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Abstract 

Tracking changes in community composition in response to environmental change, requires 

knowledge on species distributions in space and time. For Arctic Arthropods this knowledge is 

accumulating slowly due to the prohibitive costs of field work and species identification. 

Accordingly, it is important to determine to which extent the timing and duration of sampling 

affects detectability of species. With a solid base in a monitoring scheme incorporating nearly 20 

years of consecutive weekly arthropod sampling in North-Greenland, we studied how sampling 

time and duration of sampling, affected the distribution patterns of Arctic arthropods at family 

and species level resolutions. Through multivariate models, turnover measures, and species 

richness, we assessed the seasonal window where arthropod diversity was stable and compared 

the results to similar data from three other sites in the Arctic, spanning a large geographic and 

climatic. To further document how this seasonal window could be expected to deviate in 

response to climate change, we used environmental fitting analysis to correlate findings with 

environmental variables. Arthropod compositions displayed a similar multivariate pattern across 

sites, habitats taxonomic resolution and years. However, compositions differed significantly 

between habitats as well as sampling dates, and there was an interaction between sampling dates 

and habitats for most sites. Increasing temperatures and advancement in timing of snowmelt 

extended the seasonal window where richness peaked, and this also varied slightly among sites. 

The recommendations made here are a useful tool for accruing large scale data on distributional 

patterns.     

Introduction 

Global biodiversity loss is occurring at an alarming rate, due to global change and increasing 

human influence (Butchart et al. 2010). Monitoring of biodiversity, as well as, gaining a full 

comprehension of the spatial and temporal distribution of species are among the top priorities in 

ecology (Heller & Zavaleta 2009). Recent accelerating climate change, which alters habitats and 

compromises species living conditions, increases relevance further (Elmendorf et al. 2012). In 

spite of increasing focus, sufficient information about the distribution of species richness in large 

regions, such as the Arctic, remains sparse for many biological groups (CAFF 2013; Hodkinson 

2013). Many ecological studies seek to track changes in species diversity and composition 

throughout the season and over multiple years (Høye & Forchhammer 2008; Spitzer & Jaroš 



 
 

2009; Bowden et al. 2015), in order to adequately describe the changes in communities brought 

on by environmental disturbances, such as climate change (Magurran et al. 2010). Although 

sampling all taxa at multiple sites through a full season of activity is preferable, it may be a 

daunting task, due to logistical constraints and limited resources available. This predicament, 

however, raises an interesting question. What fraction of the community is ignored by not 

covering full seasons?  

 Numerous studies on species-area relationships have shown strong positive relationships 

between species richness and turnover and the area or the heterogeneity of the habitat sampled 

(Connor & McCoy 1979; Lomolino 2000; Hansen et al. 2016a; Hansen et al. 2016b; Vandvik et 

al. 2016). The temporal pendant of species area relationship, the species–time relationship (Adler 

& Lauenroth 2003; White & Gilchrist 2007; McGlinn & Palmer 2009), describes the similarly 

positive relationship between species richness and the length of time a site is studied (Preston 

1960), but has not yet been studied as intensively. Temporal species accumulation operates at 

multiple time scales. Firstly species accumulates intraannually as seasons and conditions shifts. 

Secondly, variability in weather patterns between years accumulates species over decades or 

even centuries. Thirdly, there is the evolutionary change in extinction and speciation rates, 

operating over centuries and millennia (Preston 1960; Magurran et al. 2010; Boggs 2016). 

Therefore the seasonal development of species is expected to change across years. Moreover, 

changes over time in a community may occur as the observed accumulation of richness as more 

species are added throughout the time frame, but also from turnover events where one species 

replaces another, making both community composition and richness important measures (Yen et 

al. 2016). Most past and contemporary studies of species-time relationships refer to the 

interannual variation of species aggregating over the course of multiple years.  

A few studies have indicated that lowering the temporal extent and resolution of 

sampling may have limited impact on species compositions and diversity (Nally et al. 2004; Xu 

et al. 2015). It is, however, unknown to what spatial and taxonomic extent the generality of these 

patterns can be inferred. Furthermore, when combining spatial and temporal patterns, the 

influence of increasing the spatial extent exceeds that of temporal increments on species richness 

(Erös & Schmera 2010). One way of capturing the seasonal window where local colonization 

and extinction patterns are low, is to look for statistical regularity and aggregation in the 



 
 

observed compositional patterns (White & Gilchrist 2007). Considering this, the rate of species 

accumulation might not be constant over the span of a season, and specific subsets in time may 

capture significant proportions of the community. 

Multiple studies of Arctic distributional patterns have disputed the common conception 

of the Arctic as a rather homogenous landscape and that heterogeneity between habitats cause 

great diversification (Bowden & Buddle 2010; Normand et al. 2013; Sikes et al. 2013; Ernst et 

al. 2016; Hansen et al. 2016a), yet little focus has been given to the temporal variation in 

arthropod compositions across the active season in Arctic regions. While species in the Arctic 

are under strong seasonal impacts, the region offers a powerful model system for studying 

changes over time. Hence temporal studies of Arctic communities can prove useful for 

overcoming the challenges brought on by sampling large or multiple areas. Moreover, the Arctic 

region spans large climatic gradients, rendering results of temporal studies applicable at the 

global scale.  

 Invertebrates have long been recognized as good indicators of changing communities due 

to their small body sizes, relatively short generation time and ectothermic lifestyle. Terrestrial 

arthropods furthermore play an important role in the Arctic food webs as they represent more 

than one third of all terrestrial organisms, including plants and fungi (CAFF 2013). Since timing 

of snowmelt and increasing summer temperatures have been identified as important drivers of 

the active season length of Arctic arthropods (Høye & Forchhammer 2008), they are likely to be 

important factors in controlling seasonal dynamics of Arctic arthropod communities.   

 In this study, we evaluate the effect of sampling time and duration on arthropod diversity, 

turnover and composition. More specifically, we study the seasonal development across multiple 

sites, taxa and habitats. By including both family- and species level data, we verify whether the 

patterns are replicated at lower taxonomic resolutions. We investigate the difference in species 

composition and diversity between habitats and discuss this in relation to temporal variation in 

species composition and species richness. We propose an optimal timeframe where communities 

are stable and furthermore suggest a tradeoff between sampling more habitats and shorter 

timeframes for answering questions regarding compositional changes. An optimal sampling 

window (a) maximizes community diversity; (b) is characteristic of whole-season community 

composition; and (c) is robust to effects of inter-annual weather variability and long-term climate 



 
 

change. The goal of this study was to determine the “optimal” sampling window (date and 

duration of sampling) for arthropod communities across a wide array of terrestrial arctic 

locations and habitat types. We divided this goal into two objectives: 

Objective 1: We describe seasonal dynamics in community composition and compare 

indices of arthropod community composition, stability and species richness for 

sampling windows that vary in date and duration across multiple Arctic sites and 

habitat types;  

Objective 2: We evaluate the effects of inter-annual weather variability and long-term 

climate trends on community assembly and community indices for each sampling 

window within sites and habitat types. 

Methods 

Data 

We compiled datasets entailing three different regions within the Arctic (Svalbard, Greenland 

and Alaska). The Greenland datasets are comprised of two datasets collected as part of 

Greenland ecosystem Monitoring (GEM). One consists of 18 consecutive years (1996 – 2014) 

(samples from 2010 were lost in transit from Greenland) of weekly pitfall trap samples from 

Zackenberg valley, North-east Greenland (74º28’ N, 20º34’ W). The Nuuk dataset, consists of 

weekly pitfall trap samples (2008 – 2010) in Kobbefjord, South-west Greenland (64°07’N / 

51°21'W). Both datasets have been identified to family level and furthermore butterflies, spiders 

and muscid flies have been identified to the species level for Zackenberg. The Alaskan dataset, 

sampled at Toolik lake at (68°38' N, 149°35' W) holds two consecutive years (2010 and 2011) of 

weekly pitfall trap sampling, and has been identified to family level (Rich et al. 2013). From 

Svalbard (78°55' N, 11°55' W), pitfall sampling occurred from 2009 to 2011 and has been 

identified to the lowest possible taxonomic level (Table 1). For each dataset, we selected the 

weeks where all habitats had been equally sampled across all years and standardized to counts 

per trap per week. The week numbers were calculated from day of year. 

Analysis of site characteristics 



 
 

We examined the distribution of the four regions in relation to climatic gradients within the 

Arctic using Principal Component Analysis (PCA). Data for five climatic variables were 

extracted from the worldclim data set (Hijmans et al. 2005): annual mean temperature, mean 

temperature of the warmest quarter, precipitation of the warmest quarter, precipitation of the 

coldest quarter, and minimum temperature of the coldest month. PCA was conducted with 

climate data within the sub- to high Arctic and the most common climate (75-percentile) within 

Greenland, subarctic, low arctic, and high arctic was delineated. The four regions were plotted 

according to their climatic conditions with the multidimensional climate space.  

Arthropod community composition and seasonal assembly 

To visually identify the time frame of the season where arthropod species composition was most 

stable, we first modeled each dataset through latent variable modelling. Latent variable 

modelling is a Bayesian model-based approach that explains community composition through a 

set of underlying latent variables to account for residual correlation, for example due to biotic 

interaction. This method offers the possibility to adjust the distribution family to account for 

over-dispersion  in count data via negative binomial distribution. Thus, it also accounts for the 

increasing mean-variance relationship without confounding location with dispersion (Hui et al. 

2015). Three “types" of models may be fitted: 1) With covariates and no latent variables, boral 

fits independent response GLMs such that the columns of y are assumed to be independent; 2) 

With no covariates, boral fits a pure latent variable model (Rabe-Hesketh et al. 2004) to perform 

model-based unconstrained ordination (Hui et al. 2015); 3) With covariates and latent variables, 

boral fits correlated response GLMs, with latent variables.  

 We created latent variable models at site levels for each dataset with two latent variables. 

to visualize how the arthropod communities were distributed. This method is comparable to a 

two dimensional non metric multidimensional scaling (NMDS) plot. From the latent variable 

model, we extracted the posterior median values of the latent variables which we used as 

coordinates on ordination axes to represent family level composition at plot level (Hui et al. 

2015).  We drew convex ellipses around posterior median values belonging to each habitat for 

each dataset based on 95 percent confidence limits of the yearly averages. For this purpose, we 

used the function ‘ordiellipse’ in the r package ‘Vegan’ (Oksanen et al. 2016). We repeated this 

analysis at species level for the Zackenberg dataset. 



 
 

We then tested whether the seasonal development in arthropod composition differed 

significantly between habitats through a multivariate extension of General Linear Models 

(GLMs), using the function ‘manyglm’ in the package ‘mvabund’ (Wang et al. 2012). This 

recently developed method offers the possibility to model distributions based on count data by 

assuming a negative binomial distribution. We tested for main effects of week and habitats and 

for an interaction between the two terms. We then repeated the latent variable modeling at 

habitat level for all datasets with a significant interaction term, and calculated convex ellipsoids 

around posterior median values belonging to each week based on the standard error of the yearly 

averages. We extracted the centroid of each ellipsoid, which we plotted on top of the latent 

variable plot. At habitat level, we tested if the seasonal development differed significantly 

between years, by testing for an interaction between time of season (week) and year.  

Sampling window – based arthropod species richness and turnover 

Multivariate methods for measuring beta diversity have been shown robust compared to 

classical methods. This is due to the dependency upon gamma diversity in classical methods, 

such that when sampling effort increases, so does beta diversity along with gamma diversity 

(Bennett & Gilbert 2016). We used the centroids extracted from the latent variable models for 

each habitat from the Zackenberg family level dataset. While the distance to the group centroid is 

a common way of measuring spatial beta diversity (Anderson et al. 2006), it describes the yearly 

variations in beta diversity within the weeks and not the unidirectional, temporal drift in 

multivariate space from one week to the next. We used the distance between week to week 

centroids as a measure of temporal turnover, and used the average area of the two ellipsoids as 

error bars to represent the interannual variation. We calculated species richness for each week 

and each habitat across all years. To identify the timeframe and length of timeframe in which the 

highest number of species were represented, we calculated species richness for each combination 

of timing and duration; four week sampling at nine different points, three week sampling at ten 

different points, two week sampling at eleven different points of the season and one week 

sampling at 12 different points. We explored how what proportion of total season species 

richness was captures for each of the sampling strategies.  

Climatic variability and the effect on seasonal development  



 
 

We used the Zackenberg family level dataset to analyze the sensitivity of diversity to 

climatic variables. This dataset is the only one, where environmental variables were measured 

every year. Timing of snowmelt has been shown to occur significantly earlier, as well as average 

may-august temperatures to become significantly warmer (Bowden et al. 2015). Timing of 

snowmelt has furthermore proven a significant predictor of season length for arthropods (Høye et 

al. 2014). To identify if the different seasonal development between years was climate related, 

we ran a multivariate correlation analysis with the function ‘envfit’ in the ‘vegan’ package. We 

used the posterior median values of the latent variables as response variables and timing of 

snowmelt, average may-august temperature, year and week as predictor variables. We examined 

how the changing climate has affected seasonal development of arthropod assemblages by 

dividing the Zackenberg family level dataset into years of early and late snowmelt, as well as, 

warm and cold years. Early snowmelt years were categorized as years where the average day of 

year for snowmelt lay below the average day of year for all years. Similarly, warm years where 

categorized as years where the average summer (may august) temperature lay above the average 

across years. Following these divisions, we calculated species richness for each category. 

Results 

Analysis of site characteristics 

The investigated sites were distributed across the climatic space of the PCA. Two sites were 

distributed within the high Arctic climate (Ny Aalesund and Zackenberg) and two sites in the 

low Arctic (Nuuk and Toolik) (Fig. 1). The first two axis of the PCA explained 87% of the 

variation and was mainly correlated with precipitation of the warmest quarter (1. Axis) and 

temperature of the warmest quarter (2. axis). Toolik have warmer summers then the other sites 

and Nuuk, Ny Aalesund and Zackenberg is distributed along a gradient from wet to dryer 

conditions.  

Arthropod community composition and seasonal assembly 

Arthropod compositions differed significantly between all of the investigated habitats at 

each site and there was a significant effect of week (Table 2). The moisture gradient was a 

driving component across sites. At Zackenberg, there was a clear distinction between arthropod 

communities, in the wet habitats and arthropod communities in the dry and mesic habitats. For 



 
 

Nuuk habitats, the biggest distinction was found between the shrub covered habitat and the wet, 

with the dry habitat as an intermediate (Fig. 2). However, the interaction between seasonal 

development and habitat was not significant for Toolik and Ny Aalesund, even though arthropod 

compositions differed significantly between both habitats and week (Table 2). 

The weekly development through the season, displayed a characteristic u-shaped pattern 

for all the habitats at all the sites. The arthropod compositions were more similar towards the 

beginning and the end of the season. There was a change in multivariate space from week to 

week throughout the season, yet, the communities seemed to stabilize during mid-season with 

less distance between the weekly centroids (Fig. 3).  

Sampling window – based on arthropod species richness and turnover 

At Zackenberg, the weeks of significantly (non-overlapping error bands) highest richness 

where between week 29 until week 33 for the dry habitat. The mesic habitat varied from week to 

week and richness never reached a plateau. In the wet habitat, richness increased until week 29 

and stabilized before dropping in week 32. Turnover patterns were opposite to richness and 

stabilized at the lowest point between week 29 and 30, until increasing again between week 32 

and 33. Turnover in the mesic habitat did not reach a stable low point until between week 32 and 

33. In Nuuk, there was inter annual variability both in species richness and turnover, but species 

richness in the shrubs and the dry habitat peaked from week 29 to 32. The wet habitat had 

significantly higher species richness in week 32 and it was overall lower than in the shrub and 

dry habitat. Turnover did not differ significantly in any of the habitats between any of the weeks 

for Nuuk. Species richness at Toolik was significantly highest in week 25 to 30 and declined 

drastically in week 31. Turnover was lowest between weeks 26 to 28. In Svalbard, species 

richness was significantly highest in week 29 with a maximum of 13 taxa present, and turnover 

did not change significantly between any of the weeks (Fig. 4). 

Analysis of sampling strategy in Zackenberg mirrored the weeks of highest richness and 

turnover and revealed that sampling either week in a one-week sampling strategy between weeks 

28-32, yielded 69-72 percent of the taxa present when sampling a full season. Four weeks of 

sampling that time frame yielded 79-81 percent of the full season taxa detected. The optimal 

timespan for one week sampling strategy in Nuuk was starting week 28 and 29 which detected 



 
 

55-57 percent of the full season taxonomic richness, whereas four weeks of sampling with the 

same starting weeks presented 64-69 percent. In Toolik, the optimal starting week was between 

week 26 and 28 for one week sampling duration, which detected 59-61 percent of the taxa 

present throughout a full season and four week in with the same starting weeks yielded 75-77 

percent. In Ny-Aalesund, there was no significant difference between sampling duration  (Fig. 

5). 

The effect of climatic variability on seasonal development  

Temperatures had a significant effect on arthropod compositions in the dry and mesic 

habitat at Zackenberg and year was highly correlated with temperature. In the wet habitat, there 

was no significant effect of snowmelt, temperature and year (Fig. 6). The average day of year for 

snowmelt across all years was day 152. For six years (2004, 2005, 2009, 2010, 2011 and 2013) 

the average snowmelt date lay below this threshold, and these were categorized as early 

snowmelt years. Average may-august temperature was 2.23 °C and the years 1996 – 2002 and 

2014 had an average may-august temperature below this threshold. Taxonomic richness was 

higher and peaked earlier for the warm and early snowmelt years (Fig. 7). 

Discussion 

Across sites, habitats, and taxonomic levels, arthropod compositions displayed similar trends in 

seasonal development with less seasonal drift during the peak season weeks (i.e. weeks with low 

turnover). In present study one week of carefully planned sampling at Zackenberg research 

station, represented up to 72 percent of richness detected through a full season of sampling.  

Zackenberg monitoring program presents us with a unique chance of studying temporal 

trends as it has been operating for 20 years and has collected data on arthropods with weekly 

intervals throughout the active season. A long term monitoring program at ecosystem level is 

quite unique and can answer questions entailing interaction dynamics through trophic mismatch 

and cascades (Mortensen et al. 2014). Additional short term sampling schemes with high spatial 

resolution across multiple sites could help fill gaps in our knowledge of species distributions and 

add information to the model predictions of climate change effects on biodiversity. This could be 

partly accomplished through citizen science schemes as well as cross disciplinary cooperation 

among researches, where full seasonal commitments may not be an option, but simultaneous 



 
 

multiple year and site collections are. With a strong standardized sampling design available, 

people without scientific training can carry out fieldwork and will be capable of generating data, 

which will help biologists answer questions regarding species distributions. Utilizing local 

communities is a valuable way of accruing large amounts of data otherwise unattainable. It is 

important to note that we are not trying to limit the temporal extent, nor resolution of long term 

monitoring schemes. These recommendations are solely for studies of distributional patterns and 

inferences on life history traits, species interactions and other species specific responses, require 

longer timeframes to answer. We are still dependent on long term sampling strategies spanning 

full seasons with higher detailed resolution levels. However, these findings have merits in 

addition to the high resolution monitoring schemes. 

 Climate changes are altering habitats (Myers-Smith et al. 2011; Elmendorf et al. 2012) 

and expanding the active season for arthropods (Høye & Forchhammer 2008), affecting 

arthropod compositions across the Arctic (Bowden & Buddle 2010; Hansen et al. 2016b). Time 

and duration of peak richness may therefor change with a changing climate. Our results show 

that increasing temperatures does not cause shifts in timing of peak richness, but increases 

species richness and extends the time frame, where species richness is significantly highest. 

Sampling strategies have previously been studied in other ecosystems and for other groups of 

organisms with the intent of describing effect of lower sampling extent and intensity on diversity 

patterns. For instance temporal aggregation of species had a substantial effect on the species-time 

relationship of rodent populations in Arizona (White & Gilchrist 2007). A study of ciliated 

protozoa in the Yellow sea, north China, a sampling regime with one third the amount of original 

sampling, recovered > 75% information of the total seasonal variability and > 90 percent of 

protozoan ciliate species present (Xu et al. 2015). Compared to our findings of little effect of 

changing climates on timing of optimal sampling window, as well as, the similar u-shaped 

pattern across a large climatic gradient, super generalizations to other ecosystems and regions is 

possible.  

The study indicates that short term sampling procedures comes with some considerations. 

The peak in species richness varies between sites with earlier seasonal peaks at the lower 

latitudes. As a consequence, sampling one week requires careful consideration of the geographic 

location of the study. Interaction between seasonal development and habitat coupled with 



 
 

different temporal development in species richness underlines not only a need to sample multiple 

habitats, but also a detailed consideration towards habitat characteristics, such as soil moisture 

and vegetation structures. For instance, wet and mesic habitats display the lowest and latest 

peaks in species richness. These results mirror a previous study from the Godthåbsfjord area in 

Nuuk, where diversity and species richness where overall lowest in the fens (Hansen et al. 

2016b). The year to year variation in turnover for some sites (Nuuk and Ny Aalesund), which is 

less pronounced for species richness, indicates that abundances vary substantially between years. 

However, multiple inter annual short term samplings will help counterbalance the year-to-year 

variability. Shorter sampling windows are more sensitive to stochastic events, such as less 

optimal weather and it is therefore always desirable to sample the longest term possible. 

This study is to our knowledge the first to answer questions regarding sampling time and 

duration of Arctic arthropods, and may prove valuable in the planning of logistically challenging 

field work (Post & Høye 2013). In conclusion, should compromises be made between spatial and 

temporal sampling resolution and extent, we believe that an increase of spatial, at the cost of 

temporal intra annual extent and resolution, is preferable. In combination with the long term 

monitoring programs, these recommendations will go a long way in mapping species 

distributions, as well as, responses to climate change. 
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Table 1 1 

Overview of sites: The asterisk indicates that the dataset is used for supportive analyses and the 2 

results can be found in supplement material 3 

Dataset Position Years Selected 

sampling 

period 

(weeks) 

Sampling 

intensity 

Taxonomic 

resolution 

Habitats 

Zackenberg 

(Greenland) 

74º28’ N, 

20º34’ W 

1996 – 2014  24:35 Weekly 

 

Family level Dry,mesic 

and wet 

Nuuk 

(Greenland) 

64°07’N / 

51°21'W 

2008 – 2014  25:39 Weekly Family level Dry, wet 

and shrub 

Ny 

Aalesund 

(Svalbard) 

78°55' N, 

11°55' W 

2009 – 2011 27:33 Two-day 

interval 

Family, 

super family 

and order 

Mesic and 

dry 

Toolik lake 68°38' N, 

149°35' W 

2010 – 2011  21:30 Weekly Family level Open and 

shrub 

Zackenberg* 74º28’ N, 

20º34’ W 

1996 – 2014 24:35 Weekly Species level 

(butterflies, 

spiders and 

muscid flies) 

Dry, mesic 

and wet 

       

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 



 
 

Table 2 14 

Table of deviance. Table showing results of the multivariate GLM, testing the difference 15 

between habitat and weeks, as well as the interaction between them at family and species level. 16 

The Zackenberg family level interaction between year and week at habitat level is also shown. 17 

Dataset Variable Degrees of 
freedom 

Deviance P 

Zackenberg Week 
Habitat 

Week:Habitat 

1 
2 
2 

753 
2848.1 
554.7 

<0.001 
<0.001 
<0.001 

Nuuk Week 
Habitat 

Week:Habitat 

1 
2 
2 

493.2 
761.7 
186.1 

<0.001 
<0.001 
<0.001 

Ny Aalesund Week 
Habitat 

Week:Habitat 

1 
1 
1 

133.6 
130.8 
23.9 

<0.001 
<0.001 
0.190 

Toolik lake Week 
Habitat 

Week:Habitat 

1 
1 
1 

508.1 
244.8 
91.6 

0.010 
<0.001 
0.265 

Zackenberg 
species level 

Week 
Habitat 

Week:Habitat 

1 
2 
2 

511.2 
2194.7 

97.5 

<0.001 
<0.001 
<0.001 

Zackenberg wet Year 
Week 

Year:Week 

1 
1 
1 

198 
382.2 
65.9 

<0.001 
<0.001 
0.020 

Zackenberg mesic Year 
Week 

Year:Week 

1 
1 
1 

233.5 
640.9 
93.2 

<0.001 
<0.001 
0.010 

Zackenberg dry Year 
Week 

Year:Week 

1 
1 
1 

406 
321.3 
130.3 

<0.001 
<0.001 
0.010 

 

 18 

 19 

 20 

 21 

 22 

 23 



 
 

Figure 1 24 

Climate space. Plot of the principal component analyses with the following variables 25 

downloaded from http://www.worldclim.org/bioclim: annual mean temperature, minimum 26 

temperature of the coldest month, mean temperature of the warmest quarter, precipitation of the 27 

warmest quarter and precipitation of the coldest quarter. Climate data is plotted with grey colors 28 

and the sites in blue. Dashed lines delineate the 75-percentile of the climatic conditions within 29 

high-, low- and sub-Arctic, respectively. 30 

 31 

 32 

 33 

http://www.worldclim.org/bioclim


 
 

Figure 2 34 

Site level latent variable plots. Latent variable plots displaying how arthropod communities are 35 

distributed along two latent variables. Ellipsoids show the 95 percent confidence bands around 36 

habitats.  37 

 38 

 39 

 40 
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Figure 3 42 

Seasonal variation in arthropod community composition. Latent variable plots showing the latent 43 

variable models divided onto habitats. The division was only made if there was a significant 44 

interaction between habitat and week. The points below are centroids of the standard error of the 45 

weekly centroids.  46 

 47 
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Figure 4 51 

Richness and turnover plots. Family level richness and turnover plots showing species richness, 52 

as well as, distance between centroids for the weekly average of across years. Both indices are 53 

shown with standard errors of interannual variation. 54 

 55 
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Figure 5 66 

Proportion of total species richness. Line graph showing how much of the total species richness 67 

is detected with four different sampling durations (one week, two week, three week and four 68 

week). The week number on the x-axis shows starting week and the y-axis shows the proportion 69 

of the total species richness detected within a year. Error bars are standard error of the 70 

interannual variation.  71 
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Figure 6 79 

Correlation with environmental variables. Biplots showing only significant (p<0.05) variables 80 

from the environmental fitting analysis 81 
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Figure 7  95 

A) Climatic variability and effect on species richness. Seasonal development of species richness 96 

divided into years with late (blue colors) versus early (red colors) snowmelt and cold (blue 97 

colors) versus warm (red colors) years. Error bars represents standard error of the weekly 98 

average across years. 99 
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Supplements 103 

Fig S1: Species level latent variable models for Zackenberg data. The top figure shows all 104 

habitats and the three figures below shows the seasonal weekly development divided onto 105 

habitats 106 
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