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Abstract 

Future impacts of environmental change on terrestrial arthropods communities can be great 

of influence in future management and conservation strategies. Arctic regions are 

experiencing a rapid increase in temperature ultimately leading to changes in soil moisture 

and shrub cover. Beetles have been proven to be good bioindicators of local habitats. To get 

a baseline of the current beetle communities in order to track future environmental changes 

we used a study site near Narsarsuaq, South Greenland, where Sub-Arctic predominate low 

elevation areas and Low-Arctic conditions can be easily reached at higher elevation. We 

collected 956 individuals of adult beetles using 112 pitfall traps along two different 

environmental gradients, vegetation height and soil moisture, at two different elevations, 

50 m.a.s.l. and 450 m.a.s.l., representing Sub-Arctic and Low-Arctic, respectively between 17 

June and 14 August 2016. A study site at sea level in Blæsedalen, Disko Island, West 

Greenland was also included as a secondary Low-Arctic site, consisting of 72 pitfalls resulting 

in 21 captured adult beetles between 26 June and 20 August 2016. Six species were found in 

high enough numbers to give a detailed overview of seasonality and habitat use. Most 

species were found in highest numbers at low elevation, suggesting most species found in 

this study would have poorer conditions further North. More species were found to be 

unique for fen transects at high elevation indicating that some species are adapted to Low-

Arctic more than the Sub-Arctic, even in an area where the distance between the two 

climate zones is very small. An NMDS showed that beetle communities were clustered 

among the respective habitats. Indicator species analysis was very different from a similar 

study previously made in the same area, which could be due the difference in sampling 

effert. Depending on the future alterations of shrub cover in the Sub-Arctic and Low-Arctic, 

our results between high and low elevation in Narsarsuaq show there will be big changes in 

beetle communities in case of shrubification, while no shrubification would lead to a much 

milder change, if any.  
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Resumé 

Fremtidige klimaforandringers påvirkninger af lokale miljøer med terrestriske 

leddyrssamfund kan få stor betydning for kommende beskyttelses og 

konserveringsstrategier. I de Arktiske områder ser man en endnu hurtigere respons på 

klimaforandringerne end man gør i resten af verden. I Arktis er nogle af tydeligste faktorer 

som bliver påvirket jordfugtighed og en øget vækst af buskadser. Biller er før blevet fundet 

som værende gode bioindikatorer før lokale habitater og der fokuseres derfor på dem i 

dette studie. For at få en god baggrund for kommende undersøgelser på effekterne af 

klimaforandringerne i Arktiske områder i fremtiden, blev de nuværende samfund af biller i 

forskellige habitater undersøgt i et område omkring Narsarsuaq, Grønland, hvor overgangen 

mellem den Sub-Arktiske og Lav-Arktiske klimazoner adskilles af blot 400 højdemeter langs 

fjeldet. Vi indsamlede 956 voksne biller ved brug af 112 faldfælder placeret langs to 

miljøgradienter, vegetationshøjde og jordfugtighed, ved 2 forskellige højdeniveauer, 50 

meter og 450 meter over havniveau, repræsenterende henholdsvis Sub-Arktis og Lav-Arktis. 

Der blev samlet ind i perioden 17 juni til 14 august 2016. Et lille område i Blæsedalen på 

Diskoøen, Grønland, blev også undersøgt for at sammenligne to Lav-Arktisk områder. Her 

blev 21 voksne biller indsamlet ved brug af 72 faldfælder ved havniveau i perioden 26 juni til 

20 august 2016. Seks arter var talrige nok i prøverne til at der kunne laves detaljerede 

kurver over sæsonvariationer og habitatvalg. Størstedelen af arterne var talrigest ved lav 

elevation, hvilket tyder på at de vil have ringere levevilkår hvis man bevægede sig længere 

mod Nord og dermed længere ind i det Lav-Arktiske klima. Der blev fundet flest unikke arter 

i kær transekter ved høj elevation, hvilket tyder på trods af en meget lille afstand mellem de 

to klimazoner, er der allerede her arter som er bedre tilpasset det Lav-Arktiske klima. En 

NMDS viste at de forskellige habitat type var forholdsvis godt adskilt fra hinanden baseret 

på de samfund af biller der blev fundet i de respektive fælder. En indicator species analysis 

viste sig at være meget forskellig fra samme analyse foretaget i et tidligere studiet fra 

samme område. Afhængig af fremtidige påvirkninger af væksten af buskads i Sub-Arktiske 

og Lav-Arktiske områder viser vores resultater at der kan ske en meget stor ændring af 

billesamfundet, hvis der sker en tilvækst af buskads, mens ændringen vil være knap så stor 

hvis der ikke sker en øget tilvækst.  
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Introduction 

Due to climate change temperatures are increasing and precipitation in the Northernmost 

and Southernmost regions are expected to decrease(IPCC 2014). The distribution limits of 

migratory species as well the distributional limits of species in general are moving poleward, 

due to climate change (Parmesan and Yohe 2003, Poloczanska et al. 2013). When assessing 

species vulnerability to climate change common life history traits such as dispersal ability 

and habitat and food specialization, play a key role, but also traits such as distribution and 

rarity are of great influence (Pacifici et al. 2015). Rare species are typically rare due to a lack 

of dispersal ability and a narrow range of suitable habitat, hence the survival of rare species 

are more subject to local environmental change as they cannot rely on other populations in 

other regions to sustain the species, as would be the case for common species, where a 

single population in a given area, does not have an impact on the overall distribution of the 

species (Grime 1998).  

In the latest report from the Intergovernmental Panel on climate Change (IPCC 

2014) the expected minimum rise in average temperature worldwide is 1.5 oC. Mostly due to 

changes in albedo from melting snow and ice, in the Arctic regions (Callaghan et al. 2004). 

Other changes in the Arctic is expected to include an increase in precipitation of up to 50% 

(Bintanja and Selten 2014), decreased permafrost (Avis et al. 2011) and an increase in shrub 

cover (Callaghan et al. 2011), however shrub cover is not expected to change in the Sub-

Arctic (Damgaard et al. 2016). Due the rapid response on climate change, Arctic regions 

have been used for a range of studies to assess future impacts (Post et al. 2009, Bowden et 

al. 2015, Ernst et al. 2016, Hansen et al. 2016, Ameline et al. 2017, Loboda et al. 2017). This 

presents an unique possibility to follow the response in communities and hopefully without 

having to monitor for decades to detect changes (Gordo and Sanz 2005).  

Elevational gradients have been used in several occasions to study the 

distribution of insects, providing the opportunity to study latitudinal effects without having 

to move over long distances (Olson 1994, Hodkinson 2005). By moving upwards on a 

mountain, some of the same environmental changes can be observed as by moving along a 

latitudinal gradient. Temperatures decrease and precipitation as rain or snow typically 

increases. As these environmental factors can be viewed as some of the main driving forces 
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in insect and plant community composition, aside from changes in UV radiation and 

concentration of oxygen and carbon dioxide in the air, several studies have used elevational 

gradients instead of much longer latitudinal gradients (Hodkinson 2005, Bentz et al. 2016). 

The main reason one would expect to find the same species at higher altitude, is the 

adaptation to decreasing temperatures and increased precipitation. Soil moisture and 

vegetation cover can have a great influence on microclimates and thereby give a wide range 

of different conditions, even though the air temperature and precipitation is the same. 

To study arthropod communities in the Arctic this study was carried out in 

Greenland in which the Arctic climate is represented by three climate zones, Sub-Arctic, 

Low-Arctic and High-Arctic (Bailey 2009). The Sub-Arctic climate zone cover most of South 

Greenland, while the central part of Greenland is in the Low-Arctic climate and finally North 

Greenland is in the High-Arctic climate. In South Greenland it is possible to find areas, where 

Sub-Arctic and Low-Arctic conditions are only separated by only a few hundred meters. 

Narsarsuaq is one of those places as it is located in the Sub-Arctic, but when traveling up the 

surrounding mountains you will find the Low-Arctic at approximately 400 meters of 

elevation. This presents a unique opportunity to study arthropod and plant communities in 

two climate zones without having to travel long distances. By understanding the effects of 

climate change on arthropods in the Arctic regions, it might be possible to foresee how 

climate change will impact arthropods in other parts of the world. The best conservation 

and management plans for a species are only as good as the understanding of the central 

life history traits of that species and that is where ecological studies on environmental 

gradients is a necessary corner stone. 

The focus group in this study is beetles on species level, as beetles have been 

found to be good bioindicators, due to their ability to respond to wide range of 

environmental parameters (Pearce and Venier 2006). In Greenland 80 species of beetles 

have been recorded so far. Considering a few of these only have one or two records in 

Greenland, suggest that there can still be species present, that have not yet been recorded. 

Compared to Denmark with approximately 4,000 species of beetles, which makes 80 species 

very few and fairly easy to learn to identify all families, while in Denmark most would be 

able to identify species from only a few families. The huge difference in species richness 

between Denmark and Greenland can primarily be explained by the latitudinal gradients 
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(Hawkins et al. 2003) explaining that when moving towards the poles species richness will 

decline. However, Greenland is also very species poor when compared to other regions on 

the same longitude i.g. Alaska and Kamchatcka. During the last ice age, Greenland was 

almost completely covered by ice, while several areas in the Bering region was still ice free 

(Jakobsson et al. 2014). Secluded ice-free areas made it possible for populations to survive 

the ice age and recolonize areas as the ice subsided. In Greenland, very few of such areas 

remained and the number of species was greatly affected by this. In some areas 

insectivorous species like low mobility mammals or migratory birds, are greatly depending 

on arthropods as they have a great influence on the survival as the primary food source, 

hence knowledge of the arthropod communities can be of great importance to assess the 

future impact of environmental change (Johnson et al. 2006). Short generation time can 

provide a greater possibility for arthropods to keep up with a shifting climate, due to 

evolutionary adaptation (Kellermann et al. 2012). At the same time negative effects of 

environmental change, such decline in population sizes and increased probability for 

invasions of foreign species, can also be detected faster, as traits such as reproductive 

success will be influenced quickly (Schou et al. 2014). 

This study was based on sampling arthropods at two elevations in the same 

area. It was expected to find species, which would have the greatest distribution further 

north than the main research site, at the high elevation. Due to a better adaptation to the 

environmental climate and structure of habitats, species at high elevation would also be 

found in other Low-Arctic areas. In the same manner, it was expected to find species with 

the greatest distribution in the southern area at low elevation. Furthermore, species present 

at both elevations would be expected to show different abundance and seasonality based 

on their respective known distribution in the Sub-arctic and Low-arctic. As an example, the 

weevil Otiorhynchus nodosus is known to be wide spread in the southern part of Greenland 

having its northern limit at Sisimiut/Holsteinsborg and Kangerlussuatsiaq/Lindenow Fjord in 

West and East Greenland, respectively (Böcher et al. 2015), meaning it will be expected to 

be found primarily at low elevation. Another example is the predacious water beetle 

Colymbetes dolabratus which is widely distributed ranging from Europe to the northern part 

of Siberia and Alaska (Böcher 1988). In Greenland C. dolabratus is widely distributed in the 

southern region and the northernmost record is from 74⁰ N along both the East and West 
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coast (Böcher et al. 2015). A wide spread species like C. dolabratus will be expected to be 

found at both high and low elevation sites, however the seasonality of the species may be 

slightly different, due to the environmental differences between high and low elevation. 

 In an area where resources are limited for arhtropods it is expected that 

species with similar life history traits, will be most active at different times throughout the 

season, to minimize interspecific competition, and thereby increase reproductive success. 

To increase the probability to collect all the different species it is therefore necessary to 

gather knowledge about the seasonality for each species. When such knowledge is limited it 

is necessary to collect samples in short continuous intervals throughout a long period. When 

sampling over a longer period it gets easier to get a sense of the distribution of species, 

because of the chance that an individual of a new species is expected to get higher the 

longer you sample, due to different seasonality of the species. 

To understand the impacts of environmental changes, this study has focused 

on describing habitat use and seasonality in beetles at different elevations, as part of a long-

term study site near Narsarsuaq, Greenland. As the weather in South Greenland can be very 

different, one of the key goals of this study was to study for habitat use and seasonality of 

beetles. This was also a good occasion to search for any changes in indicator species and 

habitat use throughout the first two years of the long-term study. 
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Methods 

The study area is located near Narsarsuaq in South Greenland (61.16⁰N, 45.40⁰W).  

Yellow pitfall traps were used to combine the effects of pan traps and normal pitfalls and 

thereby collect as many different insect species as possible with one sampling method. 1/3 

of each pitfall was filled with a catchment agent which consisted of approx. 50% propylene 

glycol and liquid soap. A total of 112 pitfalls were used to create eight transects, four fen 

and four shrub. Fen transects covered a moisture gradient as the transect went from wet 

fen to dry heath and consisted of nine pairs of pitfall traps (Figure 1). Shrub transects 

covered a vegetational gradient as the transect went from dense high shrubs to heath with 

very low vegetation and consisted of five pairs of pitfall traps. Pitfall trap were separated by 

five meters (Figure 1). Two transects of each type was established at 50 m.a.s.l. and 450 

m.a.s.l. (Figure 2). When samples had been collected 70% propylene glycol was used as 

conservation agent. All traps were emptied once a week in the period from the 17th of June 

to the 14th of August 2016, resulting in a total of 1.008 samples and 6.608 trapping days.  

Data on beetles collected from pitfall traps at Narsarsuaq in 2014 and 2015, in the same 

manner as mentioned above, was used to make a year to year seasonality for the two most 

abundant species. Seasonality was based on the number of individuals collected and the 

number of samples that had been sorted, so it would be possible to see changes in 

seasonality between years, even though not all samples have been examined due to time 

constraints. 
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Figure 1. An overview of the transect setup. Subplots in which vegetation and soil 

moisture data were collected are marked with squares. Circles with a cross indicates 

pitfall traps in both fen and shrub transects while circles without a cross indicate pitfall 

traps only in fen transects. 

Sampling was also carried out in Blæsedalen, Disko Island in West Greenland 

(69⁰49’34.80’’N, 53⁰25’51.08’’W) during 2016 following the same overall plot design, but 

with a few differences. First, both shrub and fen transects consisted of nine pairs of traps 

similar to fen transects at Narsarsuaq. Second, two replicates of each transect were only 

established at sea level, giving a total of 72 traps, and samples were only collected every 

second week. The sampling period for Disko Island was 26th of June 2016 to 20th of August 

2016 and a total of 288 samples were collected throughout the period resulting in 3,690 

trapping days. 
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Figure 2. Overview of the main research site near Narsarsuaq. Greenland is showed in the 

upper left corner where the main site is marked by the square and the secondary site at 

Blæsedalen, Disko Island, West Greenland is marked by the triangle. Black and white dots 

mark the low elevation transects and the grey dots mark the high elevation. 

All beetles were identified to species by morphological traits, with a stereo microscope. All 

specimens were identified with the most recent key to insects of Greenland (Böcher et al. 

2015). All other arthropods were sorted into selected orders and stored in 75% ethanol for 

future analysis. All specimens for all identified species are kept in the arthropod collection at 

the Natural History Museum Aarhus (Aarhus, Denmark). The author played key role in the 

collection and sorting of samples in Narsarsuaq and identified all the beetles from 

Narsarsuaq and Blæsedalen. 
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Environmental data  

Next to each pitfall trap, a 1 x 1 meter subplot was established. In the middle of the season 

vegetation height was measured as maximum and average height in each of these subplots. 

Maximum height was measured as the highest natural point of vegetation. The average 

height was calculated from nine measurements; each corner, middle and four points in 

between the center of each corner.  

Three measurements of soil moisture (volumetric water content) were made once a week 

during the arthropod sampling period in each subplot, with a Field scout TDR 300 

manufactured by Specmeter.   

 

Statistics and analysis 

Venn diagrams were used to visualize how many species were unique and shared between 

each elevation in the two transect types. Venn diagrams are a useful tool to visualize the 

number of species that is unique and shared to a habitat or elevation (Micallef and Rodgers 

2014). Venn diagrams were created in the R package limma. Species diversity was calculated 

using abundance-based data, because only beetles were used in this study. Had the study 

involved more than one order of arthropods incidence-based data should be considered, as 

some arthropods occur in colonies and hence have a clumped distribution (Hsieh et al. 

2016). To calculate species diversity, beetle species abundance was pooled in four plot 

groups; High elevation shrub (HS), High elevation fen (HF), Low elevation shrub (LS) and Low 

elevation fen (LF). Diversity was then calculated using Hill-numbers: 0=species richness, 

1=Shannon diversity and 2=Simpson diversity in the R package iNEXT (Hsieh et al. 2016) for 

each plot group. Sample completeness is a calculation the iNEXT analysis makes in order to 

give an estimate on how well each plot group was representing the number of species 

possible to find, based on the number of individuals collected. A high sample completeness 

indicates high validity of the data in the model. Sample completeness for all diversity 

estimates was very high (>0.99) indicating high validity.  

An indicator species analysis (Dufrêne and Legendre 1997) was run separately on high and 

low elevation based on the abundance of individuals from each species in the five habitat 

types: shrub, fen, heath, shrub-transition and fen-transition. The multipatt function in the R 
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package indicspecies was used while including site group combinations to allow any species 

to be an indicator for more than one habitat type (De Caceres et al. 2010, 2012). Multipatt 

calculates indicator species based on two values; A (range 0-1) is a specificity value which 

indicates the probability that a trap belongs to certain habitat, given the species that have 

been found in the trap. B (range 0-1) is a sensitivity value that indicates how many of the 

traps in a certain habitat the target species have been found in. Significance of relationships 

between species and habitat was based on permutation tests using 9999 random 

permutations to estimate p-values. 

By pooling data from each species from all habitats into collection dates, the seasonality of 

the most abundant species was visualized using the R package ggplot2. In the same fashion, 

a year-to-year seasonality for the period 2014-2016 for the two most abundant species in 

2016 was constructed.  

A two-dimensional non-metric multidimensional scaling (NMDS) was used to visualize how 

well species composition could be clustered to the five different habitat types. The NMDS 

was run by the metaMDS function in the R package vegan.  

To examine if soil moisture and vegetation height interacted with each other and elevation 

a multivariate generalized model was constructed with the manyglm function in the R 

package mvabund. 

All R packages were run in R vers. 3.4.0. 
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Results 

Vegetation and soil moisture 

Average vegetation height along shrub transects varied greatly between the shrub and 

heath part, while there was almost no difference in fen transects (figure S1). Average soil 

moisture throughout fen plots showed that the fen transects ranges from fen to heath with 

a high difference in soil moisture, while soil moisture did not change between plots in shrub 

transects (figure S2). 

Seasonal curves showed that soil moisture declined much more in the fen transects than in 

shrub transects, throughout the season (results not shown). 

 

Species seasonality and composition 

In this study, a total of 956 specimens were identified from Narsarsuaq, representing six 

families and 11 species while 21 specimens were identified from Blæsedalen, Disko Island, 

representing two families and two species. All species were previously known for 

Greenland. 
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Figure 3. The observed seasonality of the 6 most common species (from the top; Byrrhus fasciatus, 

Coccinella transversoguttata, Otiorhynchus arcticus, Otiorhynchus nodosus, Patrobus septentrionis, Quedius 

fellmanni) in pitfall traps during 2016 at Narsarsuaq. Transects were summarized for each collection event 

(every seven days) of the year (DOY) to get the total number of individuals for each species, throughout the 

sampling period, for each elevation (H – High (on the left) and L- Low (on the right). 

Based on seasonality curves (figure 3) Coccinella transversoguttata (Coccinellidae) is more 

abundant at high elevation than at low elevation. Otiorhynchus nodosus and O. arcticus 

(Curculionidae) peaks in the middle of the season and is much more abundant at low 

elevation. Quedius fellmanni (Staphylinidae) was only found at low elevation and could be a 

late or biannual species. Byrrhus fasciatus (Byrrhidae) was found at both elevations and 

seems to be an early species. The figure also indicates that Patrobus septentrionis 

(Carabidae) emerged and peaked very early in the season, before the sampling began. 

Patrobus septentrionis was more abundant at low elevation, but the pattern throughout the 

season is nearly the same as at high elevation for this species. 
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Figure 4. Year to year seasonality from 2014 to 2016 of (A) the ground beetle Patrobus 

septentrionis and (B) the weevil Otiorhynchus nodosus, where abundance is measured by 

the number of individuals per sample. 

Year-to-year seasonality for the two most abundant species, O. nodosus and P. 

septentrionis, showed that the seasonality of especially P. septentrionis varies a lot among 

years. P. septentrionis reached its peak a few weeks into the sampling period in 2015, 

whereas it would seem as if it had already peaked before the sampling period began in 2016 

(Figure 4A). Otiorhynchus nodosus tended to peak in the middle of the season in all three 

years. 
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Figure 5. Habitat use for each of the six most common species (from the left; Byrrhus 

fasciatus, Coccinella transversoguttata, Otiorhynchus arcticus, Otiorhynchus nodosus, 

Patrobus septentrionis, Quedius fellmanni), based on the percentage of individuals found 

in pitfall traps, while accounting for the probability of being caught in any of the five 

habitats. The number of individuals used for calculations (n) is given above each bar. 

The overall distribution of the six most common species in the different habitats, showed 

that O. arcticus, O. nodosus, C. transversoguttata, and B. fasciatus were clearly most 

abundant in heath habitat at both elevations. Otiorhynchus arcticus and B. fasciatus showed 

similar habitat use, but with B. fasciatus with a relatively high affinity for fen habitat at high 

elevation. Patrobus septentrionis was most abundant in fen habitat at both elevations, while 

the difference was not as clear between fen, heath and shrub at low elevation as at high 

elevation. Quedius fellmanni was not recorded at high elevation and was most abundant in 

fen habitat. 
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Figure 6. Results from the iNEXT analysis, using Hill numbers; 0=Species richness, 

1=Shannon Diversity and 2=Simpson Diversity. Data was pooled into four plot groups 

based on transect type and elevation; HF (High elevation Fen), HS (High elevation Shrub), 

LF (Low elevation Fen) and LS (Low elevation Shrub). 

The abundance of individuals was much higher at low elevation, but the highest diversity 

was found in fen habitat at high elevation. Based on the number of individuals sampled 

iNEXT calculates how big the possibility is to discover new species if more individuals are 

identified in each of the selected groups. The iNEXT analysis showed that fen at high 

elevation had the potential for highest diversity.  
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Figure 7. Venn diagram showing unique and shared number of species between high and low elevation for 

fen and shrub transects. 

As iNEXT uses the number of individuals to calculate, where most species can be found with 

the current sample size and by increasing the sample size. Venn diagrams showed that 

species richness was the same between high and low elevation (eight species) in fen habitat, 

while fewer species was found at high elevation shrub (five species). In shrub habitat at the 

low elevation a higher number of unique species (three species) was found, but the overall 

species richness was only seven species in the low elevation shrub. Even though fen was 

much more species rich than shrub with ten and eight species, respectively, Nephus 

redtenbacheri (Coccinelidae) and Rutidosoma globulus (Curculionidae) were only found at 
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high elevation, while Colymbetes dolabratus (Dytiscidae), Quedius fellmanni and Hydroporus 

morio (Dytiscidae) were only found at low elevation. 

Indicator species 

Most of the species were represented by very few individuals, resulting in only five out of 11 

species being located as significant in an Indicator Species Analysis. 

 

   Abundance Indicator 

Site Family Genus HF HS LF LS High Low 

Narsarsuaq Carabidae Patrobus septentrionus 46 12 49 81 FSTF FSTSTF 

  Bembidion grapii 2 0 3 0   

 Dytiscidae Colymbetes dolabratus 0 0 1 0   

  Hydroporus morio 0 0 0 1   

 Staphylinidae Quedius fellmanni 0 0 4 2  TS 

 Byrrhidae Byrrhus fasciatus 2 0 21 11 FH HTSTF 

 Coccinellidae Coccinella 

transversoguttata 
25 18 32 7 

  

  Nephus redtenbacheri 1 1 0 0   

 Curculionidae Othiorhynchus arcticus 16 4 38 44 H HSTSTF 

  Othiorhynchus nodosus 11 3 186 208 FHS  

  Rutidosoma globulus 2 0 0 0   

Blæsedalen Byrrhidae Byrrhus fasciatus - - 7 7   

 Coccinellidae Coccinella 

transversoguttata 
- - 2 5 

 TS 

Table 1 Complete species list, with an overview of occurrences in each type of transect (High elevation fen= 

HF, High elevation shrub =HS, Low elevation fen= LF and Low elevation shrub=LS) and an overview of which 

species were significant as indicator species for each habitat type (F= fen, S= shrub, H= heath, TF= Fen-

transition and TS= Shrub-transition) at High or Low elevation. Disko Island had only sampling sites at low 

elevation. 

Patrobus septentrionis, B. fasciatus and O. nodosus were all found as significant indicator 

species for fen habitat at high elevation, while P. septentrionis was also significant for fen at 

low elevation. For the heath habitat B. fasciatus, O. arcticus and O. nodosus were found as 
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indicators at high elevation, while both B. fasciatus and O. arcticus were also found 

significant for heath at low elevation. Otiorhynchus nodosus and P. septentrionis were found 

as indicators for shrub habitat at high elevation, for which P. septentrionis was also found 

significant at low elevation. Besides P. septentrionis, O. arcticus was also found as an 

indicator for shrub at low elevation. The only indicator species for a transition habitat at 

high elevation was P. septentrionis in the fen transition, where it was also significant at low 

elevation along with B. fasciatus and O. arcticus. Indicator species for the shrub transition 

was only found at low elevation, where P. septentrionis, B. fasciatus and O. arcticus were 

found significant. Coccinella transversoguttata was only found as a significant indicator for 

the shrub transition in Blæsedalen, Disko Island. 

Since there was a difference in the number of traps and the sample period, between 

Narsarsuaq and Blæsedalen, the number of individuals collected as shown in Table 1, cannot 

be compared directly. The capture rate (individuals per trapping day (IPTD)) of B. fasciatus 

was approximately 3 times higher in Blæsedalen than it was at high elevation in Narsarsuaq 

(0.0038 IPTD and 0.0006 IPTD, respectively). The capture rate for C. transversoguttata was 

86% higher at high elevation in Narsarsuaq than at Blæsedalen (0.0019 IPTD and 0.013 IPTD, 

respectively).  
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Factor Res.df Deviance p-value 

Vegetation height 100 55.93 <0.001 

Soil moisture 99 153.19 <0.001 

Elevation 98 32.56 0.003 

Elevation * Vegetation height 97 15.56 0.032 

Vegetation height * Soil 

moisture 

95 17.58 0.049 

Table 2 Summary results of multivariate generalized linear model of the abundance of all 

species identified in this study in relation to environmental predictors; vegetation height, 

soil moisture and elevation and the two interactions between elevation and vegetation 

height as well as vegetation height and soil moisture.  The table include residual degrees 

of freedom (Res.df), deviance and p-value for each predictor in the model. 

 

Both elevation, soil moisture and vegetation height were significant environmental factors 

when predicting the abundance of beetles. The interaction between elevation and 

vegetation height proved significant, meaning that the relationship between vegetation 

height and species composition differs between the two elevations. The interaction 

between vegetation height and soil moisture was also significant, meaning that depending 

on the vegetation height, the relationship between soil moisture and species composition 

changes. 
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Non-metric Multidimensional Scaling 

 

Figure 8 Non-metric Multidimensional Scaling of the different habitats based on pitfall traps (n=100) with 

one or more common species. Habitats are separated by color; Fen (red), shrub (green), heath (blue) shrub 

transition (TransitionS, grey) and fen transition (TransitionF, black), while point shape indicates high 

(triangle) or low (circle) elevation. 

 

The NMDS was based on all traps which included one or more common species (n=100) and 

showed that almost all the heath traps were gathered in the upper right corner. Fen and 

shrub gathered in the lower left and center part of the plot where shrub traps tended to 

cluster together with a single outlier. The two types of transition traps are dividing the two 

main groups as it would be expected. The stress factor of the NMDS was 0.181, where 

models with stress under 0.2 is typically accepted as a good model. 
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Discussion 

In this study, we assessed how beetle communities vary along local environmental 

gradients. We focused on soil moisture and vegetation gradients, at two different 

elevations. Similar studies have been made near Godthåbsfjorden, near Nuuk (Hansen et al. 

2016) and in Narsarsuaq based on data from 2014 (Høye et al. in press). Our results confirm 

the importance of soil moisture and vegetation height at different elevations, which was 

found by Hansen et al. 2016.  

One of the primary goals of this study was to confirm the findings of indicator species in 

Høye et al. (in press) and to explore any differences between these two study years. We 

found only two species as the same indicators at low elevation (P. septentrionis and B. 

fasciatus) while only one species was partly confirmed at high elevation (P. septentrionis). 

Othiorhynchus arcticus and Q. fellmanni was not found as indicator species in Høye et al. (in 

press) but we found O. arcticus to be an indicator of several habitats at low elevation and 

heath at high elevation while Q. fellmanni was found as indicator for shrub transition at low 

elevation. 

The scale of which observations are made have a high influence when detecting species 

communities (Willis and Whittaker 2002) as the ability to detect rare and uncommon 

species increase greatly with the sampling effort both in amount of traps and spatial scale 

(Crawley and Harral 2001, Lennon et al. 2001). The two most abundant species found in this 

study was O. nodosus and P. septentrionis, where the number of individuals were 25% and 

62%, respectively, higher in 2016 than the previously study made by Høye et al. (in press). 

The greater sampling effort resulted in the detection of two species not found in Høye et al. 

(in press), N. redtenbacheri and R. globulus represented by two individuals each at high 

elevation. However, Høye et al. (in press) still found two species not found in this study, 

Trichocellus cognatus (Carabidae) and Atheta groenlandica (Staphylinidae), both 

represented by only one individual each at low elevation. This suggest that these four 

species are either very rare in the area or not very active on ground level. When considering 

the morphology of these species, only R. globulus is not capable of flight due to rudimentary 

hindwings, but the other three species all have fully developed hindwings and should have 

no problem flying (Böcher et al. 2015). This suggest the main mode of locomotion for T. 
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cognatus, A. groenlandica and N. redtenbacheri is by flight, and Malaise traps might be a 

better method than pitfalls for catching these species. Rutidosoma globulus cannot fly, and 

is known to feed on Salix species (Böcher et al. 2015) suggesting that this species does not 

need to move very much in order to find resources as Salix is the dominating plants in Sub-

Arctic and Low-Arctic climates, which means that R. globulus might just be overlooked. 

Another possibility is that the habitat is not optimal for R. globulus in South Greenland, as it 

have been found in greater numbers near the ice cap near Godthåbsfjorden, near Nuuk 

(Hansen et al. 2016). 

The second goal of this study was to investigate if species were likely to be found further 

North in Greenland depending on where they were found along an elevational gradient, and 

how seasonality would change for the same species, when living in two different climate 

zones, the Sub-Arctic and Low-Arctic.  Some of the species was found in really low numbers, 

which could mean one of three things (i) Narsarsuaq is right on the border of their 

distribution or (ii) they are not very active on ground level meaning the capture of pitfalls 

would mostly be by chance, rather than a measure of how many individuals are using the 

area or (iii) the adults of the species were mostly active outside the sampling period. Below, 

discuss how the number of individuals of the different species could be affected by these 

explanations.  

Species distribution 

Although low in numbers the rare ladybird beetle N. redtenbacheri was found in this study 

along with the poorly known weevil R. globulus in fen habitat at high elevation, while N. 

redtenbacheri was also found in shrub habitat. Rutidosoma globulus is only represented by 

four records in Greenland before this study, with all previous observations being made near 

Godthåbsfjord, near Nuuk (Hansen et al. 2016) and Isortoq (Böcher et al. 2015), both 

locations which are much further North than Narsarsuaq. Since R. globulus was only found 

at high elevation it is well in line with the hypothesis that species found at high elevation 

would have a greater distribution in the central and northern part of Greenland, which is 

confirmed by the study of Hansen et al. 2016 where this species was found in much greater 

number. Our finding warrants for further studies of requirements for habitat for this species 

in Greenland, since it is also known from several parts of Europe, including Denmark where 
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it is treated as a widely distributed, but rare species (Wind 2004). Nephus redtenbacheri is a 

widely distributed species in South Greenland and while its distribution is known from 

Greenland to North Africa (Böcher et al. 2015), the findings at high elevation in Narsarsuaq 

suggest that it should also be further North in Greenland, however this species have almost 

only been found recorded South Greenland (Böcher et al. 2015). This bizarre distribution 

can be explained, as most finds are made in areas were the Norsemen settled in Greenland 

(Böcher et al. 2015), so we find the possibility that N. redtenbacheri was introduced to 

Greenland when the Norsemen settled likely. Since then it seems N. redtenbacheri have not 

been able to move further North in Greenland either due to physical barriers, such as ice 

caps, or due to environmental factors. The known habitat for N. redtenbacheri are Betula 

dominated areas, moist areas along water courses, as well as dry heath (Böcher 1988), 

which is in line with our findings in fen and shrub habitat. Although this is a well distributed 

species in South Greenland, only two individuals were found in this study, which indicates 

that Narsarsuaq is either on the border of the range for this species distribution or N. 

redtenbacheri is not very active on ground level. With fully developed wings, it seems that 

the most likely reason for the lack in collected individuals is the capture method. Pitfall traps 

mostly capture ground active arthropods, while Malaise traps capture flying arthropods, 

which means that Malaise traps would probably be better suited for capturing this species. 

It was expected that based on the abundance of individual species, it would be possible to 

relate the elevational gradient to the overall distribution of a species. However, a widely 

distributed species such as C. dolabratus was only represented by a single individual. The 

main reason for such a low catch rate can be explained by the known life history of C. 

dolabratus. Colymbetes dolabratus is depending on water in all its developmental stages 

and even though it is very capable of flying great distances, it will be a matter of luck for an 

adult to land in a pitfall trap. Adult C. dolabratus will stay at the bottom of freshwater lakes 

or ponds during the winter, where they will stay even if the lakes freeze over. If there is still 

water on the bottom adults will be able to survive due to an air bubble which is kept under 

the elytra. When the lakes thaw and the snow melts adults will search for a pond or lake to 

lay eggs, where the larval and pupal stages will evolve throughout the summer (Böcher et al. 

2015). Flying adults in August would be a sign of the preparation for winter, where they 

need a deep freshwater lake. 
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Species seasonality 

Since P. septentrionis is depending on moist areas (Böcher et al. 2015) we expected to see 

this species early in the season since all areas are getting water from snowmelt and streams 

are continuously fed with new snowmelt from the mountains. Our findings fit perfectly with 

these expectations as it seems like P. septentrionis was most abundant before we started 

sampling in 2016, where the snow melted away in start-May, while in 2015 snow was still 

present in start-July where this species had the highest abundance in mid-July (see figure 4). 

Otiorhynchus nodosus is more depending on its food source as it is a herbivore on wooden 

plants, so it was expected to see this species in the middle and end of the season as it would 

be the time with most leaves on the plants. The highest abundance of O. nodosus was found 

in a broad period stretching throughout the middle of the season as expected, but it was 

rarely collected in shrub habitat. This collection pattern could be that due to the dense 

shrub, O. nodosus does not need to move much in between resources and its tarsi are 

equipped with claws and suction cups, made for living in trees and shrub so it rarely falls to 

the ground. However, in the fen and heath habitats the woody plants can be much more 

scattered and patchy, forcing it to move longer distances to new food sources. 

Coccinella transversoguttata seems to have a bimodal seasonality, however it is not very 

pronounced. This pattern can be explained by the life cycle of this species, which include 

adult hibernation and larval development during summer (Böcher et al. 2015), which will 

explain the high number of individuals caught in the beginning of the season and at the end 

of the season, because the individuals caught will be old and new adults, respectively. In the 

middle of the season few adults are being caught, because most individuals of this species 

will be in a larval stage in this period meaning low mobility, while pitfall traps work best on 

the active species.  

Even though Q. fellmanni was collected in very low numbers, the seasonality shown for this 

species is well in line with the known patterns of this species, which includes adult 

hibernation (Böcher et al. 2015). The small number of individuals collected in the beginning 

of the season can therefore be survivors from the winter and spring, while the high number 

in the end of the season is the new adults.  
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Otiorhychus arcticus is known to have an unusual reproductive cycle, as both larval and 

adult individuals have been collected in April-September, indicating that both adults and 

larvae can hibernate (Böcher et al. 2015). Because of this lack of a strict cycle it would be 

expected that the seasonality of this species will be very different between years and be 

more influenced by environmental changes during the winter rather than the summer. In 

this study, the seasonality of this species was very uneven at high elevation and while being 

in higher numbers at low elevation, there was a relatively broad peak in the middle of the 

season. The difference between high and low elevation suggest that this species is not well 

adapted to the colder and harsher environment found further north in Greenland. 

Indicator species 

Patrobus septentrionis was found as an indicator for every habitat except heath, which is 

well in line with it using a wide range of habitats, but known to prefer moist areas (Böcher 

et al. 2015). Patrobus septentrionis have a relatively good mobility with full developed wings 

and even though flight have not been observed in Greenland (Böcher et al. 2015), it should 

be possible and therefore this species have a good possibility to move freely around, and 

thereby not being the most reliable as an indicator species. 

Quedius fellmanni was only found significant for the shrub transition at low elevation. 

Quedius fellmanni is known for being extremely eurytopic, with its habitat ranging from 

shores, dry heath, low shrubs, under stones, sphagnum-bog and bare or covered south 

facing slopes (Böcher et al. 2015).  

Byrrhus fasciatus was found as an indicator for all habitats except shrub, which is well in line 

with its life history. While typically hiding under stones, its only food source is moss (Böcher 

et al. 2015). Even though there can be a lot of moss in the shrub habitat, there are very few 

stones, however B. fasciatus is also known to live inside big moss dunes. There can 

therefore be a lack of catch rate in the shrub because this species is much less active when 

living in shrub, because it does not need to move from hiding to feeding area. The need for 

movement between hiding and feeding area, can explain, why 70% of all collected 

individuals at low elevation was found in heath habitat, where there are more stones (hiding 

places) present. 
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Otiorhynchus nodosus and O. arcticus can usually be found together in the same type of 

habitat, with O. nodosus being more frequent in moist areas, and O. arcticus more frequent 

in dry areas (Böcher et al. 2015). This was also found to be true in this study, with both 

species being present in all habitats at low elevation, with O. nodosus being more frequent 

in fen and shrub habitats, while O. arcticus was more frequent in heath habitat. Also at high 

elevation the difference was clear as 95% of O. arcticus were found in heath and only 5% in 

fen, while 50% of O. nodosus were found in heath and almost 30% in fen (see figure 5). This 

is well in line with O. arcticus being found as an indicator for heath at high elevation, while 

O. nodosus was found as an indicator for fen, heath and shrub habitat, as fen and shrub 

habitats would be moister than the heath habitat. Both species have a low mobility as 

neither of them can fly, so the chance that they just happened to pass by a different habitat 

than the one they live in should be small. 

Coccinella transversoguttata was only found as a significant indicator for the shrub 

transition in Blæsedalen, which might just reflect the limited number of individuals collected 

in Blæsedalen. Coccinella transversoguttata is a highly eurytopic species so it would be 

expected to be present in many different habitats. Even though it is highly eurytopic it is 

known to prefer dry areas, which also seems to be the case in this study (Böcher et al. 

2015). Even if nearly 75% of all individuals in Narsarsuaq were found in fen transects only 

30% was found in the fen habitat. 

This study found many differences in the indicator species analysis compared to Høye et al. 

(in press), which is assumed to be greatly influenced by the greater amount of sampling 

done in this study. The analysis is based on calculations on whether a species is likely to be 

found in each habitat depending on the observations, which is greatly correlated with 

sampling effort. This can also explain why Hansen et al. 2016 found H. morio as an indicator 

for fen habitat near Godthåbsfjorden, where seven individuals were found, and our study 

did not find it significant, as only one individual was found.  

Vegetation and environment 

The design of the shrub and fen transects were setup to follow the gradients of vegetation 

height and soil moisture, respectively. The measurements of those two gradients showed 

that the design did indeed follow a clear pattern for the respective gradient (figure S1 and 
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S2), while the other gradient was stable. Studies have shown that climate change is 

expected to lead to a decrease in soil moisture in the Arctic (Smith et al. 2005, Wrona et al. 

2016), which could lead to an increase in heath habitat. Although soil moisture will decrease 

Callaghan et al. 2011 found that there will be an increase in shrubification of habitats in the 

Arctic, however other studies did not find a clear link between shrubification and climate 

change in South Greenland (Myers-Smith et al. 2015, Damgaard et al. 2016). Most of the 

individuals collected in this study were found in heath habitat and very few in shrub, which 

would suggest that there will be no change or a decrease in abundance of most of the 

species found in this study, depending to the future shrubification. This trend will most likely 

also be observed for spiders and Hemiptera. The most abundant family of spiders 

(Lycosidae) are active hunters and depending open areas to hunt. Hemiptera such as 

leafhoppers and seed bugs, are primarily found in grass, herbs and flowers in the open areas 

(Böcher et al. 2015). However, arthropods such as Psylloidae, which primarily live on shrubs 

will follow the same trend as the future shrub cover. Psylloidae are a primary food source 

for many arthropods, such as wasps and spiders (Böcher et al. 2015) but also insectivorous 

birds, as members of Psylloidae rarely move around. 
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Conclusion 

In order to make a baseline for how terrestrial arthropods will respond to future 

environmental change, I have described the seasonality and habitat use of most beetle 

species along selected environmental gradients in South Greenland. However, only a 

handful of species was collected in sufficiently high numbers to give credible results. The 

seasonality and the habitat use of the most abundant species fitted with their known life 

cycles. Elevational gradients were also included in this study to see how seasonality and/or 

habitat use, changed when species where found in two different climate regions, Sub-Arctic 

and Low-Arctic. A few species were only found at high elevation, indicating that the climatic 

regions were clearly separated and recruitment between elevation could be ignored. Only a 

few species were found to change in habitat use between elevation, and most species had a 

lower abundance at high elevation. As a reference point, Disko Island (69⁰49N) was included 

in this study, were it turned out that one of the species that had much lower abundance at 

high elevation in Narsarsuaq (61⁰16N) had a higher catchment rate at sea level on Disko 

Island. 

Our study also aimed to explore any differences in indicator species between two study 

years of the same area, as Høye et. al. (in press) had made a similar study in 2014. We 

confirmed only a few indicator species, which could be explained by sampling effort, as our 

study provided a more detailed collection of samples. Hence our study highlights the 

importance of sample effort, and the use of vegetation height and soil moisture to explain 

changes in beetle communities. 
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Supplementary figures 

Figure S1 

 

Average vegetation height at each pairwise position of subplot near each pitfall trap at each 

elevation in A) fen and B) shrub. 
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Figure S2 
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Average soil moisture in A) fen and B) shrub transects at each pair of traps (1-9 and 1-5, 

respectively), at each elevation High (H) and Low (L). 
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Abstract 

The organisation of ecological communities along local environmental gradients provides 

important information about how such communities may respond to environmental change. 

In the Arctic, the importance of gradients in shrub cover and soil moisture for non-marine 

arthropod communities has been clearly demonstrated. By replicating studies along shrub 

and moisture gradients at multiple elevations and using space-for-time substitution, it is 

possible to examine how arthropod communities may respond to future environmental 

change. We collected and identified 4640 adult specimens of spiders and beetles near 

Narsarsuaq, South Greenland between 8 July and 25 August, 2014 from 112 pitfall traps. The 

traps were arranged in eight plots covering local gradients in either soil moisture or tall 

shrub dominance at both low and high elevation. Multivariate generalized linear models 

revealed that community composition was significantly related to shrub height and soil 

moisture, and that this relationship varied between low and high elevation. Among the 46 

species we found, more species were unique to the high elevation plots than to the low 

elevation plots, a finding that was most pronounced for spiders in plots along soil moisture 

gradients. Indicator species analysis corroborated earlier findings of the indicator value of 

specific species in Greenland and suggested that beetles may serve as better indicators of 

specific habitats than spiders. The location of plots along local environmental gradients 

allowed us to detect fine-scale variation in arthropod communities. Together our results 

suggest that Arctic arthropod community responses to environmental change may differ 

among low and high elevation sites. 

 

Key words: Arctic, beetles, Greenland, Narsarsuaq, pitfall trap, spiders 
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Introduction 

Understanding how and why ecological communities vary in space and time is a central 

challenge in ecology (Morin 2011). Paleoclimate and past glaciation events are clearly 

important for the broad–scale distribution of high latitude species (Normand et al. 2013; 

Svenning et al. 2015). Yet, the organisation of ecological communities across local 

environmental gradients provides important information about how such communities may 

respond to future environmental change. In Arctic tundra, variation in shrub cover, soil 

moisture and temperature are important environmental gradients for non-marine 

arthropods, which make up the bulk of species richness (Hodkinson et al. 2013). 

In the Arctic, increasing temperatures are changing soil moisture levels and 

shrub growth and dominance. Satellite imagery has revealed a widespread decrease in the 

number of lakes in Arctic Siberia linked to thawing permafrost (Smith et al. 2005; Wrona et 

al. 2016). At higher latitudes, warming may increase wetland areas due to shallow active 

layers and limited soil drainage, while in areas with deeper active layers, warming may lead 

to drying of top soils (Avis et al. 2011). Such changes may have profound effects on Arctic 

biota including plants (Elmendorf et al. 2012) and animals (Høye et al. 2013; Park 2017). 

Similarly, increased shrub growth (Myers-Smith et al. 2011) may change habitats for both 

vertebrates (Boelman et al. 2015; Ehrich et al. 2012; Ims and Henden 2012; Tape et al. 2016; 

Wheeler et al. 2017) and invertebrates (Hansen et al. 2016a; Hansen et al. 2016b; Rich et al. 

2013; Sweet et al. 2015). 

Soil moisture and cover of tall shrubs vary across climate zones across the 

Arctic as well as in relation to local topographic variation (Myers-Smith et al. 2011; Wrona et 

al. 2016). Following the premise of space-for-time substitution, local gradients in shrub 

dominance can be used to mimic the likely encroachment of dwarf shrub heath by taller 

woody species due to climate change. Indeed, such variation in shrub cover has been 

exploited to assess the effects of varying shrub dominance on arthropod abundance and 

family level diversity (Rich et al. 2013) and biomass (Sweet et al. 2015). Variation in soil 

moisture from fens toward drier soils with dwarf shrub heath could also provide a basis for 

predicting how e.g. arthropod communities may respond to altered hydrology as a 

consequence of climate change. In a first attempt to examine how local-scale variation in 
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shrub cover and soil moisture determine arthropod communities in the Arctic, Hansen et al. 

(2016b) sampled spiders and beetles inside and outside shrub and fen patches near Nuuk in 

West Greenland. Communities varied across local habitat transitions although the 

differences varied among sampled sites (Hansen et al. 2016b). In the Low-Arctic and the 

Sub-Arctic, soil drainage is better, temperatures are higher, and in sheltered areas shrubs 

grow taller than in the High-Arctic (Avis et al. 2011; Damgaard et al. 2016). The transition 

zone between the Sub-Arctic and the Low-Arctic could serve as a particularly relevant place 

for space-for-time studies of the effects of soil moisture and shrub dominance on arthropod 

communities. 

Temperature variation along elevational gradients can be used as a surrogate 

for climate related environmental filtering of arthropod communities (Hodkinson 2005; 

Hodkinson and Jackson 2005; Pizzolotto et al. 2016). While declining species richness with 

elevation is commonly observed (e.g. Bowden and Buddle 2010b), mid-elevational peaks in 

species richness have also been observed and the available regional species pool as well as 

habitat and microclimatic diversity may shape the exact configuration of communities at a 

given elevation (Hodkinson 2005; Peters et al. 2016). Hence, the species pool available to 

inhabit local gradients in shrub dominance and soil moisture will likely differ between low 

elevation and high elevation sites. The strength of local environmental gradients in e.g. soil 

moisture and vegetation structure may also vary between benign conditions at low 

elevation and the harsher conditions at high elevation (Hodkinson 2005). 

Spiders and beetles are known to respond to a wide variety of environmental 

parameters (Wheater et al. 2000) and have been widely recommended as bioindicators 

(Pearce and Venier 2006). Better spatial replication of arthropod sampling and local 

measurements of critical environmental factors, e.g., soil moisture and vegetation height, 

would therefore add substantial new information to the study of Arctic arthropod 

community responses to future climate change. This paper investigates the importance of 

local gradients in soil moisture and vegetation height for the structure of spider and beetle 

communities in South Greenland and whether the importance may vary with elevation in 

plots representing Sub-Arctic and Low-Arctic conditions, respectively. Due to the specific 

geography in Greenland with a limited area with Sub-Arctic conditions surrounded by the 

Atlantic Ocean, we predict that high elevation communities are subsets of low elevation 
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communities. We also identify potential indicator species, which can serve as sensitive 

biological indicators of future environmental changes in Arctic ecosystems. As such, the 

study can be seen as a baseline for future Arctic biodiversity assessments (Hodkinson et al. 

2013; Høye and Sikes 2013; Post and Høye 2013).  

 

Material and methods 

Study area and data 

Spiders and beetles were collected with uncovered pitfall traps during the period 8 July to 

25 August 2014 arranged in eight plots near Narsarsuaq, South Greenland (61.16°N, 

45.40°W, Figure 1). We used yellow pitfall traps, because they combine the benefits of 

pitfall and pan traps in low stature vegetation (Ernst et al. 2016). The traps were 10 cm in 

diameter and contained a 50% propylene glycol as preservative and to break the surface 

tension of the trapping liquid. Four plots (fen plots) were established to cover local 

gradients in soil moisture and four plots (shrub plots) were established to cover local 

gradients in Salix glauca, which is the dominant tall shrub species of the area (Figure 1). Two 

fen plots (LF1 and LF2) and two shrub plots (LS1 and LS2) were located at 50m above sea 

level and two fen plots (HF1 and HF2) and two shrub plots (HS1 and HS2) were located at 

about 450m above sea level. Besides mosses, the fens were dominated by Betula glandulosa 

and different species of Carex with higher dominance of lichens at high elevation. The 

heaths had a higher cover of dwarf shrubs like Vaccinium uliginosum and Empetrum 

hermaphroditum and lichens and the shrub patches had an almost complete cover of Salix 

glauca with occasional herb species like Campanula rotundifolia. 

Fen plots were 5m×40m and consisted of 18 pitfall traps arranged in two rows 

five meters apart with nine pitfall traps five meters apart in each row (Figure 2). The two 

traps in the middle of each row were placed in the transition between fen and dwarf shrub 

heath with eight traps on one side placed in the fen and eight traps on the other side placed 

in the heath (Figure 2). Shrub plots were 5m×20m and consisted of 10 pitfall traps arranged 

in two rows five meters apart with five pitfall traps five meters apart in each row. Similar to 

the fen plots, the two traps in the middle of each row in shrub plots were placed in the 

transition between Salix glauca shrub patches and dwarf shrub heath with four traps on one 
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side placed in shrub habitat and four traps on the other side placed in heath (Figure 2). The 

limited size of shrub patches at our site did not allow us to make shrub plots as large as fen 

plots. Next to each pitfall trap, a 1×1m vegetation subplot was established (Figure 2). 

The height of the vegetation was recorded to the nearest cm as the mean of 

nine measurements of vegetation height arranged in a 1×1m cross in each vegetation 

subplot. Measurements of vegetation height were carried out at peak growing season in July 

2016. Soil moisture was measured as volumetric water content at 12 cm depth on a weekly 

basis between 8 July and 25 August during the 2015 and 2016 growing seasons by three 

measurements in each vegetation subplot using a FieldScout TDR 300 Soil Moisture Meter 

from Spectrum Technologies, Inc. Unfortunately measurements of vegetation height and 

soil moisture were missing for one high elevation fen plot (HF2). We compared vegetation 

height and soil moisture using a general linear model with each subplot as observational 

unit. For soil moisture, we used the mean soil moisture across weekly measurements in 

both years for each subplot as observational unit. Within each plot, we used a group 

variable to classify subplots on either side of the transition and omitted subplots in the 

transition. As predictor variables we used group, plot and elevation and ran one model for 

vegetation height using data from shrub plots and one model for soil moisture using data 

from fen plots. 

For this study, a total of 112 pitfall traps were in operation for a total of 5040 

trap days. Adult spiders and beetles were identified using a stereo microscope and the 

recent key to spiders and insects from Greenland (Böcher et al. 2015), cross-referencing 

Marusik et al. (2006) and Spiders of Europe at: http://www.araneae.unibe.ch. Specimens 

are preserved in 75% ethanol and stored at the Natural History Museum Aarhus, Denmark. 

The dataset is available through the Global Biodiversity Information Facility 

(http://doi.org/10.15468/kjwngr). 

Species diversity 

We used Venn diagrams to summarize how many species of spiders and beetles were found 

at high and low elevation for fen and shrub plots separately. Venn diagrams offer an 

intuitive solution to visualizing the number of unique and shared species among groups of 

habitats or sites (Micallef and Rodgers 2014). Species diversity was calculated using 
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abundance-based as well as incidence-based data. For some groups of arthropods, e.g. ants, 

incidence-based diversity estimates are recommended due to the clumped distribution of 

individual species, while for other groups, e.g. spiders, abundance-based diversity estimates 

may offer the best solution (Hsieh et al. 2016). For this reason, we opted to repeat our 

diversity analyses using both incidence and abundance-based estimation. We calculated 

diversity using Hill-numbers: 0 = species richness, 1 = Shannon diversity, and 2 = Simpson 

diversity with the R package iNEXT (Chao et al. 2014; Hsieh et al. 2016) by each plot type at 

each elevation (i.e. by pooling the data in four groups, HF, HS, LF, and LS). We compared 

samples at the same level of sample completeness i.e. the proportion of species in the 

community, which is represented in the sample. Since sample completeness was very high 

for both abundance-based and incidence-based estimation (> 0.94 in all cases), we used the 

level of sample completeness equal to the least well-sampled group (Chao et al. 2014). 

Indicator species 

We performed indicator species analysis (Dufrene and Legendre 1997) separately for high 

and low elevation plots based on the abundance of each species in each of the four habitat 

types: shrub, heath, fen as well as the transition sections (Figure 2). We used the multipatt 

function in the R package indicspecies and included site group combinations to allow species 

to indicate more than one habitat (De Caceres et al. 2010; De Caceres et al. 2012). The 

multipatt function calculates a specificity value ‘A’ (range 0 – 1), which indicates the 

conditional probability that a trap belongs to a certain habitat given that the species has 

been found in the trap, as well as a sensitivity value ‘B’ (0 – 1), which indicates how many of 

the traps in a certain habitat the target species has been found in. Significance of the 

relationship between species and habitat was based on permutation tests using 9999 

random permutations to estimate p-values.   

Community composition 

To analyse variation in community composition, we employed latent variable modelling, a 

Bayesian model-based approach which explains community composition through a set of 

underlying latent variables to account for residual correlation among species, for example 

due to biotic interaction (Warton et al. 2012). This method offers the possibility to adjust 

the distribution family to e.g. “poisson” or “negative binomial” to account for over-

dispersion in data without confounding location with dispersion (Hui et al., 2015). We used 
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the R package boral (Hui 2016) to perform model-based unconstrained ordination (Hui et al. 

2015). We modelled combined spider and beetle communities with two latent variables and 

poisson distribution to visualize the clustering of arthropod communities across elevation 

and plot types. We scaled symbol size according to soil moisture level and vegetation height. 

To examine if a potential role of soil moisture and vegetation height interacted with each 

other and with elevation we constructed a multivariate generalized linear model using the 

manyglm function in the R package mvabund (Wang et al. 2012). We included all two-way 

interactions in the model structure and used a negative binomial distribution based on 

inspection of residual plots. All analyses were done in R version 3.2.5. 

Results 

Across the study period, our sampling resulted in the capture of 8177 spiders and 549 

beetles. Among these, 4091 adult spiders and all beetles were identified to species level and 

all species were previously known from Greenland (Böcher et al. 2015; Hansen et al. 2016a; 

Hansen et al. 2016b). Juvenile spiders were not used in further analysis. The spiders were 

distributed across 35 species belonging to 11 families. The three most abundant species in 

the traps, the wolf spiders Pardosa furcifera and Pardosa hyperborea (Lycosidae) and the 

crab spider Xysticus durus (Thomisidae), were abundant at both low and high elevation. A 

total of 12 of the 35 species collected were only represented by one or two specimens 

(Table 1). Among the beetles, 11 species were found across six families. The three most 

abundant species in the traps were the weevil Otiorynchus nodosus (Curculionidae), the 

ground beetle Patrobus septentrionis (Carabidae), and the ladybird beetle Coccinella 

transversoguttata (Coccinellidae). The first two species were most abundant at low 

elevation, whereas the latter was most abundant at high elevation. Three beetle species 

were only represented by a single specimen (Table 1). 

Soil moisture was higher in the fen section compared to the heath section of 

fen plots, but we found no differences among plots or between high and low elevation 

(ANOVA, βfen = 23.4±1.54, F1,46 = 230.8, p < 0.0001, Figure 3a). Similarly, the vegetation was 

higher in the shrub section compared to the heath section of shrub plots with no effect of 

elevation or plot (ANOVA, βshrub = 36.7±4.33, F1,30 = 71.71, p < 0.0001, Figure 3b). 
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Among the 26 spider species found in shrub plots, seven species were only 

found at high elevation. Similarly, among the 29 spider species found in fen plots, 11 species 

were only found at high elevation. In contrast, all beetle species found at high elevation, 

except the water beetle Hydroporus morio (Dytiscidae) represented by a single specimen, 

were also found at low elevation (Figure 4). Total species richness was higher for fen plots at 

high elevation than for fen plots at low elevation and shrub plots at both high and low 

elevation using both abundance-based and incidence-based data (Figure 5a,b). However, for 

the incidence-based data, low elevation shrub plots showed intermediate levels of species 

richness (Figure 5a). There were no differences among plot types for Simpson diversity nor 

for Shannon diversity using incidence-based data (Figure 5c,d,e). For abundance-based data, 

Shannon diversity was significantly higher for high elevation plots of each type (shrub or fen) 

relative to low elevation plots (Figure 5f). 

Among spiders, we found six significant indicator species, which were 

indicating shrub habitats or shrub habitats in combination with other habitats. Four species 

were significant indicators at either high or low elevation and two species, Hybauchenidium 

gibbosum and Improphantes complicatus, were significant indicator species at both low and 

high elevation. Arctosa insignita indicated fens at low elevation and Wabasso quaestio 

indicated fens at high elevation, while Hahnia glacialis and Agyneta nigripes indicated 

transition sections although both species were found in low numbers (Table 1). Four of the 

twelve species of beetles were significant indicator species. At low elevation, these four 

species were indicators for transition sections in combination with either heath sections 

(Byrrhus fasciatus and C. transversoguttata) or shrub and fen sections (P. septentrionis) or 

shrub and heath sections (O. nodosus). At high elevation, P. septentrionis was also an 

indicator of shrub sections (Table 1). 

The model-based unconstrained ordination showed clear separation of 

communities of spiders and beetles at both low and high elevation, with some separation 

within each elevation of plots varying in soil moisture and vegetation height (Figure 6). The 

multivariate generalized linear models revealed significant effects of soil moisture and 

vegetation height, as well as elevation. In addition, the interaction between soil moisture 

and vegetation height, between soil moisture and elevation, and between vegetation height 

and elevation were significant (Table 2). Thus, the arthropod community response to the 
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local gradients in shrub dominance and soil moisture differed between low elevation and 

high elevation plots. 

Discussion 

In this study, we assessed how elevation can modulate the structure of non-marine Arctic 

arthropod communities at sites along local environmental gradients. Our results confirm 

that local gradients in soil moisture and tall shrub dominance are important factors 

determining the structure of beetle and spider communities. By using the same number of 

pitfall traps in the same number of plots covering local environmental gradients, our results 

offer an equal effort comparison, which can be repeated to track the consequences of 

climate change as has recently been recommended by Ernst and Buddle (2015). Our results 

highlight that elevational variation is an important additional factor to consider along with 

soil moisture and vegetation height which were identified in a study from Godthåbsfjorden 

about 1000 km further north in West Greenland (Hansen et al. 2016b). We measured two 

central variables (soil moisture and vegetation height), but other environmental factors, 

such as temperature and precipitation typically vary with elevation and could also be 

important for arthropods (Hodkinson 2005). Since the community response to the local 

environmental gradients varied among elevations, communities at different elevations are 

also likely to change at different rates in response to ongoing global warming. Therefore, we 

recommend that such local gradients in soil moisture and vegetation height should be 

replicated along an elevational gradient in long-term monitoring of Arctic arthropod 

responses to climate change.  

We had expected to find higher species diversity at low elevation than at high 

elevation. In contrast to previous studies from Canada (Bowden and Buddle 2010b) and in 

an alpine region of Norway (Hein et al. 2014), we found limited evidence of nestedness in 

spider communities i.e. that high elevation communities consisted of a subset of the species 

found in lower elevation communities. In fact, there were as many or more spider species 

unique to our high elevation shrub and fen plots, respectively. We cannot rule out that 

phenological differences between low and high elevation could have affected our results. 

For instance, if early season species had ceased to be active at our low elevation plots 

before we started sampling, we could have found a different pattern by starting our 
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sampling even earlier. Further studies could explore this possibility, but we consider it an 

unlikely explanation, since we already started our sampling in early July and thus covered 

most of the growing season. Among beetles, we found a clearer pattern of nestedness, 

except that three of the ten beetle species found were represented by a single specimen. 

There is little published literature on elevational variation in high latitude beetle 

communities, but a gradual decrease in species richness with latitude has been documented 

across the Canadian Arctic (Ernst and Buddle 2015) and the Arctic in general (Chernov et al. 

2014). Sub-Arctic conditions found at low elevation at our site are confined to a small area 

of South Greenland. Further studies at a broader range of sites in Greenland or at the same 

sites across multiple years are needed to identify species that may benefit from climate 

change related expansion of Sub-Arctic conditions to areas at higher elevation. 

Higher vegetation structure could offer additional niches and therefore host 

higher diversity of spider species (Avila et al. 2017; Bowden and Buddle 2010a) or 

arthropods in general (Rich et al. 2013). While spider and beetle communities varied along 

the local gradients in soil moisture and tall shrub dominance, we found no evidence of 

differences in diversity among plot types. Generally, our diversity estimates based on 

abundance-based and incidence-based data were in agreement. Only high elevation fen 

plots had higher species richness than other plot types. High elevation plots also had higher 

Simpson diversity than low elevation plot, when fen plots and shrub plots were compared, 

although this was only the case when using abundance-based data. In contrast, Bowden and 

Buddle (2010a) found higher spider species richness in sites with higher vegetation structure 

across a latitudinal gradient in Arctic Canada. Arthropod species richness and diversity was 

significantly greater in shrub than open tundra in Alaska although with some differences 

among sites (Rich et al. 2013). In West Greenland, arthropod diversity in  heath, fen and 

shrub habitats differed significantly, with fen habitats being the least diverse (Hansen et al. 

2016b). We note that about one third of the species we found were represented by one or 

two specimens, which could suggest that despite a total of almost 5000 individuals across 

more than 5000 trap days and 112 different traps as well as our efforts to account for 

variation in sample completeness, our estimates of habitat-specific variation in richness 

should be regarded as preliminary. 
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Our study provides new information on the indicator value of arthropods for 

tundra habitats. The biology of the spider species H. gibbosum is not well known for 

Greenland (Böcher et al. 2015), yet our results identify this species as indicator of shrub 

habitats. Given its high abundance at our site, it will be straightforward to gain further 

knowledge about its phenology and specific habitat requirements. The wolf spider A. 

insignita was an indicator species of fens, which is in line with previous descriptions of the 

species’ biology (Böcher et al. 2015) and what has been found on Belcher Islands, Hudson 

Bay, Canada (Koponen 1992). Arctosa insignita appeared to be widely distributed across 

habitats at both sea level and at 600–700 m above sea level at study sites near 

Godthåbsfjorden further north in Greenland. Another spider species W. quaestio, which in 

our study was an indicator species for fens at high elevation, was only found in fen habitats 

at sea level near Godthåbsfjorden (Hansen et al. 2016a; Hansen et al. 2016b). Since they are 

likely to be sensitive to future changes in precipitation patterns and associated soil moisture 

levels. Arctosa insignita and W. quaestio are therefore relevant indicator species in a climate 

change context.  

Among the beetles, C. tranversoguttata and B. fasciatus have been described 

as eurytopic and highly mobile species with fully developed wings, but also with a 

preference for dry heath (Böcher et al. 2015). Coccinella transversoguttata was also a 

significant indicator species for heath habitat near Godthåbsfjorden (Hansen et al. 2016a; 

Hansen et al. 2016b). Otiorynchus nodosus has been described as highly eurytopic with a 

wide range of host plants in both adult and larval stages and a preference to moist areas 

(Böcher et al. 2015). It was not found at high elevation sites near Godthåbsfjorden, and 

although it was present at sea level near Godthåbsfjorden, it was not a significant indicator 

species at this more northerly site. In our study, it was only an indicator species at low 

elevation. This species lacks hind wings which makes it much less mobile than C. 

transversoguttata (Böcher et al. 2015). The association of the ground beetle P. septentrionis 

with shrub habitat fits with the previous analysis of Hansen et al. (2016b) who identified this 

species as indicator of shrub and fen habitats at sea level in Godthåbsfjorden. According to 

Böcher et al. (2015), this species has been found in moist areas, ranging from beaches and 

lake shores to grassland and lush shrub. 
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Species may be more restricted in their habitat association towards the 

margins of their ranges (Strathdee and Bale 1998). Although the exact distributional ranges 

of most of the species we found are not well known, a large number of the insect and spider 

species known from Greenland are confined to the northern parts of Greenland (Böcher et 

al. 2015). Hence, even widespread species may have colonized North Greenland before 

South Greenland from Canada, Iceland or Svalbard. South Greenland is surrounded by the 

Atlantic Ocean and Sub-Arctic conditions like those found at our low elevation site are 

restricted to small areas in the inner fiords of South Greenland. Three beetle species and 

two spider species were only habitat indicators at low elevation. Despite that all five species 

were found at sea level near Godthåbsfjorden, only two of these species were also 

significant indicator species at this more northerly site. This suggests that insect species may 

generally exhibit tighter habitat associations at our southerly site compared to more 

northerly sites in Greenland. The abundance of such indicator species may thus be relevant 

biological indicators of future environmental change. Our indicator species analysis was 

limited by the low number of specimens of many of the species. Twelve species of spiders 

and three species of beetles were represented by only one or two specimens. This 

emphasizes the importance of plot replication, even in relatively species poor regions like 

the Arctic. Further studies based on large number of traps across several seasons may be 

necessary to confirm the indicator status of specific species. 

The direction and magnitude of future changes in soil moisture levels and 

vegetation height in the Arctic is uncertain (Phoenix and Bjerke 2016; Rawlins et al. 2010). 

Although there is a general expectation of increased shrub growth, long-term observations 

from paired vegetation plots subject to sheep grazing and fenced off to prevent sheep 

grazing have so far shown little evidence for shrub encroachment in South Greenland 

(Damgaard et al. 2016). Dendroecological studies of shrub growth in South Greenland also 

show no relationship between climate and shrub growth (Myers-Smith et al. 2015). Most 

studies on shrubification are however, limited to a small number of sites across the Arctic 

and the understanding of local variation in shrubification is limited (Young et al. 2016). Long-

term data on soil moisture have coarse spatial resolution, but with our direct measurements 

of soil moisture at each pitfall trap, we have provided a basis for future comparison. This will 
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also allow us to assess possible links between changes in soil moisture and rates of shrub 

growth (Ackerman et al. 2017). 

We consider this study as a thorough baseline for further studies on how Arctic 

arthropods will respond to changes in climate and habitat characteristics. As hypothesized, 

habitat type and elevation were significant factors determining species assemblages in this 

area. We have established a clear link between local environmental factors and arthropod 

communities and recommend that soil moisture and vegetation height are measured in 

future studies of arthropod community variation in space and time at other Arctic sites. 

Further studies will allow us to track the temporal dynamics of specific indicator species in 

response to climate change. We would also recommend that other taxonomic groups are 

studied from similar plot designs to identify indicator species among e.g. moths, wasps, and 

flies. Such studies will help develop a more detailed understanding of how Arctic arthropod 

communities are affected by environmental factors and how functional traits like e.g. 

mobility and generation time affect their spatio-temporal dynamics and response to 

environmental change. 
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Table 1 

The number of specimens of each spider and beetle species grouped at each of the two 

elevations (low: L and high: H) in the two types of plots (shrub: S and fen: F). Significant (p < 
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0.05) indicator species of individual habitats (shrub: S, heath: H, fen: F or transition: T) or 

combinations of habitats are indicated for indicator species analyses carried out at each 

elevation, separately.  

      Abundance   Indicator 

Order Family Species HF HS LF LS   High Low 

Araneae Araneidae Araneus groenlandicola 0 1 0 0    

  Hypsosinga groenlandica 28 17 0 0    

  Larinioides cornutus 6 0 0 0    

 Dictynidae Emblyna borealis 0 0 0 1    

 Gnaphosidae Haplodrassus signifer 14 12 2 1    

 Hahniidae Hahnia glacialis 3 0 0 2   T 

 Linyphiidae Agyneta jacksoni 6 5 3 4    

  Agyneta nigripes 2 1 4 2  T  

  Diplocentria rectangulata 4 2 0 0    

  Dismodicus decemoculatus 2 0 0 0    

  Hilaira herniosa 4 3 0 0    

  Hybauchenidium gibbosum 1 30 32 164  ST HST 

  Improphantes complicatus 8 17 5 8  ST S 

  Mecynargus borealis 1 0 0 0    

  Mecynargus morulus 2 0 0 0    

  Mecynargus paetulus 0 1 0 0    

  Neriene peltata 0 0 0 1    

  Oreoneta frigida 1 2 2 4    

  Oreonetides vaginatus 7 1 3 0    

  Pocadicnemis americana 10 4 7 7    

  Scotinotylus alpinus 0 0 1 0    

  Semljicola obtusus 5 1 6 1    

  Tiso aestivus 1 0 1 0    

  Wabasso quaestio 12 0 7 0  F  

  Walckenaeria castana 0 0 0 1    

  Walckenaeria cuspidata brevicula 2 0 0 0    
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  Walckenaeria karpinskii 1 0 0 2    

 Lycosidae Arctosa insignita 19 0 37 1   F 

  Pardosa furcifera 382 184 219 113    

  Pardosa groenlandica 2 0 5 0    

  Pardosa hyperborea 245 301 657 654    

 Philodromidae Thanatus arcticus 6 9 0 0    

 Tetragnathidae Tetragnatha extensa 0 0 0 2    

 Theridiidae Enoplognatha intrepida 1 5 11 4    

 Thomisidae Xysticus durus 195 202 195 154    

Coleoptera Byrrhidae Byrrhus fasciatus 0 0 7 3   HT 

 Carabidae Bembidion grapii 0 0 1 6    

  Patrobus septentrionis 10 24 15 23  S FST 

  Trichocellus cognatus 0 0 0 1    

 Coccinellidae Coccinella transversoguttata 17 29 9 15   HT 

 Curculionidae Otiorynchus arcticus 0 3 14 27    

  Otiorynchus nodosus 13 6 98 189   HST 

 Dytiscidae Colymbetes dolabratus 2 2 1 0    

  Hydroporus morio 1 0 0 0    

 Staphylinidae Atheta groenlandica 0 0 1 0    

    Quedius fellmanni 0 0 25 7       
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Table 2 

Summary results of multivariate generalized linear model of the abundance of all species of 

spiders and beetles identified in this study in relation to the environmental predictors, 

vegetation height, soil moisture and elevation and all two-way interactions. The table 

presents residual degrees of freedom, deviance and p-value for each term in the model. 

Term Residual degrees of freedom Deviance p-value 

Vegetation height 92 136.8 < 0.001 

Elevation 91 501.0 < 0.001 

Soil moisture 90 162.8 < 0.001 

Vegetation height:Elevation 89 41.5 0.048 

Elevation:Soil moisture 88 84.5 < 0.001 

Vegetation height:Soil moisture 87 67.6 0.016 

 

Figure 1 

  

Map of the study area. The light and dark grey dots indicate the location of fen (HF) and 

shrub (HS) plots at high elevation, respectively. The white and black dots indicate the 
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location of the fen (LF) and shrub (LS) plots at low elevation, respectively. The airport at 

Narsarsuaq is marked with a white square. The interval between contour lines is 100m. The 

inset indicates where the study area is located in Greenland. 

Figure 2 

 

 Plot design for fen and shrub plots. Each dot is a pitfall trap and fen plots consisted of 18 

pitfall traps while shrub plots consisted of 10 pitfall traps. Fen plots are extended 10 meters 

(four pitfall traps) at both ends relative to shrub plots. Each plot consists of two lines of 

pitfall traps and associated vegetation subplots perpendicular to the gradient of soil 

moisture and Salix glauca dominance in fen and shrub plots, respectively. The two traps in 

the middle of each plot are regarded as the transition section. 
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Figure 3 

 

The measured variation in soil moisture (volumetric water content in %) and vegetation 

height (in cm) in fen (a) and shrub (b) plots presented as box plots for each position along 

the local environmental gradient, respectively (See Figure 2). Soil moisture measurements 

were taken weekly between 8 July and 25 August in 2015 and 2016. We used the mean soil 

moisture across weekly measurements in both years in each subplot as observational unit. 

Vegetation height measurements were taken at peak growing season in 2016. Dots indicate 

observations falling outside 1.5 times the interquartile range. 
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Figure 4 

 

Venn diagrams showing the number of unique and shared species of spiders and beetles at 

high (450 m) and low (50 m) elevation in shrub and fen plots 
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Figure 5 

 

The species richness (a,b), Shannon diversity (c,d) and Simpson diversity (e,f) for each of the 

four plot types high elevation fen (HF) and shrub plots (HS) and low elevation fen (LF) and 

shrub (LS) plots for both  incidence-based (a,c,e) and abundance-based (b,d,f) data. The 

effective species number is given ±95% confidence intervals by comparing samples at the 

level of sample completeness equal to the least well sampled plot type. Plot types sharing 

the same letter at the bottom of each panel were not significantly different. Plot types were 

not significantly different in panels without letters. 
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Figure 6 

 

Latent variable modelling of spider and beetle communities from all 112 traps. Data from 

fen (HF) and shrub (HS) plots at high elevation are indicated by light and dark grey dots, 

respectively. Data from fen (LF) and shrub (LS) plots at low elevation are indicated by white 

and black dots, respectively. The circle sizes represent soil moisture levels (a) and vegetation 

height (b). Traps with missing data are indicated by crosses (×). 
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Appendix 2 – Authors accomplishments during his Masters thesis 

During the development of this Master thesis, the author played a key role during the field 

work in 2016 and the start of the 2017 season in Narsarsuaq, Greenland, and was involved 

in several projects, including registering the cover of different plant groups within the 

subplots next to each pitfall trap. Sorting of samples from 2015 and 2016 was very time 

consuming and to compensate the author started on the sorting of 2016 material as they 

were collected on the field station and before samples from 2016 could arrive to the Natural 

history museum in Aarhus, samples from 2015 was sorted, with the goal to be able to 

include data from Narsarsuaq 2015 into this study.  

During the sorting process of 2016 material the author discovered a parasitoid wasp, 

Gonatopus brooksi (Olmi 1984), which had not been seen in Greenland since 1987 where 

one specimen had been recorded near Qassiarsuk (61⁰08’N, 45⁰34’W). The author 

systematically went through all sorted samples that included any Hymenoptera in 2015 and 

2016 to search for more specimens. Three specimens were found in the 2015 material and 

30 in 2016. The author took the initiative to track down an expert (Dr. Massimo Olmi, who 

initially discovered the species in 1984) in Italy, to get the identification confirmed. 

According to Dr. Olmi’s overview of the records of G. brooksi, the authors work with G. 

brooksi have led to an increase in the records of this species in the Nearctic region from 20 

individuals to 53. 

During the identification process, all beetles from Narsarsuaq 2014, 2016, sorted samples 

from 2015 as well as Blæsedalen, Disko island 2016 were identified. The beetles from 2014 

were primarily used in another study, Høye et al. (in press, Appendix 1). In addition to beetle 

identification the author was in charge of the discussion regarding the beetles in the 

indicator species analysis in Høye et al. (in press), which has been accepted in Polar Biology. 

 

 

 

 



  Master thesis by 
  Mathias G. Skytte 
  15/9-2017 

70 
 

Appendix 3 – Species gallery (Böcher et al. 2015) 
Carabidae 

  

 

 

 

 

 

 

 

Bembidion grapii Patrobus septentrionis 
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Curculionidae 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Otiorhynchus nodosus Otiorhynchus arcticus 

Rutidosoma globulus 
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Coccinellidae 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coccinella transversoguttata Nephus redtenbacheri 
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Byrrhidae 

 

 

 

Staphylinidae 

 

 

 

 

Byrrhus fasciatus 

Quedius fellmanni 
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Dytiscidae 

  

 

 

 

 

 

 

Colymbetes dolabratus Hydroporus morio 


