brought onto glacier surface by melting or other factors (e.g.
atmospheric deposition or guano input from bird colonies), have a crucial role for
biogeochemical processes and the functioning of biota within cryoconite holes (Hodson et al.
2010, Stibal et al. 2012, Boetius et al. 2015, Vonnahme et al. 2016). As examined by Bagshaw
et al. (2013) on Dry Valley glaciers in Antarctica, the highest proportion of nutrients was found
within cryoconite holes on small glaciers. On the contrary, larger glacier had a higher
concentration of DIC (dissolved inorganic carbon), SO4>", Ca?" and Mg?", as a probable result
of longer residence times and the related more efficient release of minerals from sediment
within the holes. Cryoconite holes on large glaciers also had low photosynthetic rates
suggesting low biological activity and consequently low uptake by microbial communities.
Porazinska et al. (2004) and Zawierucha et al. (2016a) described that higher concentrations of
cations Mg?", K and Ca®" and NH*" are positively correlated with tardigrades occurrence,
suggesting that mineral composition may play an important role on the species composition of
a cryoconite hole. Higher nutrient inputs can also result in greater body size and thus increase
reproduction rates and survival ability during unfavourable conditions (Zawierucha et al.
2015b). Ca*"in a form of calcium carbonate (CaCOs) is a crucial element for the synthesis of a
new buccal-pharyngeal apparatus of tardigrades during moulting (Guidetti et al. 2012). Calcium

was also found within solid structures of bdelloid rotifers (Koehler and Hayes 1969).

Species of cyanobacteria and algae found within cryoconite holes correspond with the species
found in surrounding terrestrial and aquatic habitats (Sdwstrom et al. 2002). Moreover, recent
studies show greater abundances and activity of prokaryotic and eukaryotic organisms within
the sediment than within the water column of cryoconite holes (Sdwstrom et al. 2002, Sommers
et al. 2019). Consumers living inside cryoconite prefer greater size and higher amount of
cryoconite aggregates instead of fine sediment due to their higher stability and higher variability
of food sources (Porazinska et al. 2004, Zawierucha et al. 2018a). A higher stability of
cryoconite aggregates as a consequence of a non-frequent flushing by melted ice water was also
mentioned in Mueller and Pollard (2004) who suggested that this stability is one of the factors
influencing the cryoconite community structure. All presented information implies that spatial
characteristics and size of the glacier may affect primary producers (Hodson et al. 2008,

Sommers et al. 2019) and consequently the species composition of consumers.

The aim of this part of the thesis is to describe differences in species composition and body size

distribution among three glaciers with different spatial characteristics. Focus has been placed
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on the environmental proxies of these glaciers and on the potential impact on the release of
minerals and nutrients. We hypothesise that sediment composition and location of cryoconite
holes on the glacier surface can influence the community of grazers and their feeding strategies.
We also hypothesise that body size varies between the lower and upper parts of the ablation
zone due to the preferential transport of bigger individuals which have a greater surface area,
creating a sensitivity to removal. Moreover, bigger species cannot be sufficiently hidden or

retained in the sediment.

2.2 Methods

2.2.1 Study Sites and Sampling

Samples of cryoconite were collected from Ebbabreen, Nordenskidldbreen and Svenbreen (Fig.
3) located at the Petuniabukta and Adolfbukta (76—80° 300 N and 10-35° E) on Spitsbergen
island in Svalbard during July and August 2016 (Tab. 1).

Due to the Billefjorden Fault Zone, Petuniabukta forms a very geologically heterogeneous area
with various rocks of different ages and origins (Dallmann et al. 2004). The Devonian clastic
rocks in the western part are mostly composed from carbonates, coal, mudstones and
sandstones. The Carboniferous sequences in the eastern part consist of various sedimentary
rocks such as conglomerates, sandstones, mudstones, limestones, coal, gypsum, anhydride and
dolomite (Dallmann et al. 2004, Szczucinski and Rachlewicz 2007).

Ebbabreen is a polythermal partially valley glacier connected to the Mittag-Leffler glacier
(Kostrzewski et al. 1989, Rachlewicz et al. 2007, Matecki 2015). Ebbabreen is also the largest
glacier in the Dickson Land (genetically related to the Olav V Land icefields) located in the
east part of Petuniabukta (Dallmann et al. 2004, Matecki 2015). The theoretical steady-state
equilibrium line is at an altitude of 580 m a. s. l. However, the accumulation zone is probably
higher (Matecki 2015). Svenbreen is a polythermal valley glacier located in the western part of
the Petuniabukta (Rachlewicz et al. 2007). Svenbreen is the only glacier in our study which is
on the geologically older left side of the Billefjorden Fault Zone. The theoretical steady-state
equilibrium line altitude of Svenbreen is about 420 m a. s. 1. (Matecki 2014). Nordenskidldbreen
is a polythermal outlet glacier of Lomonosovfonna (fonna — ice field/ice cap), the highest ice
field on Svalbard (Isaksson et al. 2001, Ewertowski et al. 2016). This glacier closes the
Adolfbukta, the eastern bay of Billefjorden (Macheret 1981, Dallmann et al. 2004). In
comparison with Svenbreen and Ebbabreen, Nordenskidldbreen is the only tidewater glacier in
Billefjorden (Dallmann et al. 2004). As a tidewater glacier, Nordenskidldbreen has the highest
retreat rates in comparison with other glaciers in Billefjorden (Rachlewicz et al. 2007). The
theoretical steady-state equilibrium line altitude of Nordenskidldbreen is around 550 m a. s. 1.
(Bamber et al. 2005).
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Sampling was conducted twice from each glacier (within the interval of approximately one
week between each sampling) using a high density polyethylene (HDPE) bottle with two
siphons according to Mueller et al. (2001) with modifications after Vonnahme et al. (2015). On
each glacier an area in the upper and lower part of the ablation zone (hereinafter also referred
to as upper or lower part) close to the central line with the selection of representative cryoconite
holes (small, bigger, shallow, deeper) was sampled. On Ebbabreen, 4 samples were collected.
Samples from the first Ebbabreen sampling were lost during the transport to the Czech
Republic. On Svenbreen 4 samples were collected and on Nordenskidldbreen only 3 samples
were collected, the fourth sample was not collected because of a polar bear occurrence. Water
pH and conductivity (uS) were measured during the sampling by a Hanna Instrument (HI
98130). Samples were stored on ice in a field refrigerator (a plastic barrel entrenched into
permafrost). The samples were subsequently transported to a freezer in Longyearbyen within
the duration of 18—48 hours after the sampling.
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Figure 3. Location of the sampling sites (Svenbreen — blue, Ebbabreen — orange and

Nordenskidldbreen — green). The map is adapted from https://toposvalbard.npolar.no/.
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Table 1. General information about samples and sampling. Samples from Ebbabreen with the

star mark (*) were lost during the transport.

SAMPLE ABLATION ALTITUDE SAMPLING
CODE GLACIER ZONE (ma.s.l) DATE
(PART)
SL1 Sven lower 382 30.7.2016
SU1 Sven upper 637 30.7.2016
SL2 Sven lower 421 6.8.2016
SU2 Sven upper 663 6. 8.2016
NL1 Nordenskiold lower 152 29.7.2016
NU1 Nordenskiold upper 211 29.7.2016
NL2 Nordenskiold lower 152 1.9.2016
EL1* Ebba lower 152 27.7.2016
EU1* Ebba upper 457 27.7.2016
EL2 Ebba lower 158 2.8.2016
EU2 Ebba upper 459 2.8.2016

2.2.2 Determination of Tardigrade Species, Buccal-Pharyngeal Apparatus and
Body Size Measurements

Part of cryoconite (~10 cm®) from each sample was separately melted by dropping distilled
water through the sample into a glass beaker to minimize the number of freeze-thaw cycles of
the whole sample. Tardigrades were collected using a glass Pasteur pipette into distilled water
with one drop of EtOH under a stereo microscope (Olympus SZ 51). Immediately after the
collection, clean animals were transferred on glass slides and mounted in a small drop of the

permanent mounting Hoyer’s medium (Anderson 1954, Ramazzotti and Maucci 1983).

After one day of drying in 56 °C, specimens were measured under a light microscope with
phase contrast (Olympus BX53) associated with a digital camera ARTCAM 500.
Measurements were conducted using a QuickPHOTO microscope software calibrated to the
magnification of microscope. Every tardigrade was identified by the buccal-pharyngeal
apparatus (hereinafter referred to as buccal tube length) and claw morphology according to
Guidetti et al. (2012), Guil and Sanchez-Moreno (2013) and Nelson et al. (2015). Species
identification followed Zawierucha et al. (2016a). The best method for the estimation of
Eutardigrade body size is the measurement of buccal tube length (e.g. Bartels et al. 2011). In
our specimens the buccal tubes were not always arranged in one plane and it was difficult to
obtain the correct angle for morphometry. Therefore, it was decided to measure directly body
length within suitably orientated specimens as well. The measurements were conducted from
the anterior to the posterior part of the body, excluding the hind legs. Measurements of buccal
tube followed Pilato (1981). Particular taxa were also classified to the dominant feeding

behaviours groups according to Guidetti et al. (2012) and Guil and Sanchez-Moreno (2013).
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2.2.3 Determination of Rotifer Species

Part of the cryoconite was melted as described above and separately put on slides. Specimens
of bdelloid rotifers were identified using a compound light microscope when moving
(identification is performed using the morphology of their cirri and trophi). Identification was

primarily conducted following the monography by Doner (1965).
2.2.4 Determination of Eukaryotic Primary Producers

Small drop of thawed and well mixed cryoconite was placed on the mount. Afterwards, algae
and cyanobacteria were examined in Nomarski interference contrast, using light microscope
Olympus BX51 associated with the digital camera Olympus EOS 700D. The specimens were
identified by Assoc. Prof. Pavel Skaloud, Ph.D. from the Department of Botany, Faculty of
Science, Charles University.

2.2.5 Statistical Procedures

The differences between body size, buccal apparatus size and species composition of

tardigrades were tested using R version 3.5.3 (R Development Core Team 2018).

Boxplots were made to show the intraspecific differences between body size and buccal tube
length between glaciers and different parts of the ablation zone (Appendix 2). For testing these
differences, the Kruskal-Wallis test and ANOVA (Lmer) were used. All tardigrades smaller
than 190 um were excluded from the statistical analyses due to the larger buccal apparatus
compared to body size in young instars (Kosztyta et al. 2016), which could overestimate results.

The correlation between body size and buccal tube length was also tested.

To compare species composition of tardigrades from different glaciers, Shannon-Wiener Index
(hereinafter Shannon Index) of Diversity and Simpson Index of Diversity 1 — D (hereinafter

Simpson Index) were examined.

2.3 Results

We determined 998 individuals of tardigrades (order Eutardigrada) from three glaciers in
Billefjorden, namely Ebbabreen (186 identified tardigrades), Svenbreen (407 identified
tardigrades) and Nordenskioldbreen (405 identified tardigrades). From the total number of
individuals, 977 were suitable for measurements of buccal apparatus, body length (proxy for
the body size) or both. The tardigrades found within the samples were identified as Pilatobius
sp., Hypsibius sp., Hypsibius cf. dujardini, Isohypsibius sp. and Cryoconicus kaczmareki.
Tardigrades introduced without a specific name are new for science. Rotifers found within
samples were identified as Macrotrachella sp. and Adineta vaga. There were only
approximately 20 individuals of rotifers available for determination, however. The abundances

of collected animals and species are shown in the Table 2. The tardigrades used for
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@ Pllotobius sp.

O Hypsibius sp.

@ Hypsibius cf. dujardini
W isohypsibius sp,

determination of species composition were
prepared by different methodology than the
tardigrades for elemental and isotopic
analyses (see the chapter 3), therefore, the
total numbers of tardigrades and rotifers did

not correspond with the numbers of identified

species. The most abundant species were
Pilatobius sp. and Hypsibius sp., lower

abundances were observed in Hypsibius cf, Figure 4. Distribution of tardigrade species

1 0
dujardini and Isohypsibius sp. Tardigrade expressed as relative abundance (%).
Cryoconicus kaczmareki was so rare (only few individuals were found) that we did not include
it into any analyses in this part of the study. The distribution of species with the particular

abundances is shown in the Figure 4.

Table 2. Information about total number of collected animals and number of collected and
identified species. Total tardigrades and rotifers numbers were counted from the animals
collected for isotopic analyses. The symbol of (>) marks samples with an abundance superior

to the calculated amount.

Sample SL1 SU1 SL2 | SU2 | NL1 | NU1 | NL2 | EL2 EU2
Rotifers total 490 | > 1310 | >538 | 1071 | 764 | 846 | 806 | >569 340
Tardigrades total | 776 828 58 820 | 856 | 847 | 847 345 | >1503

Hypsibius sp. 66 82 3 83 20 12 42 40 18
Hypsibius cf. 14 2 2 0 | 62| 9 | 24| 7 34
dujardini

Pilatobius sp. 32 58 18 35 27 99 70 6 76
Isohypsibius sp. 7 2 2 1 26 1 13 4 1

To test the species richness and diversity of tardigrades between glaciers and parts of the
ablation zone, we chose Shannon Index and Simpson Index. Shannon Index showed significant
differences between tardigrades from upper and lower parts of the ablation zone from all
glaciers together (p-value = 0.019) (Fig. 6). Shannon and Simpson Indexes used for establishing
the dominances of various species between glaciers did not show any significant differences
(Tab. 3). However, there is a distinguishable lower diversity at Svenbreen (Fig. 5). The
proportions of species between lower and upper part of the ablation zone are shown in the
Figure 7. Species composition of rotifers was not analysed due to the low number of identified

individuals.

15



Table 3. Shannon and Simpson Indexes results for the biodiversity between glaciers and parts

of the ablation zone.

. . Estimate p-values Estimate p-values
Examined Subjects (Shannon) (Shannon) (Simpson) | (Simpson)
Ebbabreen vs. 0.068 0.958 0.027 0.981
Nordenskidldbreen
Svenbreen vs. —0.160 0.722 —0.051 0.896
Nordenskidldbreen
Svenbreen vs. Ebbabreen —0.092 0.922 —0.025 0.982
Lower part vs. upper part —0.342 0.019 —0.133 0.128

Ebba Nordenskisld Sven Ebba Nordenskisld Sven
Glacier Glacier

Figure S. Shannon and Simpson Indexes of Diversity comparing diversity of tardigrades at

each glacier.

Shannon

0.8~

0.6- I

lower upper

Part of the Ablation Zone

Figure 6. Shannon index comparing diversity of tardigrades at upper and lower part of the

ablation zone of sampled glaciers.
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As expected, all species showed positive correlation of buccal tube length and body size
(Appendix 1), Pilatobius sp. (r* = 0.680), Hypsibius sp. (> = 0.787), Hypsibius cf. dujardini (1*
=0.715), Isohypsibius sp. (r* = 0.867).

The Kruskal-Wallis test and ANOVA (Lmer) revealed differences in buccal tube length
between different parts of the ablation zone glaciers in Hypsibius sp. (p-value = 0.0009) and
Pilatobius sp. (p-value = 0.0335). Hypsibius sp. had also significant differences in Kruskal-
Wallis test comparing buccal tube length between lower and upper part of the ablation zone
among all glaciers (p-value = 0.0160) and in body size between lower and upper part of the
ablation zone on Ebbabreen (p-value = 0.0440). Hypsibius cf. dujardini revealed significant
differences in body size between lower and upper part of the ablation zone among all glaciers
tested by Kruskal-Wallis test (p-value = 0.0471) and by ANOVA (Lmer, p-value = 0.0209).
Hypsibius cf. dujardini had also differences in buccal tube length between upper and lower part
of the ablation zone of Ebbabreen (p-value = 0.0267). However, all species revealing significant
differences had low number of individuals in some samples reducing the statistical significance

of the results. All above mentioned results are in the Table 4.

Table 4. Results of Kruskal-Wallis (i, iv) and ANOVA (Lmer) (ii, iii) tests comparing
intraspecific buccal tube length (BT) and body size (BS) between glaciers and between parts of
the ablation zone. The p-values > 0.05 are highlighted in bold.

i) Measured p-values of Kruskal-Wallis tests among all glaciers.

Species BS All Glaciers | BT All Glaciers BS BT
lower/upper lower/upper

Hypsibius cf. 0.1229 0.4646 0.0471 0.4674

dujardini

Hypsibius sp. 0.8691 0.0009 0.1454 0.0160

Isohypsibius sp. 0.7120 0.1303 0.9881 0.5884

Pilatobius sp. 0.1999 0.0335 0.6838 0.8922

ii) Measured p-values of ANOVA (Lmer) among all glaciers.

Species BS All Glaciers | BT All Glaciers BS BT
lower/upper lower/upper

Hypsibius ct. 0.0678 0.4524 0.0209 0.5189

dujardini

Hypsibius sp. 0.5044 0.0102 0.0900 0.3102

Isohypsibius sp. 0.5426 0.1332 0.4877 0.2886

Pilatobius sp. 0.3592 0.0472 0.3554 0.6442
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iii) Measured p-values of ANOVA (Lmer) of body size and buccal tube length between parts
of the ablation zone without measurements from Sven for Hypsibius cf. dujardini (there were

no Hypsibius cf. dujardini present in the sample Sven upper from 2™ sampling).

| Hypsibius cf. dujardini

BS (p-value)
BT (p-value)

0.0689
0.2501

iv) Results of Kruskal-Wallis comparing intraspecific body size and buccal tube length between

lower and upper part of the ablation zone of each glacier.

Species BS Ebba BS Nordenskiold BS Sven
LD G 0.2748 0.1520 0.3082
dujardini

Hypsibius sp. 0.0440 0.0861 0.7638
Isohypsibius sp. 0.1573 0.3985 0.5688
Pilatobius sp. 0.9908 0.2022 0.6435
Species BT Ebba BT Nordenskiold BT Sven
Hypsibius cf. 0.0267 0.8010 0.2012
dujardini

Hypsibius sp. 0.0890 0.8948 0.4989
Isohypsibius sp. 0.1797 0.1186 0.7697
Pilatobius sp. 0.4271 0.0743 0.3883

50%

40%

Frequency

30%
20%
10%

Ebbalower Nordenskiéld lower Svenlower
Glacier and Part of the Ablation Zone

@ Hypsibius cf. dujardini @ Pilatobius sp.
O Hypsibius sp.

W /sohypsibius sp.

100%

- W =
80%

70%

60%

100%
90%
80%

Frequency

Ebba upper Nordenskidld upper Svenupper
Glacier and Part of the Ablation Zone

Figure 7. Differences in species composition of tardigrades at different parts of ablation zone.

Algae and cyanobacteria were found in all samples. We identified: Leptolyngbya sp.,
Nostocales, Phormidium, Mesoteanium, Ancylonema, Chlamydomonas sp., Chloromonas sp.

and Vischeria sp. Leptolyngbya sp. dominated in the sample SL2 (Svenbreen lower part, 2™
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sampling) and EL2 (Ebbabreen lower part, 2" sampling). Dominance of a green algae
Mesoteanium was observed only within EL2 (Ebbabreen lower part, 2"¢ sampling). Other

samples were more or less similar with higher abundance of cyanobacteria compared to algae.

2.4 Discussion

We examined the community structure on three glaciers located in Billefjorden and found
differences in species composition of tardigrades. Rotifers were present but they were not
determined in a representative number for statistical analyses. We also found some trends in
the intraspecific differences in buccal tube length and body size between glaciers and between
parts of the ablation zone in Hypsibius sp., Pilatobius sp. and Hypsibius cf. dujardini. Even
though these tardigrades revealed some trends, it is necessary to enhance the number of
examined individuals to corroborate or disprove our hypothesis that bigger individuals are more
abundant within the lower parts of the ablation zone. Further examination is also required
because body size differences between genera could influence the grazing pressure and
utilization of resources in places with higher occurrence of bigger (Isohypsibius sp.) or smaller

(Pilatobius sp.) species.

Svenbreen is a small valley glacier located in the western part of Petuniabukta in a geologically
older part of Billefjorden Fault zone (Rachlewicz et al. 2007, Szczucinski and Rachlewicz
2007). We expect that due to the smaller size of the glacier and highly vegetated surrounding,
Svenbreen should be much more supported by organic matter than Ebbabreen and
Nordenskioldbreen and thus affected by bacterial decomposition and occurrence of
microbivorous species. From the total number of collected animals, we have found that
Svenbreen has a dominance of rotifers within all samples excluding one sample taken from the
lower part of the ablation zone during the first sampling session (SL1). Based on microscopic
observations, this SL1 sample was dominated by algae, mostly Mesotaenium. However, the
sample from the second sampling session (SL2) was full of cyanobacteria (Leptolyngbya sp.)
with the lowest number of tardigrades from all analysed samples. The SL2 sample was different
probably due to a weather event which altered the cryoconite structure and disturbed the formed
cryoconite aggregates (Zawierucha et al. 2019b). We assume that the higher occurrence of
rotifers should relate to higher abundances of bacteria, however, we do not have any data about

bacterial biomass to support these assumptions.

The upper parts of Svenbreen (samples SU1 and SU2) and the lower parts of Ebbabreen (sample
EL2) were also dominated by rotifers. Based on our observations, it is evident that these
samples have higher numbers of Hypsibius sp. compared to Pilatobius sp. what could point to
the competitive pressure with rotifers. There is not any evident pattern between species
composition of tardigrades in samples with the dominance of tardigrades. However, it is
complicated to estimate such relations in very fragile and dynamic system such as cryoconite

holes, which can often disappear within few days (Zawierucha et al. 2019b). Cryoconite holes
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from Nordenskioldbreen had almost equal numbers of tardigrades and rotifers among all

samples with observed dominance of Nostocales.

In the case of tardigrade species composition, we documented higher relative abundance of
Pilatobius sp. compared to Isohypsibius sp. and both species of Hypsibius in the upper parts of
Ebbabreen and Nordenskioldbreen. The lower parts were mostly dominated by Hypsibius sp.
and Hypsibius cf. dujardini. The abundance of Isohypsibius sp. was also higher in lower parts.
These findings could suggest that lower parts offer higher variability of sources supporting
higher biodiversity. Cryoconite holes on Svenbreen have almost similar species composition at
both parts with a dominance of Hypsibius sp. However, it is necessary to take into consideration
that samples from the second sampling of the lower part of Svenbreen (SL2) and second
sampling from the lower part of Ebbabreen (EL2) had a low occurrence of tardigrades which

do not allow to evaluate the results properly.

2.5 Conclusions

In this part of the thesis we demonstrated that even though cryoconite holes have similar
temperature and structural characteristics, the community structure of tardigrades differs among
the three examined glaciers. We also found that samples with the dominance of rotifers show
lower abundances of mostly microbivorous Pilatobius sp. and higher abundances of mostly
algivorous genus Hypsibius suggesting the division of feeding niches. The differences in size
distribution between different parts of the ablation zone were found in Hypsibius sp. and
Hypsibius cf. dujardini. However, to corroborate our hypothesis about differences in size
distribution between different parts of the ablation zone it is necessary to enhance the number
of examined individuals. It is also necessary to enhance the number of identified rotifers in

further examination.
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3 Elemental and Isotopic Composition of Tardigrades
and Rotifers Inhabiting Cryoconite Holes of Three
High Arctic Glaciers
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3.1 Introduction

According to current knowledge, viruses, bacteria and other autotrophic and heterotrophic
organisms play an important role in nutrient utilization and nutrient pathways within glacial
ecosystems (Anesio and Laybourn-Parry 2012, Stibal et al. 2012). There are many studies
focusing on biogeochemical and microbiological processes within the glacier ecosystems in
recent literature (Barrett et al. 2007, Macdonell et al. 2012, Telling et al. 2012, Edwards et al.
2014). However, information about the role of tardigrades and rotifers, which are the top
consumers there, are lacking (Zawierucha et al. 2018a, Vonnahme et al. 2016). These
invertebrates consume mostly algae, bacteria and detritus. Rotifers are mostly bacterivorous,
while tardigrades feed on algae as well as bacteria (De Smet and Van Rompu 1994, Wallace
and Snell 2010, Mialet et al. 2013, Zawierucha et al. 2016a). We expect that these different
feeding strategies cause differences in isotopic composition and trophic position due to
differences in the uptake of nutrients by bacteria, cyanobacteria and algae. We also expect that
the isotopic composition of tardigrades and rotifers between examined glaciers will differ due
to different spatial characteristics influencing cryoconite holes and consequently their biota as

well.

In temperate freshwater systems, Sterner (1986) described that grazers can affect population of
phytoplankton by two means — directly by grazing and indirectly by affecting the ratio of
nutrients by their release after the consumption called nutrient recycling (Sterner and Elser
2002). Trophic networks in Arctic ponds show lower complexity than ponds in temperate
habitats and most of the primary production comes from the benthic primary producers (Rautio
et al. 2011). Vonnahme et al. (2016) has found that the size distribution of algae, particularly
Zygnemales and Chlorococcales, positively correlate with the distribution of grazers. Larger
Zygnemales positively correlates with tardigrades occurrence, and Zygnemales and smaller
Chlorococcales with rotifers occurrence. The other important finding of that work was that
Cyanobacteria had no correlations with the abundance of grazers but were found in higher
proportion further away from the glacier margins. In soil habitats, tardigrades may react as r-
strategists with increasing feeding rate when the prey had high densities and environment had
favourable conditions (Sanchez-Moreno et al. 2008). This information suggests that tardigrades
and rotifers are probably an important factor shaping the community of primary producers by
grazing and nutrient recycling, and together with microbes, should have an impact on the
community structure and the nutrient pathways within cryoconite holes.

The distribution of nutrients across the glacial surface is very unequal (Stibal et al. 2012).
Available forms of nutrients in cryoconite holes are provided by melted snow (Hodson et al.
2005), ice (Brown 2002), long-range and local atmospheric deposition (Stibal et al. 2008a,
Stibal et al. 2012) and by activity of heterotrophic microbial communities which utilize the
inorganic matter or decompose the organic matter (Tranter et al. 2004, Anesio et al. 2010). The
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importance of autochthonous organic matter formed by organisms increases with decreasing

distance from other sources (Stibal et al. 2010).

Carbon, nitrogen and phosphorus are the major components of organic matter and essential
elements for growth and functioning of biota on the glacial surface (Hodson et al. 2005, Anesio
et al. 2009, Telling et al. 2011, Bagshaw et al. 2013). Due to the different characteristics of
cryoconite holes, the ratios and concentrations of these major nutrients can be very distinct from
the rest of the glacier surface (Tranter et al. 2004, Stibal et al. 2008b) and between glaciers
(Edwards et al. 2011).

Dissolved carbon occurs in two major forms available for organisms on the glacial surface — as
dissolved organic carbon (DOC) and dissolved inorganic carbon (DIC) (Tranter et al. 2004).
The ratio of DIC:DOC in ice-lidded cryoconite holes studied by Tranter et al. (2004) was
calculated as 2:1, while the measurements of Stibal et al. (2008a) done on open holes showed
higher content of DOC compared to DIC. In that study, proportion of total carbon (TC = organic
carbon + inorganic carbon) remained approximately equal during the summer season (there
were observed decrease in TC only at the beginning of the season). Stibal et al. (2008a) also
concluded that the majority of organic carbon originated from production out of the studied
glacier, prevailing the content of organic carbon from annual autochthonous production of the
cryoconite associated organisms. This indicates the importance of the allochthonous input of
organic carbon to the cryoconite hole ecosystem. Within the open holes, photosynthesis was
found higher than respiration causing positive carbon fixation rates on the glacial surface
(Anesio et al. 2009). However, Stibal et al. (2012) summarized the balance between
photosynthesis and respiration on the glacier surface and found that ice sheet margins and small
glaciers can act as CO2 source instead of inner parts of ice sheets and bigger glaciers which can
act more as COz sinks. In any case, the total photosynthetic rates on the glacier surface remains
low due to the high radiation levels (Sdwstrom et al. 2002).

The input of reactive species of nitrogen into cryoconite holes is mostly restricted to meltwater
from the snow cover, rain, snow precipitation and nitrogen fixation by cyanobacteria (Telling
et al. 2011). Input from bird colonies which are abundant around some glaciers seems to have
spatially limited but significant impact as well (Vonnahme et al. 2016). On Svalbard glaciers,
the C:N ratio of biomass and inorganic forms of NO3 and NH4" decrease during the summer
season. It suggests that cryoconite system can become nitrogen limited during the period of
organismal activity (Tranter et al. 2004, Stibal et al. 2008a). This deficiency can lead to the
dominance of cyanobacteria (Vonnahme et al. 2016). However, the study of Pittino et al. (2018)
suggested an opposite pattern when the cyanobacteria occur during the beginning of the melting
season, participating on cryoconite aggregates formation and increasing the organic carbon
(OC) content, and disappear lately due to the increasing dominance of heterotrophs. Because

of the high energetic costs and sufficient input of inorganic nitrogen (IN) from atmosphere,
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nitrogen fixation is a minor source of nitrogen for cryoconite communities. However, it
provides an important source of this essential nutrient while other supplies are depleted during

the melting season (Telling et al. 2011).

Due to the indispensability of phosphorus for the growth of living organisms along with its
biologically inaccessible forms occurring under oxic conditions, it is typically the most limiting
nutrient in aquatic ecosystems (Karl 2000, Kalff 2002). High TDN:TDP (TDN — total dissolved
nitrogen, TDP — total dissolved phosphorus) ratios and decreasing phosphorus concentrations
with increasing carbon uptake show, that there is a strong trend for cryoconite holes to be, as
other freshwater habitats, mainly phosphorus limited (Tranter et al. 2004, Stibal and Tranter
2007, Stibal et al. 2009). The main source of inorganic phosphorus are rocks (e.g. apatite)
adjacent to the glacier body losing its sediment and releasing IP (inorganic phosphorus) by
weathering (Hodson et al. 2005, Hawkings et al. 2016). Stibal et al. (2008b) demonstrated that
total phosphorus content in cryoconite included about 57 % of OP (organic phosphorus), mostly
from allochthonous origin. Conversion of inorganic phosphorus to its organic forms was found
as minor process in cryoconite holes. Bioavailable phosphorus (e.g. P2Os, DOP — dissolved
organic phosphorus) then occurs in low, but sufficient concentration within cryoconite and it is
controlled mostly by physical and geochemical processes (Stibal et al. 2008b).

Stable isotopes are energetically stable and non-radioactive atoms which have been used for the
description of food webs and trophic pathways in many ecological studies in the past decades
(e.g. DeNiro and Epstein 1978, DeNiro and Epstein 1981, Michener and Lajtha 2008). For the
analyses of differences in trophic levels and sources of nutrients, 8'°N, 8'*C values and
SN/SMN, §'3C/812C ratios are mostly used (Yoshii et al. 1999, Michener and Lajtha 2008,
Wada 2009). Autotrophs absorb carbon and nitrogen from inorganic matter which has a
different isotopic composition than the consumer’s body. The process which causes these
differences between ingested matter and body composition is called isotopic fractionation.
Fractionation is caused by physical or biochemical processes which prefer or discriminate
heavier or lighter isotopes (Michener and Lajtha 2008). The isotopic ratio of the sample is

Rsample

calculated by using the equation: § (%o0) = ( - 1) X 1000. The resulting ratio or

standard

value shows the amount of heavier isotope related to the isotopic composition of the
international standards which are PeeDee Belemnite for carbon and atmospheric nitrogen (N2)
for nitrogen. Higher delta values (0) indicate a higher content of the heavier isotope within the
sample (Craig 1953, Michener and Lajtha 2008).

The §'3C value reflects the diet of the organism and is approximately similar or slightly higher
within the animal compared to its food. The differences between organismal §'*C/8!*C and the
813C/8!C ratios of its diet are caused by higher assimilation of '*C supported by preferential
12C depletion (of CO,) during respiration (DeNiro and Epstein 1978, Blair et al. 1985, Ekblad
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and Hogberg 2000, Wada 2009). These differences are balanced by a higher release of °C
during excretion (DeNiro and Epstein 1978).

The 3'°N value towards the 8'“N value is also higher in animal body compared to its diet
(DeNiro and Epstein 1981). The equations describing the relation between isotopic composition
of organisms and their diet are:

1. For carbon

Aanmar - pieT = 8 Canmvar — 8'3Coier (DeNiro and Epstein 1978)

2. For nitrogen

AanvaL - pieT = 8 Nanmar — 8'°Nprer (DeNiro and Epstein 1981)

Moreover, 3'°N values increase with the trophic level (Kling et al. 1992, Zah et al. 2001). This
increase is mostly caused by higher proportion of proteins within the diet and subsequent

preferential excretion of 8'“N during the protein metabolism (Kling et al. 1992, McCutchan et
al. 2003).

Nitrogen isotopic composition of primary producers and subsequently consumers can vary due
to various environmental factors. When the environment is limited by some nutrient, in this
case nitrogen, the consumer’s body fractionates differently than in case where there is no
nutrient limitation (Michener and Lajtha 2008, Santrti¢ek et al. 2018). Therefore, it is always
necessary to measure isotopic composition of food to get reliable estimate of trophic
relationships within the ecosystem.

The only study focused on isotopic composition of polar tardigrades and rotifers was done by
Shaw et al. (2018) in non-glaciated part of the Taylor Valley, Antarctica. Significant differences
were found in 8'°N values between primary producers (cyanobacteria) and consumers (rotifers,
tardigrades and nematods) which divided soil fauna into three main trophic levels. The isotopic
value of the first established trophic level (cyanobacterial mat) was §'°N —5.36 = 0.96 %o. The
8N of the secondary trophic level was enriched +2 %o for the nematode Plectus murrayi and
+4 %o for tardigrades and rotifers. The third trophic level consisting of nematode Eudorylaimus
antarcticus was enriched +2.25 %o relatively to tardigrades and rotifers and +4 %o relatively to

Plectus murrayi.

Based on the previous findings, our intention is to measure isotopic composition (5'°C, §'°N)
of the substrate, biomass of primary producers, and biomass of consumers from various
cryoconite holes and obtain data for the description of trophic interactions and trophic levels

within these systems.

The aim of this part of the thesis is to develop and test the modified methodology and analyse
the elemental and isotopic composition of tardigrades and rotifers as well as to analyse the
composition of organic and inorganic matter from cryoconite. Results will provide data for the

26



description of cryoconite grazers and their trophic relations which are non-negligible factors in

cryoconite hole’s nutrient utilization.

3.2 Methods

3.2.1 Study Sites and Sampling
See the section 2.2.1.
3.2.2 Separation of Tardigrades and Rotifers from Cryoconite

Part of cryoconite (~2—4 cm?) from each sample was separately melted by dropping distilled
water through the sample into a glass beaker to minimize the number of freeze-thaw cycles of
the whole sample. The rest of the cryoconite sample was immediately returned into to the
freezer. After the melted material was settled on the bottom of the beaker, as many cryoconite
aggregates and big sediment particles as possible were removed by plastic spoon and
transported into a separate Falcon tube. The fine particles which were left within the beaker
were then transported into another Falcon tube. Animals were collected from both Falcon tubes.
The size separation of sediment particles accelerated collecting of tardigrades and rotifers due

to the higher numbers of animals within the fine sediment.

Animals were then collected under a light microscope (Olympus CX31) using a Pasteur pipette.
Every single individual was transferred at least once to a drop of clean distilled water before it
was transferred into an Eppendorf tube. Eppendorf tubes for clean animals as well as samples
of sediment were continuously cooled by a frozen cooling pad. The collected individuals were
stored in separate Eppendorf tubes in a freezer at —20 °C until the lyophilization and further
processing started. The total number of collected animals were used for the estimation of

frequencies of each taxon within a particular sample.

3.2.3 Elemental and Isotopic Analyses of Invertebrates

3.2.3.1 Carbon and Nitrogen

At least 300 individuals of both taxa were collected from each sample for the elemental and
isotopic analyses. When the required number of individuals was prepared, samples of
tardigrades and rotifers were thawed and once again washed through distilled water and
separately put into pre-weighted tin capsules (Costech 41077, 5 x 9 mm). Filled capsules were
put into a desiccator with silica gel and left drying from 0.5 to 2.5 hours (the differences in the
duration of drying were caused by differences in water content within the capsules). After the
water inside the capsules was reduced to 1/3 of the volume, the samples were stored at —20 °C
and at least half an hour at —80 °C before the lyophilization started. The duration of the

lyophilization was 4 hours. Thereafter, samples were weighted (Mettler Toledo Excellence Plus
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XP6), the capsules were closed and wrapped and immediately analysed or stored in a desiccator

until the analyses were performed.

The samples were combusted and total carbon (TC), total nitrogen (TN) and §'°C/5'?C and
S'N/8'N isotopes were analysed using a Flash 2000 elemental analyser (ThermoFisher
Scientific). Released gasses (NOy, CO») separated in a GC column were transferred to the
source of an isotope-ratio mass spectrometer Delta V Advantage (ThermoFisher Scientific)
source through a capillary by Continuous Flow IV system (ThermoFisher Scientific). Stable
isotopes results are expressed in standard delta notation (3), with samples measured relatively
to Pee Dee Belemnite for carbon isotopes and atmospheric N> for nitrogen isotopes and
normalized to a calibration curve based on international standards IAEA-CH-6, IAEA-CH-3
and IAEA 600 for carbon and IAEA-N-2, IAEA-N-1 and IAEA-NO-3 for nitrogen. Analytical
precision as a long reproducibility for standards was within £0.03 %o for 8'*C and £0.02 %o for
S1°N.

The data about TC and TN were not included into the study due to the low number of samples
which had the sufficient amount of COx and NOx. Therefore, C:N:P ratios were not established.

3.2.3.2 Phosphorus

Samples for phosphorus concentration analyses were prepared using membrane filters (MF-
Millipore ™, 0,45 um). The procedure was done under a light microscope (Olympus CX31).
Collected samples were melted, cleaned through deionized water and placed to clean filters
which were put on a Petri dish (the aluminium foil was put under the filters to avoid sticking
during the drying process). The number of animals given to the filters varied between 71 and
120 individuals. The filters were left drying at 50 °C for approximately 8 hours. All filters were

placed into laboratory drying oven and covered by aluminium foil to avoid contamination.

After all filters were dried, samples were dissolved in Savillex bottles with 0.5 ml of
concentrated HNOs. To speed up the process, all bottles were put on a hot plate (125 °C) and
boiled for a few minutes. When all filters were dissolved, the samples were evaporated to half
of its volume to achieve the final concentration of the solution approximately 2.5 %.
Consequently, all dissolved samples were poured into test tubes and deionized water (diH,0)
was added to refill the volume to 10 ml. All samples were then gently stirred and refrigerated

(~4 °C) until they were analysed.

Analyses were performed by a spectrometer ICP-MS iCAP 6500 radial (ThermoFisher
Scientific). The results were not included into the study, because all concentrations were on or
below detection limits for analyses.
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3.2.4 Elemental and Isotopic Analyses of Cryoconite

Cryoconite intended for analyses was cleaned from tardigrades and rotifers which were
collected in parallel for elemental analyses. After the collection, cryoconite was stored at —
20 °C. When all samples were prepared, cryoconite was homogenised using agate pestle and a

mortar. The sediment was subsequently dried in a drying oven at 45 °C for about 7 hours.
3.2.4.1 Analyses of Carbon and Nitrogen in Cryoconite with Carbonates

Dried cryoconite was transferred without any other preparation into pre-weighted open tin
capsules (Costech 41077, 5 x 9 mm) and weighted. The amount of cryoconite varied from
29 mg to 41 mg. Weighted tin capsules with cryoconite were closed and wrapped and analysed
for TC, TN, & C/8"2C and §'°N/3!*N using an elemental analyser EA Flash 2000
(ThermoFisher Scientific) with IRMS Delta V Advantage (ThermoFisher Scientific, see the
section 3.2.3.1 for details).

3.2.4.2 Analyses of Carbon and Nitrogen in Cryoconite without Carbonates

The dried cryoconite was transferred into pre-weighted silver capsules (Elemental Analyses, 8
x 5 mm, D2008). Approximately 12 mg of cryoconite were used for analyses. Carbonates (e.g.
calcite, dolomite) were then dissolved using 10% HCI] moistened with diH>O. The acid was
pipetted into the capsules followed by additions of 10, 20, 30, 50 and 100 mL with drying after
each addition according to Brodie et al. (2011) with the modification after Vinduskova et al.
(2019).

After the last acid addition (100 mL), the sediment was left drying at 50 °C for 17 hours. When
the sediment was dry, the silver capsules were closed, wrapped, inserted into tin capsules and

put into a desiccator for 20 days.

Even though there were not any “Champagne” reaction observed during the acid addition, the

residue of acid salts occurred in two wells on an immune pad where the samples were stored.

Tin capsules with sediment were then wrapped and analysed for TC, TN, §'*C/§'2C and
SN/8'"“N using an elemental analyser EA Flash 2000 (Thermo) with IRMS Delta
V Advantage. The calibration curve was based on the international standard ST-Soil Standard
(Peaty). See the section 3.2.3.1 for details.

The sediment was examined for isotopic and elemental composition of OC, IC and nitrogen
within the organic fraction. Unfortunately, not all §'*C values of OC were measured due to an
error in dilution during analyses. The proportion of carbon and nitrogen within cryoconite were

also not included due an error during the measurements.
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3.2.5 X-Ray Diffraction of Cryoconite

To reveal the differences in geological composition of sediment among the three glaciers,
mineral phases of homogenized sediment were determined by an X-Ray diffraction analysis on
the PANalytical X PertPro (PW3040/60) with a X Celerator detector. The measurements were
conducted under following conditions: radiation — CuKa, 40 kV, 30 mA, angular range —3—
70° 260, step 0.02°/150 s. The results were evaluated using a X Pert HighScore Plus software
1.0d program with a JCPDS PDF-2 (ICDD, 2002) database.

3.3 Results

3.3.1 Elemental and Isotopic Composition of Tardigrades and Rotifers

Significant differences in isotopic composition (5'°C, §!°N) between tardigrades and rotifers
were found in all samples (Kruskal-Wallis chi-squared = 14.153, df = 1, p-value = 0.0001685).
All values are shown in the Table 5. Some of the samples did not have a sufficient amount of
gas (COx and NOx) to keep the linearity of the sample. These samples were removed from
statistical analyses.
Tardigrades revealed
significantly lower values
of &N isotope than
rotifers (Fig. 8). The
1sotopic values for

6N

tardigrades range between
—3.45 %0 and —4.85 %o and
for rotifers between —3.02
%0 and —1.04 %o.

Rotifera . Tardigrada : 13
Taxonomic group According to 6 °C values

of tardigrades and rotifers,
Figure 8. Differences in §!°N between tardigrades and Rotifera. the results divide animals

from each glacier into
groups with the highest 8'3C values at the Nordenskidldbreen upper part (NU) and the lowest
at the Svenbreen excluding value of tardigrades from SL.1 which are close to the samples from
Nordenskidldbreen. Isotopic values of samples from Ebbabreen are ranging close to —25 %o for
tardigrades as well as for rotifers. Animals from Nordenskidldbreen are divided into two groups
with the highest values of §!°C (around —23 %o) for samples from the first sampling session and
values close to —25 %o for samples from the second sampling session. Similarities between the

sampling sites and the glaciers are shown in the Figure 9.
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Figure 9. Isotopic signature of tardigrades and rotifers from different parts of the ablation zone
(L — lower part, U — upper part) and different sampling session (1 — first sampling, 2 — second
sampling) at Ebbabreen (red), Nordenskidldbreen (green) and Svenbreen (blue). Data are

presented in %o related to PDB and atmospheric N standards.
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Figure 10. Isotopic values of cryoconite with carbonates and without carbonates from different
parts of the ablation zone (L — lower part, U — upper part) and different sampling session (1 —
first sampling, 2 — second sampling) at Ebbabreen (red), Nordenskidldbreen (green) and

Svenbreen (blue). Data are presented in %o related to PDB and atmospheric N> standards.
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Table 5. Description of samples and values of isotopic ratios (8'3C, §!°N) of tardigrades, rotifers
and cryoconite. Isotopic values are presented as %o and related to the international standards
Pee Dee Belemnite for carbon and atmospheric N, for nitrogen. The §'>C* are values of
cryoconite after carbonate removal. Conductivity (c) and pH were measured in the field.
Conductivity values are given in uS. In case that two measurements have been made, both

values are listed. The sign (—) means that the measurement was not conducted.

Tardigrades Rotifers Cryoconite Parameters
Sample | 65N 6§ 13C 6 N 81B3C | 85N | 63C | 863C* | pH o
SL1 -3.55 | =23.75 | —1.57 | =27.09 | —2.20 | —23.72 | —22.65 5 1
SU1 -4.04 | -2636 | —1.81 | —26.69 | —2.17 | —22.92 | —22.08 | 5.57 | 69
SL2 - - -2.04 | -31.16 | —2.24 | —24.61 | —24.09 - —
SU2 —-3.52 | -2633 | —1.04 | —28.53 | —1.64 | —23.89 | —23.25 - -
—-4.39 | —-26.45
NL1 -439 | -2291 | —2.20 | —23.36 | —3.37 | —20.23 - 4.48 4
NU1 —-345 | -2330 | —1.72 | —23.25 | —2.14 | —20.13 - 5.9 3
-3.76 | —22.58 | —2.30 | —23.02
—-4.15 | —24.78 | —3.02 | —25.19 | —2.88 | —21.59 - - -
NL2 -3.93 | -25.11
EL2 - - - —27.39 | —2.30 | —16.86 | —22.24 - -
—-4.85 | =25.22 | —2.38 | —25.13 | —4.05 | —23.05 - - -
EUZ | 433 | 2515

3.3.2 Isotopic Composition of Cryoconite and its Differences between the
Sampling Sites

Isotopic analyses of cryoconite with removed tardigrades and rotifers showed differences
between samples from Svenbreen as a distinct from Ebbabreen and Nordenskidldbreen (Fig.
10). The highest value of §'°N (—1.64 %o) was detected in the sample from Svenbreen. The
lowest 8'°N was detected in the sample from the upper part of Ebbabreen with the value
—4.05 %o. Svenbreen is a representative of small glaciers in the geologically older part of
Billefjorden Fault Zone. Ebbabreen and Nordenskidldbreen are larger valley glaciers within the
geologically younger zone. X-Ray diffraction of the cryoconite showed that glaciers differ in
mineral composition. Svenbreen has the absence of dolomite and amphibole which are
dominantly found within metamorphic basement rocks around Ebba and Nordenskiold. No
phosphate minerals such as apatite were detected. Svenbreen also showed lower values of §'*C
in TC fraction compared to Ebbabreen and Nordenskidldbreen. Nevertheless, we were not able
to prove these differences with &'°C values of OC due to the lack of data from
Nordenskidldbreen and the upper part of Ebbabreen. The measured samples showed that
cryoconite after carbonate removal (relieved from the inorganic carbon) from Svenbreen has
higher values of §°C in OC in comparison with §°C of TC. Oppositely, decarbonated

cryoconite from the lower part of Ebbabreen (EL2) shows a decrease in §'°C value in
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comparison with §!°C of TC. All the above-mentioned results are summarized in the Table 5.
The comparison of &'°N values between rotifers, tardigrades and organic matter within

cryoconite is demonstrated in the Figure 11.

Figure 11. The boxplots comparing
8!°N values of tardigrades, rotifers

and organic matter within cryoconite.
2 L The diagram displays medians and

ﬂz 3 the distribution of measured 6'°N
© 4 Rotifera values. The whiskers represent the
5 Cryocomte lowest and highest measured values.
] Tardigrada
Component

3.4 Discussion

Isotopic analyses showed differences in isotopic composition of rotifers and tardigrades
between the phyla and between the glaciers. We have found that rotifers have higher values of
5N isotope compared to tardigrades, suggesting that they have probably different "N/"N
composition of the diet. Higher values of §'°N usually indicate a higher trophic level (Kling et
al. 1992, Wada 2009). However, in this case, the higher §'°N of rotifers can be also caused by
their feeding preference for cyanobacteria which have higher content of proteins and higher
85N values indicate nitrogen fixation (Nagarkar et al. 2004, Kohler et al. 2018). If we compare
8N of nitrogen from organic matter of cryoconite and §'°N of tardigrades and rotifers, we
observe that values of organic matter from cryoconite are within all samples between values of
tardigrades and rotifers (with exception of the values of rotifers from NU1 and NL2) (Fig. 11).
It suggests that the dominant proportion of organic matter within cryoconite could be possible
food for rotifers but not for tardigrades (i.e. §'°N of food is lower than §!°N of animal’s body).
According to determination of primary producers, cyanobacteria were dominant in all samples
excluding SU2 and EU2. These data could support our consideration about §'°N enrichment of
cyanobacteria compared to algae. However, the sample with the highest occurrence of algae
Mesotaenium (SU2) was also the sample with the highest 8'°N values of organic matter within

cryoconite, what could oppositely reject our speculation about §'°N values of cyanobacteria.

Generally, the 3'°C values of animals are often similar or slightly higher than §'*C values of the
animal’s diet (Wada 2009). Moreover, animals feeding on a low-protein diet (e.g. herbivores)
reflect the bulk isotopic composition of food, whereas animals feeding on high-protein diet (e.g.
carnivores) reflect the isotopic composition of fed proteins (DeNiro and Epstein 1978,
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Michener and Lajtha 2008). Therefore, the knowledge about isotopic composition of food is
necessary for the explanation of observed patterns. In contrast to §'°N in examined tardigrades
and rotifers, 8'3C values shows similar values between animals from the same glaciers across
almost all samples. These grouping patterns ought to be a result of specific composition of
nutrients occurring within each sampled transect causing similarities in isotopic fractionation
of carbon for primary producers, which are a main food for tardigrades and rotifers. It could
also be a result of similar or close food requirements of both taxa. As described by DeNiro and
Epstein (1978), different species raised on the same diet may reflect the same &'*C values of
their bodies. From feeding experiments (Ricci 1984, Mialet et al. 2013, Devetter unpublished
data) it is evident, that rotifers can consume similar food (algae, cyanobacteria) as tardigrades,
even though they prefer smaller particles. However, measured §'°N values suggest that the food
composition of tardigrades and rotifers is different. Our results show similarities in 8'*C values
of tardigrades and rotifers but differences in 8'°N values. This can also indicate that rotifers
consume DOC originating from extracellular exudates of algae but the source of nitrogen (e.g.
bacteria, cyanobacteria and organic detritus) is different. Besides predation, osmotrophy of
invertebrates was described in Chaetognatha (arrow worms) as an alternative feeding strategy
(Casanova et al. 2012), but this option remains controversial in rotifers in the light of the recent

knowledge.

The differences in §'3C values of tardigrades and rotifers between different sampling sites are
probably caused by various interconnected agents such as different nutrient inputs, community
structure, surrounding and morphology of the glacier. Moreover, the measured differences
between samples from the first and second sampling with a one-week interval between them
suggest a dynamical character of processes occurring on the glacial surface, including changes
in the input of organic and inorganic matter. It is also highly probable that due to the smaller
size, Svenbreen, which has the majority of the samples with low §'°C values, responds to these

environmental changes faster than the larger glaciers.

The small size of Svenbreen compared to Ebbabreen and Nordenskidldbreen also presumably
results in higher allochthonous input of nutrients in the form of organic matter from surrounding
habitats. Furthermore, it is possible that the depletion in 8'°C is caused by longer chains of
fractionations against 8'°C within microbial communities (possible food for invertebrates)
decomposing OM. However, for the better understanding of its functioning it is necessary to
obtain data from other trophic levels within the system. Tardigrades and rotifers from
Ebbabreen and Nordenskidldbreen have higher §!*C than animals from Svenbreen. These two
glaciers are much larger than Svenbreen and we assume that they have a lager component of
autochthonous production and input of inorganic matter (IM) from the atmosphere (Stibal et al.
2010). The high values of §'3C would then be caused by a shorter chain of transformations and
discriminations against 8'°C within organisms by the assimilation of inorganic matter
(Michener and Lajtha 2008).

34



Our results illustrate that rotifers from Svenbreen are very close to the isotopic values of rotifers
measured in the study of Shaw et al. (2018). This study focused on Antarctic soils which had
8'°N values slightly below —1 %o. Rotifers measured in Svenbreen samples ranged between
—1.04 %0 and —2.04 %o as it is shown in the Table 5. One the other hand, values of tardigrades
in our study are lower than values measured by Shaw et al. (2018). The food presented in
Shaw’s study were cyanobacterial mats, which had §'N values around —5.36 + 0.96 %o.
Nitrogen from organic matter in our samples had isotopic values ranging from —1.64 %o at the
upper part of Svenbreen (2™ sampling) to —4.05 %o for upper part of Ebbabreen (2™ sampling).
Low value of 3'°N at the Ebbabreen upper part, supported by data from Shaw et al. (2018) about
cyanobacterial mats isotopic composition, could contribute to the hypothesis that nitrogen
fixation plays an important role in case that other sources (e.g. DIN from snowmelt) are depleted
(Telling et al. 2011).

In the sample from the lower part of Svenbreen from 2™ sampling, we have found a different
composition of cryoconite. This sample had a high content of Leptolyngbya sp., and it was
dominated by rotifers. Leptolyngbya sp. is a cyanobacteria which is known as one of the
dominant species forming cryoconite aggregates in Svalbard (Kastovska et al. 2005). The same
pattern with Leptolyngbya dominances was found in the lower part of Ebbabreen, again with a
dominance of rotifers, but also with a higher abundance of tardigrades compared to Svenbreen.
A potential explanation of these differences is the presence of precipitation events preceding
the sampling which disturbed the structure of cryoconite aggregates (Zawierucha et al. 2019b)
and flushed away tardigrades which cannot stick to the cryoconite or eroded cryoconite and

favoured better food for rotifers.

The values of §'*C of decarbonated cryoconite (thus §'*C from OC) were slightly higher than
those observed in non-decarbonated cryoconite (thus §'3C of TC). It was an opposite pattern
than we expected, because carbonates have usually higher §'°C values than organic carbon
(Karhu and Holland 1996). We suggest that these results could be caused by a low content of
13C within secondary carbonates from early geological events (Hudson 1997). The §'*C values
of OC in our samples showed that the potential food source for tardigrades and rotifers has a
higher content of §'3C. It corresponds to the findings of Wada (2009) who examined the food
web structure in Lake Baikal. However, our results are not consistent with the findings of Shaw
et al. (2018) who examined soil web structure of Taylor Valley in Antarctica and described
slightly lower 8'3C values of cyanobacterial mats (possible food) compared to tardigrades and
rotifers. The differences between these results could point to differences in carbon fractionation
within polar habitats or within tardigrades and rotifers in comparison with freshwater
zooplankton. However, we cannot prove this speculation due to the absence of reliable evidence
of food requirements and carbon fractionation within microinvertebrates in our samples. We

can only state that the distribution of §'3C values of total carbon among sampling sites are
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almost equal to the distribution of §'*C within animals. We cannot show any other pattern due

to the absence of §'°C values of OC in our study.

In case of 8'°N in cryoconite, we observed the highest values at the upper part of Svenbreen.
During the sampling, Svenbreen was covered by snow and had a higher conductivity (69 uS)
in cryoconite holes than other sampling sites (1-4 uS). We assume that higher content of 8'°N
could be caused by a presence of NO3™ within the meltwater from snow (Hodson et al. 2005) or
by a retention of rainwater due to the position of the sampling site (in the saddle between two
valley glaciers). As it was reported by Telling et al. (2011), higher N fixation occurs in habitats
with low input of allochthonous ON. The upper parts of Svenbreen as well as the upper parts
of Nordenskidldbreen are not surrounded by slopes which could provide allochthonous OM as
the rest of the glacier. Therefore, this could be another explanation why we found the high §'°N
values in these places in comparison with other sampling sites.

The summarization of possible explanations of our results:

e The 8'°N values of rotifers are higher than §'°N values of tardigrades which could
suggest that food for rotifers is enriched in 8'°N in comparison with food for tardigrades.
The other possible explanation is that rotifers consume DOM from primary production
enriched in §'°N or that tardigrades consume algae which have low density in cryoconite
compared to cyanobacteria and, therefore, we cannot see their isotopic values in our
results.

e The §"3C values are almost similar between tardigrades and rotifers from the same part
of the ablation zone of one glacier or from both parts of the ablation zone from one
glacier suggesting possible similarities in composition of nutrients for primary
producers within the sampling transects or less probable similarities in food of
tardigrades and rotifers.

e The §'3C values of tardigrades and rotifers differ among the samples which could point
to the spatial differences between parts of the ablation zone and glaciers influencing
input of carbon into cryoconite holes and thus community structure of primary
producers which probably differ in length of isotopic fractionation chains thereafter.

e The community structure of primary producers differs between the upper and lower
parts of the ablation zone and between the glaciers. Samples with the highest occurrence
of cyanobacteria showed dominance of rotifers pointing to possible interconnected
agents between nutrient input and species composition of primary producers and grazers
within cryoconite holes.

e The §'°N values of organic matter within cryoconite are mostly between 3'°N values of
tardigrades and rotifers. It suggests that the dominant part of organic matter within

cryoconite represents food for rotifers.

36



e The §"C values of cryoconite show almost similar distribution as 8'*C values of
tardigrades and rotifers. This pattern indicates differences in spatial characteristics of
the nutrient input and thus differences in isotopic composition of primary producers and

consumers between glaciers.

3.5 Conclusions

Elemental and isotopic compositions of biota and its food are well-known tools for describing
ecosystem interactions. In this part of the thesis, we presented the first description of isotopic
composition of tardigrades and rotifers from cryoconite holes with the possible causes of
differences between phyla, glaciers and parts of ablation zones. The most important findings
are the differences in 8!°N values of tardigrades and rotifers and similarities in their §'°C values
among the three examined glaciers. We also introduced a modified technique of sample
preparation avoiding procedures such as sugar centrifugation, which can influence the isotopic
ratios. Due to the quantity of time demanding procedures, we did not have enough time to repeat
analyses and complete the measurements of missing samples. To get reliable results about
trophic interactions and trophic levels, it is necessary to obtain data about isotopic composition
of each group of primary producers, their species composition at the best supported by analyses
of gut content of tardigrades and rotifers (see DeNiro and Epstein 1978 and Yoshii et al. 1999).

These shortcomings are planned to be corrected during subsequent research.
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4 General Discussion and Conclusions

In the thesis, we present cryoconite holes as simple ecosystems with truncated food webs
consisting of tardigrades and rotifers as consumers, algae and cyanobacteria as primary
producers and bacteria as decomposers. We did not include protozoa and viruses into this study
and there were no predators, such as rotifer Encentrum sp. and nematodes, observed within the
examined cryoconite holes. As already introduced, the knowledge about trophic interactions
and nutrient utilization of tardigrades and rotifers inhabiting cryoconite holes remains very
poor. Here, we demonstrate the possibilities and limitations of using stable isotope and
elemental analyses in the study of the glacial microinvertebrates and the organic compounds of

cryoconite aggregates.

The crucial finding of this thesis is that tardigrades and rotifers differ in §'°N values, but they
are close in 8'°C values among similar sampling sites. These results show that there is (i) a
possibility of different isotopic fractionation of nitrogen in each taxon feeding on similar food,
(ii) a division of feeding niches causing differences in 8'°N values but similarities in §'*C values
or (iii) a consumption of DOC released from primary producers by rotifers. However, without
data about the composition of food and its isotopic values, we cannot establish any reliable
explanation of this pattern. Another important finding of present study is that within the
examined cryoconite holes, relative abundances of different species of tardigrades and rotifers
differ between the sampling sites. Dominances of mostly algivorous tardigrades or mostly
bacterivorous rotifers suggest that the community structure of primary producers can be
affected by a different grazing pressure. Moreover, different abundances of mostly
bacterivorous Pilatobius sp. or mostly algivorous Hypsibius sp. among the glaciers and parts of
the ablation zone can influence the community of primary producers and thus nutrient

utilization as well. However, the feeding strategies in both groups are likely more complex.

Based on our data, we conclude that the interactions of consumers and producers, spatial and
temporal characteristics of the glaciers and their nutrient pathways are probably strongly linked.
However, further elemental and isotopic measurements are necessary for the elucidation of the
role of these organisms within the cryoconite food web structure and within the supraglacial

environment.
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6 Appendices

Appendix 1. Table with correlations between buccal tube length and body size in all species

and individuals of tardigrades.
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Appendix 2. Boxplots with differences between buccal tube length and body size for each

species between glaciers and parts of the ablation zone.
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