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Abstract: Although Svalbard archipelago is considered as a natural laboratory for the 
environmental studies in the High Arctic, the knowledge on the transport and diversity of 
bioaerosols (aeroplankton) in the atmosphere is poorly recognized. To improve our 
knowledge about the aeroplankton over the Svalbard, we conducted a short-term study in 
the central part of the archipelago with a special focus on two important, but understudied 
in this region, airborne components: pollen grains and invertebrates. Aerobiological traps, 
three impact-type samplers and 12 pitfall-type water traps, were operated for a week of July 
2022 at three sites located near Longyearbyen, the largest settlement of Svalbard. These 
sites, that is, Platåfjellet, Longyearbreen Glacier, and glacier valley, varied in the local 
sources of biological material and altitude. In total, 11 pollen taxa were isolated from pollen 
impactors. Most of them (68%) belonged to non-native plants, for example, Alnus sp., 
Betula sp., Picea abies, or Pinus sylvestris-type pollen. In pitfall-type water traps, we found 
invertebrates representing Acari (Prostigmata, Endeostigmata and Oribatida), Collembola 
(Agrenia bidenticulata), Tardigrada (Eutardigrada) and Rotifera (Bdelloidea). The most 
taxa-rich site, both for pollen and invertebrates, was Platåfjellet, characterized by open 
landscape dominated by small cryptogams, mainly lichens and mosses, and sparse patches 
of vascular plants. Even though our sampling was short-term, we found diverse taxa 
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belonged to native and alien species, indicating that both local and long-range transport 
shape aeroplankton composition and seeding of Arctic habitats. Long-term aerobiological 
monitoring in diverse ecosystems of Svalbard is needed to understand spatio-temporal 
influence of aeroplankton on ecosystems.  

Keywords: Arctic, Spitsbergen, bioaerosols, alien species, long-range transport. 

Introduction 

Bioaerosols, also known as aerosols of biological origin or aeroplankton, have 
a vital role in sustaining the balance of the global ecosystem (Fröhlich-Nowoisky 
et al. 2016). Interactions between bioparticles released from the biosphere into 
the atmosphere shape both abiotic and biotic systems. These connections include 
the colonization of newly formed ecosystems, the reproduction and spread of 
organisms, microbial species turnover (e.g., after snow-melt), support of the 
nutrient-poor environments, such as glaciers, and ultimately the enhancement of 
animal, including human, and plant diseases (Fröhlich-Nowoisky et al. 2016; 
Šantl-Temkiv et al. 2018; Malard et al. 2023). Therefore, monitoring bioparticles 
is of high importance across time and space at various spatial scales, for example, 
to understand the mechanisms and characteristics of global atmospheric “traffic” 
(Smith 2013). 

Due to Arctic amplification, which leads to larger temperature changes in the 
Arctic region compared to the rest of the Earth, northern regions are experiencing 
severe changes. These changes include shifts in atmospheric circulation and wind 
patterns, as well as the rapid melting of ice and snow cover, which exposes new 
barren rocks and soils (Serreze and Barry 2011; Strzelecki et al. 2020; Ignatiuk 
et al. 2022). 

Therefore, the Arctic appears to be a robust study site for investigating the 
synergistic effects of changing atmospheric circulation, increasing temperatures, 
and the colonization of native and alien species in terrestrial ecosystems using 
aerobiological approaches. Indeed, atmospheric transport plays an important role 
in shaping biological communities in remote areas, such as the Arctic (Pearce 
et al. 2010). Moreover, the relatively simple polar ecosystems, characterized by 
strong seasonality, simple trophic networks, and the recent formation of new 
ecosystems in ice-free areas, are considered valuable for studies on ecosystem 
functions. These studies encompass succession processes as well as the impact of 
alien species on native flora and fauna across a wide range of habitats (Adams 
et al. 2006; Coulson 2013; Gwiazdowicz et al. 2020). 

The Svalbard archipelago is known as natural laboratory for the envi-
ronmental studies of Arctic ecosystems (Coulson 2013). This region is 
characterized by a network of meteorological stations, long-term environmental 
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monitoring in terrestrial, glacial, and marine ecosystems, which provide baseline 
for studies on the spatial distribution of animal and plant communities (Coulson 
et al. 2014; Smoła et al. 2017; Hop and Wiencke 2019; Ignatiuk et al. 2022). 
Svalbard is one of the most climatically sensitive regions in the world, drawing 
the interest of scientists as an environmental reference for Arctic amplification 
(Rogers et al. 2005). According to The State of Environmental Science in 
Svalbard Report 2022, the studies on the impurities over the Svalbard, which 
integrate the chemical, biological, and physical approaches, are crucial for 
anticipating the role of aerosols in polar ecosystems (Gevers et al. 2023). 
Expanding the spectrum of aerobiological sampling is particularly important, as 
a more in-depth characterization of aeroplankton biodiversity is currently 
lacking (Koziol et al. 2023). Therefore, we focused on the diversity of the two 
components of aeroplankton: pollen grains and invertebrates belonging to micro 
and mesofauna. Both of them could be subjected to long-range transport (LRT) 
by air masses or passively transported by humans. Under favorable 
circumstances, these factors could impact the genetic variation of the native 
population or, in the case of animals, establish new populations in remote sites, 
far from their original distribution (Greenslade and Convey 2012; Coulson et al. 
2013; Bartlett et al. 2021). 

In polar regions, spores and invertebrates are colonizers of recently emerged 
ice-free glacier forefields and moraines, contributing to the establishment of new 
ecosystems (Ingimundardóttir et al. 2014; Gwiazdowicz et al. 2020; Wietrzyk- 
Pełka et al. 2020, 2021). Moreover, the transport of pollen and invertebrates 
across glacier surfaces could provide an additional payload of nutrients for 
microbial communities in these nutrient-poor habitats (Hotaling et al. 2021). 
Finally, tracking the sources and fate of pollen and invertebrates is much easier 
than those of procaryotes, which have complex and often untraceable origins 
(Yoo et al. 2017; Xie et al. 2021). 

Only a few studies have covered the analysis of pollen in the troposphere 
over Svalbard. Notably, Polunin (1955), van der Knaap (1987), and Jędryczka 
et al. (2022) identified exotic pollen taxa within the Svalbard archipelago, 
including pollen from Pinus sp., which suggest the influence of long-range 
transport on the Svalbard environment. In contrast, Johansen and Hafsten (1988) 
detected pollen grains at Ny-Ålesund, and most of them were of local origin. The 
diversity of micro and mesofauna of this Arctic region is relatively well known 
comparing to other archipelagos (Coulson et al. 2014). Some studies investigated 
their transport by migratory birds, humans, or imported soils (Coulson et al. 
2013; Pilskog et al. 2014), and only a few projects focused on the aerial transport 
of invertebrates (Hodkinson et al. 2001; Coulson et al. 2002, 2003; Coulson 
2015). Among them, only two studies tested direct transport in the air (Coulson 
et al. 2002, 2003). 

In this study, we used impact-type samplers and pitfall-type water traps 
installed above the surface of soil in three contrasting sites within the 
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Longyearbyen area: Platåfjellet, Longyearbreen Glacier, and glacier valley. The 
main aim was to enhance our understanding of pollen and invertebrates transport 
in the atmosphere, and to explore the potential for aerobiological investigations in 
central Spitsbergen, Svalbard archipelago. 

Study area 

The Svalbard archipelago is located between the Greenland Sea to the west, 
Barents Sea to the east, Norwegian Sea to the south, and Arctic Ocean to the 
north. Topography of this Arctic region is predominantly mountainous with many 
glaciated fjords. The climatic conditions of Svalbard are shaped by high latitudes, 
the circumpolar atmospheric circulation, and the circulation of ocean currents of 
the North Atlantic (Zwoliński 2013). The prevailing wind direction over the 
archipelago is from the east as a consequence of its relative location to the low- 
pressure systems in the Norwegian Sea (Isaksen et al. 2016). Svalbard was 
covered by extensive ice sheets several times in its geological history. During the 
last ice age, almost the entire archipelago was covered by an ice sheet (Lønne and 
Lyså 2005). Currently, over half of the land in Svalbard is covered by glaciers and 
ice sheets. The forefields are strewn with cryptogams, i.e., lichens and plants that 
reproduce by spores, vascular plants, or covered by mature tundra, depending on 
the age of deglaciation and physicochemical parameters of soil (Nuth et al. 2013; 
Wietrzyk-Pełka et al. 2020, 2021). 

Spitsbergen is the biggest island in the Svalbard archipelago, situated at 
74°81'N and 10°30'E. The study area is located in the central part of the island 
(Fig. 1A), thus, the climate is more continental, drier and with a lower mean annual 
air temperature than in the remaining territory (Przybylak et al. 2014). Frequent yet 
low rainfall and average temperatures from –11.7°C in winter to +5.2°C in summer 
(1981–2010, Svalbard Airport weather station) are typical of this region. 
According to Osuch and Wawrzyniak (2017), the mean air temperature during 
the period of 1979−2014, recorded at Svalbard Airport, was –4.5°C, with February 
being the coldest month (average –13.9°C) and July the warmest (average 
+6.4°C). For the July (1991–2021), the average temperature was +4.7°C, 
precipitation 40 mm, and humidity 80% in the area of Longyearbyen (https://en. 
climate-data.org/europe/norway/svalbard/longyearbyen-27870). Throughout the 
study period, winds from the west and east prevailed, with wind speeds ranging 
from 1 mph to 19 mph (https://weatherspark.com/h/m/148359/2022/7/Historical- 
Weather-in-July-2022-at-Svalbard-Airport-Longyear;-Svalbard-&-Jan-Mayen). 
The vascular flora of Spitsbergen is dominated by grasses (e.g., genera like 
Festuca, Poa, and Puccinellia), sedges (Carex sp.), rushes (Juncus sp.), wood- 
rushes (Luzula sp.), some herbaceous plants (e.g., Saxifraga sp., Silene sp., Draba 
sp., and Ranunculus sp.), and shrubs (Dryas octopetala L. and Salix sp.) (Elven and 
Elvebakk 1996; Borysiak 2013). 
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Methods 

Trap locations. — Aerobiological monitoring was conducted at three sites 
located near Longyearbyen (Svalbard): Platåfjellet (78°12'N, 15°34'E, ca. 430 m 
a.s.l.) – abbreviated P, Longyearbreen Glacier (78°11'N, 15°30'E, ca. 350 m 
a.s.l.) – abbreviated G, and valley (78°11'N, 15°33'E, ca. 165 m a.s.l.) – 
abbreviated V on Fig. 1B. Platåfjellet (Mount Plateau) is a wide flat area (plateau) 
located to the west of the city. It is mainly covered by rocks and stones, with 
sparse vegetation – predominantly mosses and lichens, and scattered vascular 
plants hidden between rocks, for example, Salix polaris Wahlenb., Saxifraga 
hiperborea Brown, Chlor. Melvill., S. cernua L., Micranthes nivalis (L.) Small, 
Pedicularis hirsuta L., Luzula confusa Lindeb., Cerastium sp., and Draba sp. 
(own observations). Longyearbreen Glacier is a small cold-based valley glacier 
with northern exposition (Hodson et al. 2010). The sampling site was located on 
the lateral moraine ca. 5 m from the debris-free ice surface, and was 
characterized by exposed bare rocks covering ice, devoid of vascular plants 
and bryophytes. The third sampling site was located on a high embankment in the 
glacier valley around 1 km from the glacier. Within a radius of several dozen 
meters, the area was free of flowering plants. The nearest rich and compact 
cluster of vascular plants was located about 50 m to the east, near the former 
kennel. However, the bryophytes were common. The monitoring was conducted 
from 19th to 24th of July 2022, i.e., six days in total. 

Fig. 1. Svalbard archipelago with sampling area indicated by red dot (A), and marked sampling 
locations (B): P – Platåfjellet; G – Longyearbreen Glacier; V – Valley. Adopted from https:// 
toposvalbard.npolar.no. 
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Pollen and invertebrate collection. — The airborne pollen grains were 
collected with three impactors similar in design to pollen trap developed by 
Blackley (1873). In short, each impactor contained four upright microscope slides 
coated with standard adhesive (silicone) in accordance with the recommendations of 
European Aerobiology Society (Galan et al. 2014). The slides were attached to the 
walls of the cuboid in such a way that each slide faced different points of the 
compass. The microscope slides were protected from rain by a cover (Fig. 2A, B). 
After the sampling, slides were mounted using glycerine-gelatine media stained 
with fuchsine and closed with cover slides. All slides were investigated with light 
microscope (400x). Whole slide area was investigated and pollen grains number 
was expressed as pollen grain per slide (pollen/slide). Since the exact volume of air 
reaching the trap could not be determined, it was not possible to calculate the exact 
pollen concentration as with standard volumetric methods (Galan et al. 2014). 
Invertebrates were collected to 12 pitfall-type water traps, four traps per site 
(Fig. 2C), installed between stones 20–30 cm above the ground surface. 

Air mass back trajectory and atmospheric dispersion modelling. — 
Backward air mass trajectories were calculated using the Hybrid Single Particle 
Lagrangian Integrated Trajectory model (HYSPLIT) (Stein et al. 2015; Rolph 
et al. 2017). Global Data Assimilation System (GDAS) meteorological data with 
a spatial resolution of 0.25°×0.25° were applied. HYSPLIT trajectories were 
calculated 72 hours back in time with two-hour steps between each trajectory, 
i.e., 12 trajectories each day, for every day between 19th and 24th of July 2022. 
Three starting heights of back-trajectories: 500 m, 1000 m, and 1500 m have been 
chosen, to take into account variations in air mass directions with increasing 
altitude. The particle dispersion modelling analysis within HYSPLIT was applied 
to verify whether pollen released from potential source areas (indicated by 
backward air mass trajectories) could reach Svalbard. We calculated the forward 
HYSPLIT dispersion of particles with a settling velocity of 0.012 cm s-1 which is 
the mean value estimated for birch pollen, here chosen as a model pollen 
(Jackson and Lyford 1999; Sofiev et al. 2006). The simulations were performed 

Fig. 2. Pollen trap (A, B) and pitfall-type water trap (C). 
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using GDAS 0.25°×0.25° resolution meteorological data. The modelling 
parameters were as follow: (i) particle release starting time – every day at 
12:00 between 16–22 July 2022; (ii) release duration – eight hours; (iii) the 
release top and bottom heights – 15 m and 1 m, respectively, to indicate the 
release of pollen from trees/shrubs; (iv) runtime parameters – 72 hours, with an 
averaging period of eight hours and a top of averaged layer of 500 m a.g.l. As the 
exact release quantity of pollen was unknown, the parameter was set up to one 
unit of mass (according to HYSPLIT instruction), so the resulting concentrations 
represent a dilution factor (1/m3) instead of true air concentrations, and provide 
a “footprint” of the dispersion pattern. 

Invertebrate identification. — The mite specimens were mounted on 
microscopic slides in Hoyer’s medium and examined with PC microscope 
Olympus BX50. The photographs were taken with the aid of a digital SLR 
camera attached to the DIC microscope Olympus BX51. The specimens were 
identified to the family-level using the key by Krantz and Walter (2009) and 
subsequently to the genus- or species-level using the keys by Pritchard and Keifer 
(1958), Strandtmann (1971), Zacharda (1980), Uusitalo (2010), Khaustov (2014), 
and Hernandes et al. (2016). 

Springtails were identified to the species level with taxonomic key by Potapov 
(2001). One specimen was identifiable only at family level, because of the bad 
state of preservation and the juvenile stage. Specimens were preserved at –20° 
C in 75% ethanol. For slide preparation, they were cleared by a short immersion in 
10% KOH solution, and then, they were passed in Chloralphenol. Finally, they 
were mounted on slides using Swann medium as preservative solution (Rusek 
1975). Tardigrada were mounted in Hoyer medium and identified according to 
description by Kaczmarek et al. (2018). Bdelloid rotifers were not identified. 

Results 

Pollen. — In total, 95 pollen grains, belonging to 11 taxa of plants at various 
taxonomic levels, i.e., species/genus and family, were counted. Unidentified pollen, 
for instance, damaged, crushed, and fragmented grains, constituted 22% of all 
pollen. Further analyses concern only identified pollen grains, 74 grains in total. 

Most of pollen (68%) belonged to non-native plants, that is, Alnus sp., Betula 
sp., Juniperus communis L., Picea abies (L.) Karst, Pinus sylvestris-type pollen, 
and Urtica sp. (Fig. 3). The following taxa were included in the group of the native 
pollen grains: Saxifraga sp., Cerastium sp., Salix sp., Oxyria digyna (L.) Hill., and 
Poaceae. The most common pollen taxa were Betula sp., Poaceae, Pinus sylvestris- 
type pollen, and Cerastium sp.; 34%, 12%, 9%, and 9%, respectively (Fig. 4). The 
highest number of pollen grains was isolated from Platåfjellet (53%), while the 
lowest on Longyearbreen Glacier (21%), where, additionally, only non-native 
pollen grains were observed (Fig. 5). We did not observe any clear differences 
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between the number of pollen grains deposited on slides facing different directions 
of the world; however, the highest number of pollen grains was deposited at 
Platåfjellet on slide directed to the south, i.e., 16% (Fig. S1). 

Air mass back trajectory analysis revealed that, during the collection period, 
the air masses were originating from south (20th and 21st of July), south-east 
(19th, 22nd, and 23rd of July) and east (24th of July) (Fig. 6). The most distinct 

Fig. 3. Examples of pollen grains collected in the air, vicinity of Longyearbyean: (A) Cerastium sp., 
(B) Poaceae, (C) Picea abies, (D) Pinus sylvestris-type pollen, (E) Betula sp., and (F) Oxyria digyna. 

Fig. 4. Pollen grains collected at three monitoring stations. 
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Fig. 5. Native and non-native pollen grains collected at three monitoring stations. 

Fig. 6. Air mass back trajectory analysis (calculated by HYSPLIT model) showing the air mass 
movement to Longyearbyen between 19–25 July 2022 (starting height: 1000 m, duration: 72 hours). 
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pathways, characterized by compact uniform trajectories, were observed on 
20th and 24th of July. During these days, the air masses were approaching from 
Northern Scandinavia and Novaya Zemlya, respectively. The vegetation on 
Novaya Zemlya largely consists of Arctic tundra, thus lacks tree species (Tishkov 
2012), unlike Northern Scandinavia. The HYSPLIT particle dispersion analysis 
showed that both birch and pine pollen released from the central part of Northern 
Scandinavia on 18th July at 12:00 would reach Svalbard within 48–56 hours, 
which is consistent with the results of the backward air mass trajectory analysis 
(Fig. 7). 

Invertebrates. — In the pitfall water traps, we found representatives of 
micro- and mesofauna: Acari, Collembola, Tardigrada, and Rotifera (Table 1). 
The most abundant were mites (25 specimens; Fig. 8), followed by Collembola 
(13 specimens), Tardigrada (3 specimens) and Rotifera (a single specimen). 
We did not find invertebrates on sticky traps. The most taxon-rich site was 
Platåfjellet. Mites were found in Platåfjellet and glacier valley, rotifers and 
tardigrades on Platåfjellet, while collembolans on the glacier moraine only. In 
the traps, we found macroscopic, flying insects dominated by dipterans, which 

Fig. 7. Particle dispersion modelling (calculated by HYSPLIT model) showing the movement of 
particle plum (settling velocity = 0.012 cm s-1) from potential source of pollen in North Scandinavia 
(start date: 18 July 2022, time:12:00). 
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Ta b l e  1 .  

List of invertebrates found in pitfall traps located above the ground  
in the area of Longyearbyen. Numbers of specimens are in brackets. Abbreviations:  

P – Platåfjellet, G – Longyearbreen Glacier, V – Valley. 

Locality P G V Remarks 
TARDIGRADA 

Mesobiotus cf. harmsworthi 
(Murray, 1907) (1) +     

Originally described from Svalbard (Kaczmarek et al. 
2018). Common across Arctic tundra ecosystems 
(Zawierucha et al. 2016). Proper identification  
of the species requires eggs. 

Unidentified (2) +       
ROTIFERA 
Bdelloidea (1) +       
ACARI 
Oribatida 
Camisia (Camisia) ?horrida 
(Hermann, 1804) (1) +     Previously reported from Svalbard. Semi-cosmopolitan 

species. 
Undetermined juveniles (2) +       
Endeostigmata 
Nanorchestes cf. antarcticus 
Strandtmann, 1963 sensu 
Uusitalo (2010)* (1)     

+ New to fauna of Svalbard. Previously reported from Italy, 
Russia, and Poland (Uusitalo 2010; Laniecki et al. 2021). 

Prostigmata 
Cyta latirostris (Hermann, 
1804) (3) +     Previously reported from Svalbard. Cosmopolitan 

species (Seniczak et al. 2020). 

Thoria brevisensilla Zacharda, 
1980* (2)     + 

New to fauna of Svalbard. Previously reported from 
Czech Republic and Poland (Zacharda 1980; Laniecki 
et al. 2021). 

Eupodes sp. (4) +     

Until now only E. variegatus C.L. Koch, 1838 was 
recorded from Svalbard (Thor 1930, 1934b), but  
its identity remains uncertain. The genus requires  
major revision. 

Neoprotereunetes aff. 
boerneri (Thor, 1934) (1) +     Resembles N. boerneri, until now reported from Svalbard 

and Alaska (Thor 1934a; Strandtmann 1971). 

Bryobia sp. (2) +   + 
Differ by morphology from other Bryobia reported from 
Svalbard hitherto, according to the key of Pritchard  
and Keifer (1958). 

Trombiculidae (unidentified 
larva) (1) +       

COLLEMBOLA 

Agrenia bidenticulata 
(Tullberg, 1876) (12)   +   

Previously reported from Svalbard. Common in tundra 
and glacier adjacent ecosystems (Zmudczyńska et al. 
2015; Gwiazdowicz et al. 2020). 

Unidentified juvenile (1)   +      

* new to Svalbard. 
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likely flied into the funnels located 30 cm above the ground level. Therefore, 
we excluded them from our analysis and did not consider as passively transported 
in the wind. 

Discussion 

In this study, we used short-term, spatial approach to the identification of 
aeroplankton, that is, pollen grains and invertebrates, in central Spitsbergen. 
Aeroplankton over Svalbard originate from both local sources and LRT and was 
detected in all sampling sites (Fig. 9). We found both alien and native pollen. 
Invertebrates included the dominant terrestrial micro- and mesofauna in Svalbard 
(Acari, Collembola, Rotifera, and Tardigrada), excluding Nematoda (Fig. 9). 
According to our expectations, the most abundant and taxa-rich site was 
Platåfjellet with open landscape, strong wind gusts, variety of cryptogams, and 
sparse vascular plant cover. 

Pollen. — Most of the pollen (68%) isolated from pollen traps belonged to 
non-native pollen, suggesting the influence of the long-range transport (LRT) 
phenomenon. The alien pollen originates from five tree taxa (Pinus sylvestris- 
type pollen, Picea abies, Betula sp., Alnus sp. and Juniperus communis) and one 
weed (Urtica sp.). Birch pollen was considered alien, as only scattered B. nana L. 
populations are found in Svalbard (Alsos and Engelskjøn 2002). All the listed 
plants have wide distribution range, with the northernmost populations located in 
Northern Scandinavia (Arnborg 1990; Enescu et al. 2016; Houston Durrant et al. 
2016). Based on backward air mass trajectories analysis and particles dispersion 
modelling, it can be concluded that this area was the source of alien pollen 
recorded in the area of Longyearbyen. Windborne pollen grains are small, except 

Fig. 8. Representatives of mites: (A) Bryobia sp. from Plateau and Valley, and (B) Eupodes sp. from 
Plateau. 
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for Pinaceae pollen, which have special two air sacs acting as “balloons”, light, 
and dry; hence they can be easily uplifted to upper troposphere where they 
remain suspended by many hours (Niklas 1985). 

Longyearbyen is located approximately 1000 km from the nearest tree 
populations of Northern Scandinavia. The LRT episodes extending over hundreds 
of kilometres were previously reported for such pollen types as Betula sp. (Skjøth 
et al. 2007; Bogawski et al. 2019), Alnus sp. (Picornell et al. 2020), Pinus 
sylvestris-type pollen and Picea sp. (Szczepanek et al. 2017). The LRT transport 
of pollen to Svalbard, Greenland and Northern Canada have also been previously 
described (Johansen and Hafsten 1988; Campbell et al. 1999; Rousseau et al. 
2003, 2006, 2008; Jędryczka et al. 2022), suggesting that this could be a common 
phenomenon. For instance, Roussseau et al. (2008) concluded that transport of 
pollen from North America to Greenland is a general pattern, occurring every 
spring, following the main cyclone tracks reaching Greenland.  

During our short-term monitoring study, we have also captured pollen grains 
of local plants, such as Saxifraga sp. and Cerastium sp. Both of them belong to 
insect-pollinated plants with pollen grains poorly adapted to wind dispersion; for 
example, they are often sticky due to pollenkitt presence, have ornamented pollen 
wall and relatively large size, and are produced in lower quantities (Hu et al. 
2008). As a result, insect-pollinated pollen grains are transported on very short 
distances from the source plant (Hall and Walter 2011). Strikingly, these native 
pollen grains were observed in Platåfjellet and moraine traps (glacier was devoid 
of vascular plants). In addition, relatively high amount of anemophilous Oxyria 
digyna pollen was recorded, concurring with previous studies (Johansen and 

Fig. 9. Scheme presenting study area with aeroplankton transported by LRT and local transport. 
Aeroplankton, both pollen and invertebrates, were found in all sampling sites. 
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Hafsten 1988; Jędryczka et al. 2022). We detected significant number of grass 
pollen (12% of total pollen number) in contrast to Johansen and Hafsten (1988), 
who did not detect grass pollen throughout the entire study period (from April to 
August 1986) in Ny-Ålesund. High frequency of viviparity among the local 
grasses in high-Arctic regions could be responsible for these surprising results 
(Elmqvis and Cox 1996). On the other hand, such marked differences may in fact 
indicate that recent changes in Svalbard, in terms of climate, land cover and 
herbivorous pressure, are transforming the vegetation structure in favour of 
grassland. For instance, it is projected that plant groups with rapid growth, e.g., 
grasses, may have greater potential to increase their dominance than the woody 
species currently established in Svalbard, because the latter group features 
relatively slower growth rates (https://www.npolar.no). In addition, the impact of 
grazing animals, such as barnacle goose Branta leucopsis, which population in 
Svalbard has increased rapidly during last decades (Tombre et al. 2019), may to 
some degree be expected to favour grasses. For instance, grazing stimulates 
growth rates of some grasses resulting in increased cumulative leaf length 
production, and nutrients released with goose faeces may enhance grass growth 
rates (Cooper et al. 2006). 

Invertebrates. — The relatively high abundance of arthropods and other 
minute fauna in samples located at Platåfjellet and in the valley is likely related to 
the presence of cryptogams in sampling sites, hosting diverse faunal commu-
nities. Also, an open type of landscape may favor dispersal by strong wind gusts 
(Coulson et al. 2014). In the traps, we found windblown parts of bryophytes 
which can serve as a dispersal platform for some invertebrates. Data on the 
migration of invertebrates in the wind over Svalbard ecosystems virtually do not 
exist (Hodkinson et al. 2001; Coulson et al. 2002, 2003). Although Coulson et al. 
(2003) used sticky traps in glacier forefield in Kongsfjorden in order to track the 
invertebrate, authors focused on the macroscopic Hymenoptera, Trichoptera, and 
Araneae. Therefore, our study is the first to investigate the airborne transport of 
microscopic invertebrates in Svalbard. 

Although microscopic invertebrates, like tardigrades, could be distributed 
through LRT (Zawierucha et al. 2023), there is no sufficient evidence that the 
newly recorded mite species, e.g., Thoria brevisensilla Zacharda, 1980 and 
Nanorchestes cf. antarcticus Strandtmann, 1963 sensu Uusitalo (2010), are alien 
to the Svalbard fauna (Table 1). They might have been overlooked in previous 
studies or assigned to other species known at that time. Due to heterogeneity of 
Arctic ecosystems, diverse climate, and potential ice-free refugia in the past, 
Arctic acarine fauna is diverse and still underestimated (Coulson et al. 2014; 
Gwiazdowicz et al. 2020; Seniczak et al. 2020). Tardigrades and rotifers 
are ubiquitous microfauna in ecosystems around the world, including polar 
regions (Coulson et al. 2014; Zawierucha et al. 2016; Devetter et al. 2021). 
They are transported in wind over short and long distances (Janiec 1996). 
Tardigrades found in this study, Mesobiotus cf. harmsworthi (Murray, 1907), 
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are common in Svalbard archipelago, inhabiting diverse substratum (Zawierucha 
et al. 2016, 2017). 

Janiec (1996) suggested that invertebrates (rotifers, tardigrades, and 
nematodes) traveling with wind are likely first faunal migrants in glacier 
forefields in maritime Antarctica. Considering our findings, microscopic micro- 
and mesofauna could be first, wind-blown migrants in ice free areas of Svalbard. 
For example, Agrenia bidenticulata (Tullberg, 1876) is a springtail species 
restricted to Holarctic colder and wetter region, common in Arctic and mountain 
regions (Fjellberg and Bernard 2009), and is an important early pioneer species in 
very young terrains of glacier foreland (Hagvar et al. 2020). Flø and Hågvar 
(2013) reported this species as part of the airborne microarthropods collected 
with fallout traps in areas close to a retreating glacier in South Norway. For 
instance, mites in the traps represented different feeding modes: algivorous, 
fungivorous, predatory, or even obligatory ectoparasites of mammals (Trombi-
culidae – chigger mites), which suggests that wind could contribute to the 
complexity of trophic networks in forefields and tundra, and even increase the 
parasitism through the passive transport of invertebrates. Indeed, wind could be 
a vector for different group of mites including, parasitic species (Michalska et al. 
2010; De Azevedo et al. 2022). 

Still, taxonomic obstacles often prevent the proper identification of 
invertebrates, thus preparation of a detailed list of species is impossible due to 
scarcity of material. For example, the cosmopolitan genus Eupodes (four 
specimens) is the richest of the family Eupodidae (over 50 described species), 
with many subjective synonymies impossible to verify, and perhaps even more 
yet unrevealed synonyms and homonyms. Thor (1930, 1934a) recorded 
E. variegatus C.L. Koch, 1838 from Svalbard, but its identity is hard to 
determine. Collected specimens may also belong to one of the three species 
described by Thor (1934b) from continental Norway; however, their descriptions 
do not enable any explicit identification. Thus, the identification was left at 
the genus-level only, until the relation between boreal Eupodes species can 
be understood. 

Future implications. — Atmospheric transport of other bioaerosols, such as 
spores, cysts, and seeds, implies new scenarios for future colonization of different 
ecosystems of Svalbard. Alien species and warming are two of the important 
factors impacting terrestrial ecosystems in Polar regions (CAFF-PAME 2017). 
The successful colonization by alien plants is, in polar regions, generally lower 
than elsewhere in the world (Wasowicz et al. 2020). However, the history of 
moss and microfaunal colonization of the virgin volcanic island near Iceland 
show, that such a phenomenon has already occurred and could be common 
(Frederiksen et al. 2001; Ingimundardóttir et al. 2014). In addition, in Europe, 
Svalbard archipelago experienced significant temperature increase during the last 
three decades (Nordli et al. 2014), and indeed, Bartlett et al. (2021) found alien 
species in Svalbard archipelago colonizing both natural sites and human 
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settlements. The monitoring of other biological particles, such as fungal spores, 
is generally lacking in the Arctic (Pusz and Urbaniak 2021; Koziol et al. 2023). 
The pathogenic LRT species may have a detrimental effect on native vegetation 
(Brown and Hovmøller 2002), while alien species could potentially become 
invasive. 

Conclusions 

Our short-term aerobiological research has yielded important insights into 
aeroplankton in Arctic ecosystems. We identified pollen and micro- and 
mesofauna originating from both local sources and long-range transport (LRT) 
in contrasting Arctic habitats. Bioaerosols, such as pollen grains and 
invertebrates, may constitute a significant allochthonous source of organic 
matter for other ecosystems. For example, our discovery of pollen in glacial sites 
suggests that they could provide an additional nutrient source for supraglacial 
ecosystems. At modern glacier forefields, wind becomes the vector for the initial 
faunal migrants that shape soil and freshwater ecosystems, underscoring the 
importance of aerobiology in understanding processes in proglacial ecosystems. 
This is particularly relevant in Svalbard, where a substantial portion of the area is 
covered by melting glaciers. Comprehensive studies of airborne biodiversity 
across Svalbard are crucial for understanding extinction, colonization, and other 
ecological processes in both freshwater and terrestrial ecosystems. 

Acknowledgements. — The studies were conducted within the BIOGEOEKO 
summer school for students of the Faculty of Biology at Adam Mickiewicz University 
financed by Dean of Faculty, Doctoral School of Environmental Sciences and Rector of 
AMU. The sampling was conducted within RIS (ID: 12034). The authors thank Wojciech 
L. Magowski from the Department of Animal Taxonomy and Ecology, AMU, Poznań for 
preparing the photographs of mites. We are also grateful to reviewers for their valuable 
comments.  

Appendix. Fig. S1. Number of pollen grains collected at three monitoring 
stations with respect to direction of the compass. 

References 

Adams B.J., Bardgett R.D., Ayres E., Wall D.H., Aislabie J., Bamforth S., Bargagli R., Cary C., 
Cavacini P., Connell L., Convey P., Fell J.W., Frati F., Hogg I.D., Newsham K.K., O’Donnell 
A.G., Russell N., Seppelt R.D. and Stevens M.I. 2006. Diversity and distribution of Victoria 
Land biota. Soil Biology and Biochemistry 38: 3003–3018. doi: 10.1016/j.soilbio.2006.04.030 

Alsos I.G., Engelskjøn T. and Brochmann C. 2002. Conservation genetics and population history of 
Betula nana, Vaccinium uliginosum, and Campanula rotundifolia in the Arctic Archipelago of 

58 Łukasz Grewling et al. 

https://doi.org/10.1016/j.soilbio.2006.04.030


Svalbard. Arctic, Antarctic, and Alpine Research 34: 408–418. doi: 10.1080/15230430. 
2002.12003511 

Arnborg T. 1990. Forest types of northern Sweden. Vegetation 90: 1–13. 
Bartlett J.C., Westergaard K.B., Paulsen I.M., Wedegärtner R.E., Wilken F. and Ravolainen V. 

2021. Moving out of town? The status of alien plants in high‐Arctic Svalbard, and a method 
for monitoring of alien flora in high‐risk, polar environments. Ecological Solutions and 
Evidence 2: e12056. doi: 10.1002/2688-8319.12056 

Blackley C. 1873. Experimental researches on the causes and nature of Catarrhus aestivus (Hay 
fever or hay asthma). Balliere, Tindall & Cox, London. 

Bogawski P., Borycka K., Grewling Ł. and Kasprzyk I. 2019. Detecting distant sources of airborne 
pollen for Poland: Integrating back-trajectory and dispersion modelling with a satellite-based 
phenology. Science of the Total Environment 689: 109–125. doi: 10.1016/j.scitotenv.2019.06.348 

Borysiak J. 2013. Geographical Environment of Spitsbergen: plants and animals. In: Zwoliński Z., 
Kostrzewski A. and Pulina M. (eds.) Dawne i współczesne geoekosystemy Spitsbergenu. 
Polskie badania geomorfologiczne. Bogucki Wydawnictwo Naukowe, Poznań: 40–47. 

Brown J.K.M. and Hovmøller M.S. 2002. Aerial dispersal of pathogens on the global and 
continental scales and its impact on plant disease. Science 297: 537–541. doi: 10.1126/ 
science.1072678 

CAFF and PAME 2017. Arctic Invasive Alien Species (ARIAS): Strategy and action Plan. CAFF 
and PAME, Akureyri, Iceland. 

Campbell I.D., McDonald K., Flannigan M.D. and Kringayark J. 1999. Long-distance transport of 
pollen into the Arctic. Nature 399: 29–30. doi: 10.1038/19891 

Cooper E.J., Jónsdóttir I.S. and Pahud A. 2006. Grazing by captive Barnacle geese affects 
graminoid growth and productivity on Svalbard. Memoirs of National Institute of Polar 
Research, Special Issue 59: 1–15. 

Coulson S.J. 2013. The terrestrial invertebrate fauna of the Svalbard archipelago in a changing 
world: history of research and challenges. Canadian Entomologist 145: 131–146. doi: 
10.4039/tce.2012.110 

Coulson S.J. 2015. The alien terrestrial invertebrate fauna of the High Arctic Archipelago of 
Svalbard: potential implications for the native flora and fauna. Polar Research 34: 27364. doi: 
10.3402/polar.v34.27364 

Coulson S.J., Hodkinson I.D. and Webb N.R. 2003. Aerial dispersal of invertebrates over a high- 
Arctic glacier foreland: Midtre Lovenbreen, Svalbard. Polar Biology 26: 530–537. doi: 
10.1007/s00300-003-0516-x 

Coulson S.J., Hodkinson I.D., Webb N.R., Mikkola K., Harrison J.A. and Pedgley D.E. 2002. 
Aerial colonization of high Arctic islands by invertebrates: the diamondback moth Plutella 
xylostella (Lepidoptera: Yponomeutidae) as a potential indicator species. Diversity and 
Distributions 8: 327–334. doi: 10.1046/j.1472-4642.2002.00157.x 

Coulson S.J., Fjellberg A., Gwiazdowicz D.J., Lebedeva N.V., Melekhina E.N., Solhøy T., Erséus 
C., Maraldo K., Miko L., Schatz H., Schmelz R.M., Søli G. and Stur E. 2013. Introduction of 
invertebrates into the High Arctic via imported soils: the case of Barentsburg in the Svalbard. 
Biological Invasions 15: 1–5. doi: 10.1007/s10530-012-0277-y 

Coulson S.J., Convey P., Aakra K., Aarvik L., Ávila-Jiménez M.L., Babenko A., Biersma E.M., 
Boström S., Brittain J.E., Carlsson A.M., Christoffersen K., De Smeti W.H., Ekrem T., 
Fjellberg A., Füreder L., Gustafsson D., Gwiazdowicz D.J., Hansen L.O., Holmstrup M., 
Hullé M., Kaczmarek Ł, Kolicka M., Kuklin V., Lakka H.-K., Lebedeva N., Makarova O., 
Maraldo K., Melekhina E., Ødegaard F., Pilskog H.E., Simon J.C., Sohlenius B., Solhøy T., 
Søli G., Stur E., Tanasevitch A., Taskaeva A., Velle G., Zawierucha K. and Zmudczyńska- 
Skarbek K. 2014. The terrestrial and freshwater invertebrate biodiversity of the archipelagos 
of the Barents Sea; Svalbard, Franz Josef Land and Novaya Zemlya. Soil Biology and 
Biochemistry 68: 440–470. doi: 10.1016/j.soilbio.2013.10.006 

Aeroplankton over central Spitsbergen 59 

https://doi.org/10.1080/15230430.2002.12003511
https://doi.org/10.1080/15230430.2002.12003511
https://doi.org/10.1002/2688-8319.12056
https://doi.org/10.1016/j.scitotenv.2019.06.348
https://doi.org/10.1126/science.1072678
https://doi.org/10.1126/science.1072678
https://doi.org/10.1038/19891
https://doi.org/10.4039/tce.2012.110
https://doi.org/10.4039/tce.2012.110
https://doi.org/10.3402/polar.v34.27364
https://doi.org/10.3402/polar.v34.27364
https://doi.org/10.1007/s00300-003-0516-x
https://doi.org/10.1007/s00300-003-0516-x
https://doi.org/10.1046/j.1472-4642.2002.00157.x
https://doi.org/10.1007/s10530-012-0277-y
https://doi.org/10.1016/j.soilbio.2013.10.006


De Azevedo A.O., Gondim Jr M.G.C., da Silva Melo J.W., Barbosa V.M., de Lima Melo D.B. and 
Calvet É.C. 2022. Aerial dispersal of Raoiella indica Hirst (Acari: Tenuipalpidae): Influence 
of biotic and abiotic factors, dispersal potential and colonization rate. Systematic and Applied 
Acarology 27: 2166–2179. doi: 10.11158/saa.27.11.4 

Devetter M., Háněl L., Raschmanová N., Bryndová M. and Schlaghamerský J. 2021. Terrestrial 
invertebrates along a gradient of deglaciation in Svalbard: Long-term development of soil 
fauna communities. Geoderma 383: 114720. doi: 10.1016/j.geoderma.2020.114720 

Elmqvist T. and Cox P.A. 1996. The evolution of vivipary in flowering plants. Oikos 77: 3–9. doi: 
10.2307/3545579 

Elven R. and Elvebakk A. 1996. A catalogue of Svalbard plants, fungi, algae, and cyanobacteria. 
Part 1. Vascular plants. Skrifter-Norsk Polarinstitutt 198: 9–55. 

Enescu C. M., Houston Durrant T., Caudullo G. and de Rigo D. 2016. Juniperus communis in 
Europe: distribution, habitat, usage and threats. In: San-Miguel-Ayanz J., de Rigo D., 
Caudullo G., Houston Durrant T. and Mauri A. (eds.) European Atlas of Forest Tree Species. 
Publication Office of the EU, Luxembourg: e01d2de+. 

Fjellberg A. and Bernard E.C. 2009. Review of Agrenia Börner, 1906 with descriptions of four new 
species from North America (Collembola, Isotomidae). Zootaxa 2306: 17–28. doi: 10.11646/ 
zootaxa.2306.1.2 

Flø D. and Hågvar S. 2013. Aerial dispersal of invertebrates and mosses close to a receding alpine 
glacier in Southern Norway. Arctic, Antarctic, and Alpine Research 45: 481–490. doi: 
10.1657/1938-4246-45.4.481 

Frederiksen H.B., Kraglund H-O. and Ekelund F. 2001. Microfaunal primary succession on the of 
Surtsey, Iceland. Polar Research 1: 61–73. doi: 10.1111/j.1751-8369.2001.tb00039.x 

Fröhlich-Nowoisky J., Kampf C. J., Weber B., Huffman J.A., Pöhlker C., Andreae M.O., Lang- 
Yona N., Burrows S.M., Gunthe S.S., Elbert W., Su H., Hoor P., Thines E., Hoffmann T., Després 
V.R. and Pöschl U. 2016. Bioaerosols in the Earth system: Climate, health, and ecosystem 
interactions. Atmospheric Research 182: 346–376. doi: 10.1016/j.atmosres.2016.07.018 

Galan C., Smith M., Thibaudon M., Frenguelli G., Oteros J., Gehrig R., Berger U., Clot B., Brandao 
R. and EAS QC Working Group 2014. Pollen monitoring: minimum requirements and 
reproducibility of analysis. Aerobiologia 30: 385–395. doi: 10.1007/s10453-014-9335-5 

Gevers M., David D.T., Thakur R.C., Hübner C. and Jania J. (eds.) 2023. SESS report 2022, 
Svalbard Integrated Arctic Earth Observing System. SIOS, Longyearbyen. 

Greenslade P. and Convey P. 2012. Exotic Collembola on subantarctic islands: pathways, origins 
and biology. Biological Invasions 14: 405–417. doi: 10.1007/s10530-011-0086-8 

Gwiazdowicz D.J., Zawieja B., Olejniczak I., Skubała P., Gdula A.K. and Coulson S.J. 2020. 
Changing microarthropod communities in front of a receding glacier in the high Arctic. Insects 
11: 226. doi: 10.3390/insects11040226 

Hall J.A. and Walter G.H. 2011. Does pollen aerodynamics correlate with pollination vector? Pollen 
settling velocity as a test for wind versus insect pollination among cycads (Gymnospermae: 
Cycadaceae: Zamiaceae). Biological Journal of the Linnean Society 104: 75–92. doi: 10.1111/ 
j.1095-8312.2011.01695.x 

Hågvar S., Gobbi M., Kaufmann R., Ingimarsdóttir M., Caccianiga M., Valle B., Pantini P., Pietro 
P., Fanciulli and Vater A. 2020. Ecosystem birth near melting glacier: A review on the pioneer 
role of ground-dwelling arthropods. Insects 11: 644. doi: 10.3390/insects11090644 

Hernandes F.A., Skvarla M.J., Fisher J.R., Dowling A.P.G., Ochoa R., Ueckermann E.A. and 
Bauchan, G.R. 2016. Catalogue of snout mites (Acariformes: Bdellidae) of the world. Zootaxa 
4152: 1–83. doi: 10.11646/zootaxa.4152.1.1 

Hodkinson I.D., Coulson S.J., Harrison J. and Webb N.R. 2001. What a wonderful web they weave: 
spiders, nutrient capture and early ecosystem development in the high Arctic – some counter- 
intuitive ideas on community assembly. Oikos 95: 349–352. doi: 10.1034/j.1600-0706. 
2001.950217.x 

60 Łukasz Grewling et al. 

https://doi.org/10.11158/saa.27.11.4
https://doi.org/10.1016/j.geoderma.2020.114720
https://doi.org/10.2307/3545579
https://doi.org/10.2307/3545579
https://doi.org/10.11646/zootaxa.2306.1.2
https://doi.org/10.11646/zootaxa.2306.1.2
https://doi.org/10.1657/1938-4246-45.4.481
https://doi.org/10.1657/1938-4246-45.4.481
https://doi.org/10.1111/j.1751-8369.2001.tb00039.x
https://doi.org/10.1016/j.atmosres.2016.07.018
https://doi.org/10.1007/s10453-014-9335-5
https://doi.org/10.1007/s10530-011-0086-8
https://doi.org/10.3390/insects11040226
https://doi.org/10.1111/j.1095-8312.2011.01695.x
https://doi.org/10.1111/j.1095-8312.2011.01695.x
https://doi.org/10.3390/insects11090644
https://doi.org/10.11646/zootaxa.4152.1.1
https://doi.org/10.1034/j.1600-0706.2001.950217.x
https://doi.org/10.1034/j.1600-0706.2001.950217.x


Hodson A., Cameron, K., Bøggild, C., Irvine-Fynn T., Langford H., Pearce D. and Banwart S. 
2010. The structure, biological activity and biogeochemistry of cryoconite aggregates upon an 
Arctic valley glacier: Longyearbreen, Svalbard. Journal of Glaciology 56: 249–362. doi: 
10.3189/002214310791968403 

Hop H. and Wiencke C. 2019. The Ecosystem of Kongsfjorden, Svalbard. Springer International 
Publishing, Cham. doi: 10.1007/978-3-319-46425-1 

Hotaling S., Lutz S., Dial R.J., Anesio A.M., Benning L.G., Fountain A.G., Kelley J.L., 
McCutcheon J., McKenzie Skiles S., Takeuchi N. and Hamilton T.L. 2021. Biological albedo 
reduction on ice sheets, glaciers, and snowfields. Earth-Science Reviews 220: 103728. doi: 
10.1016/j.earscirev.2021.103728 

Houston Durrant T.H., de Rigo D. and Caudullo G. 2016. Pinus sylvestris in Europe: 
distribution, habitat, usage and threats. In: San-Miguel-Ayanz J., de Rigo D., Caudullo G., 
Houston Durrant T., Mauri A. (eds.) European Atlas of Forest Tree Species. Publication 
Office of the EU, Luxembourg: e016b94+. 

Hu S., Dilcher D.L., Jarzen D.M. and Taylor D.W. 2008. Early steps of angiosperm – pollinator 
coevolution. Proceedings of the National Academy of Sciences (PNAS) 105: 240–245. doi: 
10.1073/pnas.07079891 

Ignatiuk D., Błaszczyk M., Budzik T., Grabiec M., Jania J.A., Kondracka M., Laska M, 
Małarzewski Ł. and Stachnik Ł. 2022. A decade of glaciological and meteorological 
observations in the Arctic (Werenskioldbreen, Svalbard). Earth System Science Data 14: 
2487–2500. doi: 10.5194/essd-14-2487-2022 

Ingimundardóttir G.V., Weibull H. and Cronberg N. 2014. Bryophyte colonization history of the 
virgin volcanic island Surtsey, Iceland. Biogeosciences 11: 4415–4427. doi: 10.5194/bg-11- 
4415-2014 

Isaksen K., Nordli Ø., Førland E.J., Łupikasza E., Eastwood S. and Niedźwiedź T. 2016. Recent 
warming on Spitsbergen – influence of atmospheric circulation and sea ice cover. Journal of 
Geophysical Research: Atmospheres 121: 11913–11931. doi: 10.1002/2016jd025606 

Jackson S.T. and Lyford M.E. 1999. Pollen dispersal models in Quaternary plant ecology: 
Assumptions, parameters, and prescriptions. The Botanical Review 65: 39–75. doi: 10.1007/ 
BF02856557 

Janiec K. 1996.The comparison of freshwater invertebrates of Spitsbergen (Arctic) and King 
George Island (Antarctic). Polish Polar Research 17: 173–202. 

Jędryczka M., Żuraw B., Zagórski P., Rodzik J., Mędrek K., Pidek I.A., Haratym W., Kaczmarek J. 
and Sadyś M. 2022. The origin of pine pollen grains captured from air at Calypsobyen, 
Svalbard. Polish Polar Research 44: 313–338. doi: 10.24425/ppr.2022.143312 

Johansen S. and Hafsten U. 1988. Airborne pollen and spore registrations at Ny-Ålesund, Svalbard, 
summer 1986. Polar Research 6: 11–17. doi: 10.1111/j.1751-8369.1988.tb00577.x 

Kaczmarek Ł., Zawierucha K., Buda J., Stec D., Gawlak M., Michalczyk Ł. and Roszkowska M. 
2018. An integrative redescription of the nominal taxon for the Mesobiotus harmsworthi 
group (Tardigrada: Macrobiotidae) leads to descriptions of two new Mesobiotus species from 
Arctic. PLoS One 13: e0204756. doi: 10.1371/journal.pone.0204756 

Khaustov A.A. 2014. A new genus and species in the mite family Eupodidae (Acari, Eupodoidea) 
from Crimea. ZooKeys 422: 11–22. doi: 10.3897/zookeys.422.7802 

Koziol K., Kallenborn R., Xie Z., Larose C., Spolaor A., Barbaro E., Kępski D., Nikulina A., 
Zawierucha K., Pearce D., Cockerton L., Nawrot A., Pawlak F., Pakszys P. and Cappelletti D. 
2023. Harmonising environmental research and monitoring of priority pollutants and 
impurities in the Svalbard atmosphere. In: Gevers M., David D.T., Thakur R.C., Hübner C. 
and Jania J. (eds.) SESS report 2022, Svalbard Integrated Arctic Earth Observing System. 
SIOS, Longyearbyen: 62–77. doi: 10.5281/zenodo.7406842 

Krantz G.W. and Walter D.E. 2009. A Manual of Acarology. Texas Tech University Press, Lubbock, 
Texas. 

Aeroplankton over central Spitsbergen 61 

https://doi.org/10.3189/002214310791968403
https://doi.org/10.3189/002214310791968403
https://doi.org/10.1007/978-3-319-46425-1
https://doi.org/10.1016/j.earscirev.2021.103728
https://doi.org/10.1016/j.earscirev.2021.103728
https://doi.org/10.1073/pnas.07079891
https://doi.org/10.1073/pnas.07079891
https://doi.org/10.5194/essd-14-2487-2022
https://doi.org/10.5194/bg-11-4415-2014
https://doi.org/10.5194/bg-11-4415-2014
https://doi.org/10.1002/2016jd025606
https://doi.org/10.1007/BF02856557
https://doi.org/10.1007/BF02856557
https://doi.org/10.24425/ppr.2022.143312
https://doi.org/10.1111/j.1751-8369.1988.tb00577.x
https://doi.org/10.1371/journal.pone.0204756
https://doi.org/10.3897/zookeys.422.7802
https://doi.org/10.5281/zenodo.7406842


Laniecki R., Kaźmierski A., Mąkol J., Laniecka I. and Magowski W. 2021. Know your campus: 
salient research potential of prostigmatic soil mite fauna (Acariformes: Prostigmata, 
Endeostigmata) within university campus area. Acarologia 61: 650–663. doi: 10.24349/ 
TTpf-5Q3l 

Lønne I. and Lyså A., 2005. Deglaciation dynamics following the Little Ice Age on Svalbard: 
Implications for shaping of landscapes at high latitudes. Geomorphology 72: 300–319. doi: 
10.1016/j.geomorph.2005.06.003  

Malard L.A., Bergk-Pinto B., Layton R., Vogel T.M., Larose C. and Pearce D.A. 2023. Snow 
microorganisms colonise Arctic soils following snow melt. Microbial Ecology (online 
article). doi: 10.1007/s00248-023-02204-y 

Michalska K., Skoracka A., Navia D. and Amrine J.W. 2010. Behavioural studies on eriophyoid 
mites: an overview. Experimental and Applied Acarology 51: 31–59. doi: 10.1007/s10493- 
009-9319-2 

Niklas K.J. 1985. The Aerodynamics of Wind Pollination. Botanical Review 51: 328–386. 
Nordli O., Przybylak R., Ogilvie A.E.J. and Isaksen K. 2014. Long-term temperature trends and 

variability on Spitsbergen: the extended Svalbard Airport temperature series, 1898–2012. 
Polar Research 33: 21349. doi: 10.3402/polar.v33.21349 

Nuth C., Kohler J., König M., Von Deschwanden A., Hagen J.O., Kääb, A., Moholdt G. and 
Pettersson R. 2013. Decadal changes from a multi-temporal glacier inventory of Sval-
bard. Cryosphere 7: 1603–1621. doi: 10.5194/tc-7-1603-2013 

Osuch M. and Wawrzyniak T. 2017. Inter- and intra-annual changes in air temperature and 
precipitation in western Spitsbergen. International Journal of Climatology 37: 3082–3097.  
doi: 10.1002/joc.4901  

Pearce D.A., Hughes K.A., Lachlan-Cope T., Harangozo S.A. and Jones A.E. 2010. Biodiversity of 
air-borne microorganisms at Halley station, Antarctica. Extremophiles 14: 145–159. doi: 
10.1007/s00792-009-0293-8 

Picornell A., Recio M., Ruiz-Mata R., Garcia-Sanchez J., Cabezudo B. and del Mar Trigo M. 2020. 
Medium- and long-range transport events of Alnus pollen in western Mediterranean. 
International Journal of Biometeorology 64: 1637–1647. doi: 10.1007/s00484-020-01944-7 

Pilskog H.E., Solhøy T., Gwiazdowicz D.J. Grytnes J.-A. and Coulson S.J. 2014. Invertebrate 
communities inhabiting nests of migrating passerine, wild fowl and sea birds breeding in the 
High Arctic, Svalbard. Polar Biology 37: 981–998. doi: 10.1007/s00300-014-1495-9 

Polunin N. 1955. Arctic aeropalynology: spora observed on sticky slides exposed in various regions 
in 1950. Canadian Journal of Botany 33: 401–415. doi: 10.1139/b55-034 

Potapov M. 2001. Isotomidae. Synopses of Palearctic Collembola. Senckenberg Museum of 
Natural History, Goerlitz. 

Pritchard A.E. and Keifer H.H. 1958. Two new species of Bryobia with a revised key to the genus 
(Acarina: Tetranychidae). Annals of the Entomological Society of America 51: 503–506. doi: 
10.1093/aesa/51.5.503 

Przybylak R., Araźny A., Nordli Ø., Finkelnburg R., Kejna M., Budzik T., Migała K., Sikora S., 
Puczko D., Rymer K. and Rachlewicz G. 2014. Spatial distribution of air temperature on 
Svalbard during 1 year with campaign measurements. International Journal of Climatol-
ogy 34: 3702–3719. doi: 0.1002/joc.3937  

Pusz W. and Urbaniak J. 2021. Airborne fungi in Longyearbyen area (Svalbard, Norway) – case 
study. Environmental Monitoring and Assessment 193: 290. doi: 10.1007/s10661-021-09090-2 

Rogers J.C., Yang L. and Li L. 2005. The role of Fram Strait winter cyclones on sea ice flux and on 
Spitsbergen air temperatures. Geophysical Research Letters 32: L06709. doi:10.1029/ 
2004GL022262. 

Rolph G., Stein A. and Stunder B. 2017. Real-time Environmental Applications and Display system: 
READY. Environmental Modelling & Software 95: 210–228. doi: 10.1016/j.envsoft.2017.06.025 

62 Łukasz Grewling et al. 

https://doi.org/10.24349/TTpf-5Q3l
https://doi.org/10.24349/TTpf-5Q3l
https://doi.org/10.1016/j.geomorph.2005.06.003 
https://doi.org/10.1016/j.geomorph.2005.06.003 
https://doi.org/10.1007/s00248-023-02204-y
https://doi.org/10.1007/s10493-009-9319-2
https://doi.org/10.1007/s10493-009-9319-2
https://doi.org/10.3402/polar.v33.21349
https://doi.org/10.5194/tc-7-1603-2013
https://doi.org/10.1002/joc.4901 
https://doi.org/10.1007/s00792-009-0293-8
https://doi.org/10.1007/s00792-009-0293-8
https://doi.org/10.1007/s00484-020-01944-7
https://doi.org/10.1007/s00300-014-1495-9
https://doi.org/10.1139/b55-034
https://doi.org/10.1093/aesa/51.5.503
https://doi.org/10.1093/aesa/51.5.503
https://doi.org/0.1002/joc.3937 
https://doi.org/10.1007/s10661-021-09090-2
https://doi:10.1029/2004GL022262
https://doi:10.1029/2004GL022262
https://doi.org/10.1016/j.envsoft.2017.06.025


Rousseau D-D. Duzer D., Cambon G., Jolly D., Pulsen U., Ferrier J., Schevin P. and Gros R. 2003. 
Long distance transport of pollen to Greenland. Geophysical Research Letters 30: 1765. doi: 
10.1029/2003GL017539 

Rousseau D-D., Schevin P., Duzer D., Cambon G., Ferrier J., Jolly D. and Poulsen U. 2006. New 
evidence of long-distance pollen transport to southern Greenland in late spring. Review of 
Palaeobotany and Palynology 141: 277–286. doi: 10.1016/j.revpalbo.2006.05.001 

Rousseau D-D., Schevin P., Ferrier J., Jolly D., Andreasen T., Ascanius S.E., Hendriksen S-E. and 
Poulsen U. 2008. Long-distance pollen transport from North America to Greenland in spring. 
Journal of Geophysical Research 113: G02013. doi: 10.1029/2007JG000456 

Rusek J. 1975. Eine Präparationstechnik für Sprungschwänze und ähnliche Gliederfüsser. 
Mikrokosmos 12: 376–381. 

Seniczak A., Seniczak S., Schwarzfeld M.D., Coulson S.J. and Gwiazdowicz D.J. 2020. Diversity 
and distribution of mites (Acari: Ixodida, Mesostigmata, Trombidiformes, Sarcoptiformes) in 
the Svalbard Archipelago. Diversity 12: 323. doi: 10.3390/d12090323 

Serreze M.C. and Barry R.G. 2011. Processes and impacts of Arctic amplification: A research 
synthesis. Global and planetary change 77: 85–96. doi: 10.1016/j.gloplacha.2011.03.004 

Skjøth C.A., Sommer J., Stach A., Smith M. and Brandt J. 2007. The long-range transport of birch 
(Betula) pollen from Poland and Germany causes significant pre-season concentrations in 
Denmark. Clinical and Experimental Allergy 37: 1204–1212. doi: 10.1111/j.1365-2222. 
2007.02771.x 

Smith D.J. 2013. Aeroplankton and the Need for a Global Monitoring Network. BioScience 63: 
515–516. doi: 10.1525/bio.2013.63.7.3 

Smoła Z., Tatarek A., Wiktor J., Wiktor Jr J., Kubiszyn A. and Węsławski J.M. 2017. Primary 
producers and production in two West Spitsbergen fjords (Hornsund and Kongsfjorden) – 
comparison of two fjord systems. Polish Polar Research 38: 351–373. doi: 10.1515/popore- 
2017-0013 

Sofiev M., Siljamo P., Ranta H. and Rantio-Lehtimäki A. 2006. Towards numerical forecasting of 
long-range air transport of birch pollen: theoretical considerations and a feasibility study. 
International Journal of Biometeorology 50: 392–402. doi: 10.1007/s00484-006-0027-x 

Stein A.F., Draxler R.R., Rolph G.D., Stunder B.J.B., Cohen M.D. and Ngan F. 2015. NOAA’S 
HYSPLIT atmospheric transport and dispersion modeling system. Bulletin of the American 
Meteorological Society 96: 2059–2078. doi: 10.1175/BAMS-D-14-00110.1 

Strandtmann R.W. 1971. The eupodoid mites of Alaska. Pacific Insects 13: 75–118. 
Strzelecki M.C., Szczuciński W., Dominiczak A., Zagórski P., Dudek J. and Knight J. 2020. New 

fjords, new coasts, new landscapes: The geomorphology of paraglacial coasts formed after 
recent glacier retreat in Brepollen (Hornsund, southern Svalbard). Earth Surface Processes 
and Landforms 45: 1325–1334. doi: 10.1002/esp.4819 

Szczepanek K., Myszkowska D., Worobiec E., Piotrowicz K., Ziemianin M. and Bielec-Bąkowska 
Z. 2017. The long-range transport of Pinaceae pollen: an example in Kraków (southern 
Poland). Aerobiologia 33: 109–125. doi: 10.1007/s10453-016-9454-2 

Šantl-Temkiv T., Gosewinkel U., Starnawski P., Lever M. and Finster K. 2018. Aeolian dispersal of 
bacteria in southwest Greenland: their sources, abundance, diversity and physiological 
states. FEMS Microbiology Ecology 94: fiy031. doi: 10.1093/femsec/fiy031 

Thor S. 1930. Beiträge zur Kenntnis der Invertebratenfauna von Svalbard. Skrifter om Svalbard og 
Ishavet 27: 1–156. 

Thor S. 1934a. Neue Beiträge zur Kenntnis der invertebraten Fauna von Svalbard. Zoologischer 
Anzeiger 107: 201–215. 

Thor S. 1934b. Einzelne neue, besonders norwegische Eupodes-Arten mit einigen älteren Arten 
verglichen. Zoologischer Anzeiger 105: 201–215. 

Tishkov A. 2012. Conservation of Russian Arctic biodiversity. Geography, Environment, 
Sustainability 5: 48–63. doi: 10.24057/2071-9388-2012-5-3-48-63 

Aeroplankton over central Spitsbergen 63 

https://doi.org/10.1029/2003GL017539
https://doi.org/10.1029/2003GL017539
https://doi.org/10.1016/j.revpalbo.2006.05.001
https://doi.org/10.1029/2007JG000456
https://doi.org/10.3390/d12090323
https://doi.org/10.1016/j.gloplacha.2011.03.004
https://doi.org/10.1111/j.1365-2222.2007.02771.x
https://doi.org/10.1111/j.1365-2222.2007.02771.x
https://doi.org/10.1525/bio.2013.63.7.3
https://doi.org/10.1515/popore-2017-0013
https://doi.org/10.1515/popore-2017-0013
https://doi.org/10.1007/s00484-006-0027-x
https://doi.org/10.1175/BAMS-D-14-00110.1
https://doi.org/10.1002/esp.4819
https://doi.org/10.1007/s10453-016-9454-2
https://doi.org/10.1093/femsec/fiy031
https://doi.org/10.24057/2071-9388-2012-5-3-48-63


Tombre I.M., Oudman T., Shimmings P., Griffin L. and Prop J. 2019. Northward range expansion in 
spring‐staging barnacle geese is a response to climate change and population growth, mediated 
by individual experience. Global Change Biology 25: 3680–3693. doi: 10.1111/gcb.14793 

Uusitalo M. 2010. Terrestrial species of the genus Nanorchestes (Endeostigmata: Nanorchestidae) 
in Europe. In: Sabelis M.W. and Bruin J. (eds.) Trends in Acarology: Proceedings of the 12th 
International Congress. Springer Science+Business Media B.V.: 161–166. doi: 10.1007/978- 
90-481-9837-5_25 

Van der Knaap W.O. 1987. Long-distance transported pollen and spores on Spitsbergen and Jan 
Mayen. Pollen and Spores 29: 449–454. 

Wasowicz P., Sennikov A.N., Westergaard K.B., Spellman K., Carlson M., Gillespie L.J., Saarela 
J.M., Seefeldt S.S., Bennett B., Bay C., Ickert-Bond S. and Väre H. 2020. Non-native vascular 
flora of the Arctic: Taxonomic richness, distribution and pathways. Ambio 49: 693–703. doi: 
10.1007/s13280-019-01296-6 

Wietrzyk-Pełka P., Cykowska-Marzencka B., Maruo F., Szymański W. and Węgrzyn M. 2020. 
Mosses and liverworts in the glacier forelands and mature tundra of Svalbard (High Arctic): 
diversity, ecology, and community composition. Polish Polar Research 41: 151–186. doi: 
10.24425/ppr.2020.133011 

Wietrzyk-Pełka P., Rola K., Patchett A., Szymański W., Węgrzyn M.H. and Björk, R.G. 2021. 
Patterns and drivers of cryptogam and vascular plant diversity in glacier forelands. Science of 
The Total Environment 770: 144793. doi: 10.1016/j.scitotenv.2020.144793 

Xie W., Li Y., Bai W. Hou J., Ma T., Zeng X., Zhang L. and An T. 2021. The source and transport of 
bioaerosols in the air: A review. Frontiers of Environmental Science & Engineering 15: 44.  
doi: 10.1007/s11783-020-1336-8 

Yoo K., Lee T.K., Choi E.J., Yang J., Shukla S.K., Hwang S.I. and Park J. 2017. Molecular 
approaches for the detection and monitoring of microbial communities in bioaerosols: 
A review. Journal of Environmental Sciences 51: 234–247. doi: 10.1016/j.jes.2016.07.002 

Zacharda M. 1980 Soil mites of the family Rhagidiidae (Actinedida: Eupodoidea). Morphology, 
systematics, ecology. Acta Universitatis Carolinae Biologica 1978: 489–785. 

Zawierucha K., Zmudczyńska-Skarbek K., Kaczmarek Ł. and Wojczulanis-Jakubas K. 2016. The 
influence of a seabird colony on abundance and species composition of water bears 
(Tardigrada) in Hornsund (Spitsbergen, Arctic). Polar Biology 39: 713–723. doi: 10.1007/ 
s00300-015-1827-4 

Zawierucha K., Węgrzyn M., Ostrowska M. and Wietrzyk P. 2017. Tardigrada in Svalbard lichens: 
diversity, densities and habitat heterogeneity. Polar Biology 40: 1385–1392. doi: 10.1007/ 
s00300-016-2063-2 

Zawierucha K., Kašparová E.Š., McInnes S., Buda J., Ambrosini R., Devetter M., Ficetola F., 
Franzetti A., Takeuchi N., Horna P., Novotna-Jaromoerska T., Ono M., Sabacka M. and Janko 
K. 2023. Cryophilic Tardigrada have disjunct and bipolar distribution and establish long-term 
stable, low-density demes. Polar Biology 46: 1011–1027. doi.org/10.1007/s00300-023-03170-4 

Zmudczyńska-Skarbek K., Zwolicki A., Convey P., Barcikowski M. and Stempniewicz L. 2015. Is 
ornithogenic fertilization important for collembolan communities in Arctic terrestrial 
ecosystems? Polar Research 34: 25629. doi: 10.3402/polar.v34.25629 

Zwoliński Z. 2013. Geographical Environment of Spitsbergen: climate. In: Zwoliński Z., 
Kostrzewski A. and Pulina M. (eds.) Dawne i współczesne geoekosystemy Spitsbergenu. 
Polskie badania geomorfologiczne. Bogucki Wydawnictwo Naukowe, Poznań: 19–55  

Received 17 April 2023 
Accepted 12 September 2023  

64 Łukasz Grewling et al. 

https://doi.org/10.1111/gcb.14793
https://doi.org/10.1007/978-90-481-9837-5_25
https://doi.org/10.1007/978-90-481-9837-5_25
https://doi.org/10.1007/s13280-019-01296-6
https://doi.org/10.1007/s13280-019-01296-6
https://doi.org/10.24425/ppr.2020.133011
https://doi.org/10.24425/ppr.2020.133011
https://doi.org/10.1016/j.scitotenv.2020.144793
https://doi.org/10.1007/s11783-020-1336-8
https://doi.org/10.1016/j.jes.2016.07.002
https://doi.org/10.1007/s00300-015-1827-4
https://doi.org/10.1007/s00300-015-1827-4
https://doi.org/10.1007/s00300-016-2063-2
https://doi.org/10.1007/s00300-016-2063-2
https://doi.org/10.1007/s00300-023-03170-4
https://doi.org/10.3402/polar.v34.25629


Fig. S1. Number of pollen grains in sampling sites under the different exposition (E, N, S, W). 

Aeroplankton over central Spitsbergen 65 


	Introduction
	Study area
	Methods
	Results
	Discussion
	Conclusions
	References

