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Abstract

The succession pattern of surface-active arthropods on newly exposed substrates in pre-
glaciated areas was studied for two years in front of the receding Midtdalsbreen glacier snout,
which is a part of the Hardangerjekulen ice cap, Finse, Norway. Midtdalsbreen has receded
since 1750, leaving a glacier foreland of 1,1 km at altitudes between 1300 and 1400 meters
above sealevel. Surface-active arthropods were sampled in a chronosequence (space for time
substitution) with pitfall traps at six sites of different age spanning from 3 to 205 years.
Twenty pitfall traps were operated at each site. We chose to describe the community structure
by ordination. We employed a Detrended Correspondence Analysis (DCA) to find out what
the most important environmental gradients are. Unexpectedly and contradictory to the
common view on primary succession we found that both spiders and beetles are found very
close to, and quickly colonize, the barren ground in front of the glacier snout. The length of
the DCA axis tells us that one will not find the same species composition in the beginning of
the axis as in the end (i.e. there is a high beta diversity). And this is also true for the
chronosequence, since the DCA is a representation of the chronosequence. Vegetation cover
and distance are the strongest variables governing the fauna distribution. When we look at
how and when the different guilds enter the succession/chronosequence, we see that the

numbers of herbivores does not increase, as fast as the predatory beetles and spiders.






Samandrag

Vi studerte korleis suksesjonsmenstra til overflateaktive virvellause dyr forandra seg pa nyleg
framsmelta mark. Denne studia gjekk over to ar framfor Mididalsbreen, som er ein brearm av
Hardangerjekulen ved Finse, Noreg. Midtdalsbreen har drege seg tilbake sidan 1750 og
blottlagt eit omrade som er 1,1 km langt, som har ei hagde over havet pa mellom 1300 og
1400 meter. Vi samla dei overflateaktive virvellause dyra i ein kronosekvens (erstatning av
tid med rom) med fallfeller, som vart plassert pa seks forskjellige steder og spenner over eit
aldersintervall fra 3 til 205 &r. P4 kvar av desse stadene nytta vi 20 fallfeller. Vi nytta
ordinasjon for 4 beskrive samfunnstrukturen. Metoden vi nytta for 4 finne dei viktigaste
miljefaktorane er kalla Detrended Correspondence Analysis (DCA). Uventa, og i motsetning
til vanleg oppfatting av prim#rsuksesjon, fann vi bade edderkoppar og biller heilt inntil
breen, kor dei raskt koloniserte den ufruktbare marka. L engda p4d DCA aksen fortel oss at vi
ikkje vil finne den same artssamansetningai starten av aksen som i slutten, altsa ser vi ein
hag betadiversitet. Dette gjeld ogsé for kronosekvensen, sidan DCA aksen er ein
representasjon av kronosekvensen. Avstanden og prosenten vegetasjonsdekke er dei
viktigaste fakiorane som péverkar kva artar ein finn. Nar vi ser pa korleis og nir dei
forskjellige lauga trer inn i kronosekvensen, kan ein sja at mengda herbivore biller ikkje
aukar like raskt som mengda predatorbiller og edderkoppar aukar.
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1.Introduction

The gradual retreat of alpine glaciers since the little ice age 1750, and the accelerating retreat
in the past decade (IPCC 2007) offer a unique opportunity to study primary succession under
alpine conditions (Kaufmann & Raffl 2002). This gradual retreat has been well documented
in some areas and can thus be regarded as natural chronosequence experiments and model
systems for investigating fundamental ecological processes. The primary floral succession
has been well documented and described, see Matthews (1992), Vetaas (1997), Raffl et al.
(2006). Primary faunal succession is less studied , and little is known about the invertebrate
glacier foreland succession, a few systematic studies has been undertaken in the European
Alps (Kaufinann 2001; Kaufmann 2002; Kaufmann et al. 2002; Kaufinann & Raffl 2002;
Gobbi et al. 2006) and to some extent in the high arctic, Svalbard archipelago (Hodkinson et
al. 1998; Hodkinson et al. 2001; Hodkinson et al. 2002; Coulson et al. 2003; Hodkinson &
Coulson 2004; Hodkinson et al. 2004 ) and one in Norway (Vater 2006).

While the costal glaciers in Norway are more or less balancing between melting and growing,
the continental glaciers have been melting more or less continuously since the 1960s (Nesje
2004 ). There is now a great opportunity to study the primary succession also in Norwegian
glacier forelands. A suitable place for such studies is the Hardangerjekulen glacier in the
central south Norway. At Finse, pioneer ground from about 1750 and older habitats have
been studied earlier with respect to surface-active invertebrates (Hauge et al. 1978; Hagvar et
al. 1978). However, surface-active invertebrates in habitats younger than about 250 years
have not been studied earlier at Finse. For practical reasons, we have chosen to focus on
beetles (Coleoptera) and spiders (Araneae). A suitable sampling method to catch the
mentioned groups is pitfall traps, due to their roaming nature (Greenslade 1964; Leather
2005).

The common view on primary succession in introductory general ecological textbooks
(Schowalter 2000; Krebs 2001; Molles 2005) is the early establishment of autotrophs, such as
lichens, mosses and higher plants, accumulating nutrients before the heterotrophic
community is able to establish itself. Thus it is the autotrophs that initiate the nutrient cycles
and the succession (Bardgett et al. 2007).



Introduction

Paradoxically it has been observed that the numbers of predators exceed the numbers of
herbivores on glacier foreland (Hodkinson et al. 2001; Hodkinson et al. 2002; Kaufmann &
Raffl 2002; Hodkinson et al. 2004; Vater 2006). It was proposed as a general tule by
Hodkinson et al. (2002) that: “community assembly by autotrophs is preceded by alargely
unrecognized heterotrophic phase that may be instrumental in facilitating the establishment of
green plants and consolidating the process of community development”. It is to our
knowledge many unanswered questions regarding arthropod succession on newly exposed

substrates.

In this study we want to see if we find a colonization patterns similar to that recorded in
glacier forelands in the Alps and in other Norwegian glacier forelands (Vater 2006). We also
want to describe the phenology of the species, and also check whether soil moisture and
vegetation cover are important factors explaining the succession. Primarily we test the

following hypotheses;

1)} The succession pattern of surface-active arthropods on newly exposed substrates in
pre-glaciated areas will be related to age and distance from glacier.

2) The degree of vegetation cover will modify the age and distance factors

3) Autochthonous flying species will not be overrepresented in the earliest successional
stages and that allochthonous species will be overrepresented in closer vicinity to the
glacier as random fallout is more prevalent.

4) The surface-active arthropod community on newly exposed, vegetation free substrate
will depend on allochthonous food sources.

5) Changes of species composition through the season due to phenological differences



2 Material and methods

2.1 Study area and sampling sites

This chronosequence study was conducted in front of the receding Midtdalsbreen glacier
snout, which is a part of the Hardangerjokulen ice cap. Geographic position is 60° 35'N, 7°
28'E; UTM- coordinates are 32V MN 67162 4161 (glacier front). Midtdalsbreen has receded
since 1750, leaving a glacier foreland of 1,1 km at altitudes between 1300 and 1400 meter

above sea level. The study area is located 4km from Finse alpine research center.

Surface-active arthropods were sampled with pitfall traps at six sites of different age, based
on information from Serlie (2001). Twenty pitfall traps were operated at each site. The sites
are numbered 1, 2, 3, 4, 5, and 6 (figure 1) and are dated 3, 38- 40, 62-63, 78-79, 159-160 and
204-205 years respectively.
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Figure 1. Map of study area showing the position of the six sampling sites, marked with
red dots and numbers, number one being closest to the receding Midtdalsbreen glacier
snout, the chronosequence stretches towards Finsevatn.
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According to Ottesen (1996), soil moisture is the most important ecological factor for habitat
choice in alpine, ground-living beetles. Therefore, at a given collection site the twenty pitfall
traps were placed in a gradient from dry to moist habitats, in order to cover the highest
possible number of species and in this way we also covered the main variation of plant
communities at the site. The distance between traps was usually 1-1.5 m. occasionally, traps
were placed in two parallel lines, each line with ten traps covering the gradient. The

percentage of vegetation cover and the dominant plants were noted in 1 m* around each trap.

2.2 Sampling method

In 2007 arthropods were collected during the snow-free season from the 18 June to 15
September. Seventy four traps were put out the 18 June, while the remaining 26 were
operational 14 days later due to snow conditions. All traps were left to spend the winter until
the next snow free collection period of 2008, from 28 June to 23 August. Twenty more traps
were operated in the 2008 season on a newly exposed moraine. The 2008 season was
terminated before snowfall to avoid losing samples and traps beneath the snow. Traps were
emptied every 14 days. If the condition of a trap was unfavorable, for example flooded or
otherwise damaged, this sample was excluded from the statistical analysis. All data were
adjusted to catches per 20 functioning traps in each 14 day period.

The traps were plastic cups, consisting of an inner and outer cup. The inner cup, of 6.5 cm
was modified with a fine wire mesh bottom, as described by Ottesen (1996). This allowed us
to replace the inner cup with a new one at each collection time, without changing the

preservation fluid.

The traps were protected from precipitation by a 15 x 15cm plywood roof approximately 3cm
above ground, each roof numbered to identify the traps. Each trap contained 1dl 50%
ethylene glycol with 2 drops of liquid detergent per liter. All the samples were washed in
water before being preserved in glass vials with 70% ethanol. Caution was taken not to spill

preservation fluid to the surroundings.

The spiders were identified by Kjetil Akra (Midt-Troms Museum), and beetles by our
supervisor Sigmund Hagvar and Oddvar Hanssen (NINA). Opiliones are represented by only

one species at Finse, Mitopus Morio.
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Pitfall traps are efficient in catching surface-active arthropods like spiders (Araneae),
springtails (Collembola) and beetles (Coleoptera). Pitfall traps are surface activity monitors,
meaning that catches of a given species depend both on abundance and the degree of activity.
Activity is again governed by vegetation density as well as climatic conditions like

temperature and moisture (Spence & Niemela 1994).

2.3 Vegetation cover

Site 1 (traps no. 101 -120): Age 3 years. Mean vegetation cover ~0%. Moraine formed in
2005 according to Atle Nesje, (pers. comm., Univ. of Bergen). The traps were placed in a
long line, covering the topographic variation on the fresh, undulating moraine. The nearest m’
around 18 of the traps was completely free of vegetation, while one individual of Poa alpina
and a very small moss patch were present near the two other traps, respectively. A third plant

species present on the moraine was Cerastium cerastoides.

Site 2 (Traps no.1- 20): Age 38-40. Mean vegetation cover 6%. In this nearly flat area, traps
were placed in two parallel rows 15m apart, with 10 traps in each row. Only 2-10% of the
ground was covered with vegetation. Vegetated patches usually consisted of a mixture of
mosses, Deschampsia alpina, Salix herbacea and Saxifraga oppositifolia. A few small

specimens of Salix glauca and S. lanata occurred in the area.

Site 3 (Trap no 21-40): Age 62-63. Mean vegetation cover 91%. The traps were situated in
two parallel rows about three meters apart, each row with 10 traps covering a gradient from a
dry sandy ridge to a moist depression with snow bed vegetation. The ridge had 5-30% open
sand and gravel, with vegetation dominated by Rhacomitrium mosses and Stereocardon
lichens. The lowest part was a continuous, wet mat of Anthelia mosses. In the medium part,
the field layer covered up to 30-70%, being dominated by Salix herbacea, small bushes of
Salix glavca and S. lanata, as well as Empetrum hermaphroditum, Carex lachenalii, Luzula

[frigida and Festuca vivipara.

Site 4 (traps no. 41-60): Age 78-79. Mean vegetation cover 80%. In this site, the local
variation was covered by three trap lines, about four meters between each. Ten traps were
situated in a moist snow bed with continuous vegetation. Various mosses including 4nthelia

sp. covered 60-80% of the ground, the rest being mainly Salix herbacea, with some
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graminoids and other herbs. Small bushes of Salix lanata occurred. The remaining ten traps
were set in two lines on a rather dry slope with 5-92% open sand and gravel around the traps.
Here, Stereocaulon lichens and Rhacomitrinm mosses dominated the vegetation, while there
were also some Festuca vivipara, Empetrum hermaphroditum, Salix herbacea, and various

graminoids.

Site 5 (traps no. 61-80). Age 153-160. Mean vegetation cover 80%. Two rows of traps were
situated about three meters apart in a slope covering a gradient from dry, partly open ground
to continuous vegetation in the lower part. In the upper half of the gradient, 5-60% of'the
ground was open sand and gravel, with Cetraria nivalis, Stereocaulon and Cladonia lichens
combined with Empetrum hermaphroditum as dominant vegetation. In the lowest part, Salix
herbacea, Empetrum hermaphroditum and Vaccinium uliginosum dominated, together with
various green mosses. Small Salix bushes, mainly Salix glauca, occurred throughout the
gradient, especially in the lower half.

Site 6 (traps no. 81-100). Age 198-205. Mean vegetation cover 96%. Also here, two rows of
traps, 2-3 meters apart, covered a gradient in a slope, with moistest conditions in the bottom.
Only about 4% of the ground lacked vegetation, except for some stones. In the uppermost
part, a species rich meadow was dominated by graminoids, various weeds and Empetrum
hermaphroditum in the field layer, combined with Cladonia and Stereocaulon lichens and
various mosses. Most of the gradient, however, was dominated by Safix herbacea in
combination with several weeds, including graminoids. The two lichen genera remained, but

in low cover, around 5-15%.
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2.4 Soil moisture

The relative soil moisture was found by collecting soil samples of about 30cm’ in the upper
3cm layer, about 20 cm from each trap. After weighing, the samples were left to dry at room
temperature, and finally dried for 3 hours at 105°, and immediately thereafter weighed again.
All stones larger than 2 mm were then removed and weighed to get the exact dry weight of

the stone fiee soil.

The relative soil moisture of each sample was then calculated by subtracting stone-free dry
weight from stone-free wet weight, dividing by stone-free wet weight and then multiplying
this by 100. To minimize errors the sampling at each site was done in the same day, and after
arelatively dry period. If this had been done in a moist period the difference would have been

less because the soil would be saturated.

2.3 Data Analysis

Assuming that there are a few underlying environmental factors that determine the
distribution of the species along our gradient, we chose to describe the community structure
by ordination. We employed a Detrended Correspondence Analysis (DCA) using the program
R (R Development Core Team 2008) and the R package Vegan (Oksanen et al. 2008), with
default settings. With this DCA analysis we are asking each species, what the most important
environmental gradients are. The DCA orders the species along faunistic gradients (DCA-
axes) that represent the largest possible difference in species composition. DCA is a more
robust method than Principal Components Analysis (PCA)in community ordination, when
dealing with long ecological gradients.

Ideally all of our traps would have the same operation time, and we would only have one
dataset. Since this was not the case, we had to divide the data into datasets with comparable
material. We wanted one dataset to include data from both years, and could then only
included trap mumbers 1-100, which were operated through both seasons. This analysis would
show us differences in phenology through the seasons. In the 2008 season we included a

younger site to improve our observation of the pioneer community. Due to difference in time
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of snowmelt, we only included data from the period when all 120 traps were operated, being
from 26 July to 23 August 2008. This analysis did not include phenology. To get both
phenology and a description of the pioneer community we made a dataset that included all
the data. This would show us if the patterns were different. We know that this could affect the
results since the operating times vary.

The beetle data, spider data and beetles and spiders data combined was given this treatment,
thus giving us nine different DCA analyses. DCA-1 represents the combined data of spiders
and beetles through the whole period, DCA-2 represents the combined data of spiders and
beetles but excludes pitfall traps 101-120, DCA-3 represents the combined data of spiders
and beetles in the period from 26 July until 23 August 2008 when all traps were operational,
DCA-4 represents beetles through the whole period, DCA-5 represents all beetle data but
excludes pitfall traps 101-120, DCA-6 represents all beetle data from 26 July until 23 August
2008 when all traps were operational, DCA-7 represents spiders through the whole period,
DCA-8 represents all spider data but excludes pitfall traps 101-120, DCA-9 represents all
spider data from 26 July until 23 August 2008 when all traps were operational. The datasets
were further split in two, one containing the species and the other containing the
environmental variables. Rare species appearing less than four times, were excluded from the
data set because their excessive effect. A histogram of the species data showed that it was
Poisson distributed, as is expected when the data represents counts. We then square rooted
the species data conforming it to a normal distribution curve. We initiated the analysis by
running a DCA analysis to check if the length of the first DCA-axis was long enough to
expect unimodal responses of the species (Jongman et al. 1995). Scree plots from our DCA
analysis show that we have two interpretable axes.

The DCA analysis gave us a faunistic beta diversity (changes of species diversity along a
gradient) of the sampled terrain at almost four standard deviation units (S.D.-units). Four
S.D.-units covers a complete Gaussian response curve (Jongman et al. 1995). We therefore
expect that species at opposite ends have different ecological requirements, or alternatively,

that sites at opposite ends have no species in common.

We therefore proceeded further with unimodal methods using DC A analysis to avoid the
arch-effect and distortion of relative distance between samples (Hill & Gauch 1980).
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Our DCA plots were plotted using Bray-Curtis distance, where “Two sites are chosen as
endpoints for each axis, and all the other sites are ordinated relative to these endpoints, based

upon their similarity to these endpoints”(Palmer 2009).

Our original environmental factors were, Distance from glacier front ( Distance), mean
percentage of vegetation cover (Fegetation cover), Collection year (Year), day of collection
(Day Number) and age of soil (Age Year). We limited our number of environmental variables
to four and ran a forward selection based on Aikaike Information Criterion (AIC), See tables

under results.

Three different tables are presented in the results, one displaying S.D-units and eigenvalues,
one present the correlation between the environmental variables and one presents the
correlation between the environmental variables and the different axes. The correlation

explains the degree of relationship between variables or the variables and the axes.

In the results chapter each DCA analysis will be presented in three different DCA plots. The
species names are shortened to six letters, See appendix 8 and 9 for full names of taxa and

author.

The first plot in each section shows only the species. Overlapping species names has been
slightly adjusted to get a clear plot, but each data point is exactly the same as in the following
plot which also displays the species but together with the environmental vectors.

In order to test differences in response to soil moisture between beetle species, we decided
that a Spearman rank correlation would be the most suitable test since we had a none-
parametric response variable. The actual test was conducted on free statistical software
(Wessa 2009). Only traps that collected perfectly were used, and only from site 3 and 4 due
to most stable collecting conditions there and the best span, with regards to moisture

differences.

To enable assessment of the beetle and spider phenology, bar charts were produced to get a
visual representation of seasonal distribution. All species occurring with less than 10

individuals was excluded.



3 Results

3.1 Beetles and soil moisture

Because Ottesen (1996) found that soil humidity was more important than vegetation
associations in determining beetles distribution we placed our traps in moisture gradients.
Ottesen (1996) took five samples within his 47 plots twice to determine his moisture
gradients. We did not have the capacity to take this many samples but took one sample
juxtaposed each trap. In table 1 we see that the beetle species do not have the same
preferences with respect to soil moisture. Amara guenseli, Byrrhus fascictus and Cymidis
vaporariorum prefer dry habitat around the traps or at least avoiding the traps with high soil
moisture. The two first mentioned species have a strong response, while the last one has a
somewhat weaker response. Geogromicus longipes, Patrobus sepentrionis and Lioghaa
alpestris are avoiding traps in dry spots or are drawn to high moisture. The two first

mentioned have a strong response while the last one has a weaker response

Table 1. Beetle response to soil moisture, described by Spearman rank correlation. This
table shows how soil moisture affects different beetle species at the Midtdalsbreen
glacier, Norway 2007-2008. Only beetles from traps with absolutely no errors were
selected for this test, non significant results were excluded.

2wided 1-sided
B B t t-value t-value P SE N
(uncorrected) (corrected) (5%) (5%)
Amara
quenseli -0,72 -0,72 -3,83 2,16 L77 0,007 3864 15
Byrrhus
Jasciatus -0,73 -0,76 -5,82 2,06 L71 <0,001 114,72 26
Cymindis
Vaporariorim -0,38 -040 -2,19 2,06 L70 0,050 12364 27
Geodromicus
longipes 0,61 0,60 287 2,14 L76 0,017 4389 16
Lioghuta
alpestris 041 0,39 238 2,04 Le% 0,019 184,14 33
Patrobus
seplentrionts 0,73 0,73 595 2,04 L69 <0,001 17322 32

10
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3.2 Phenology

As mentioned the pitfall traps register activity level rater then abundance, but in this chapter

the amount of a species caught will be referred to as abundance.
Phenology of the beetles:

Acidota crenata: Does not show any particular pattern, just activity in the cold periods. Note
the low abundance (figure 2).

Amara alpina: Peaks in July of both years (figure 2).

Amara quenseli: Peaks in the start of the season in both years and decreasing as summer turns

into fall (figure 2).

Anthophagus alpines. Shows a top in the start of the summer and decreases rapidly and
evenly towards fall (figure 2).

Arpedium quadrum: 1s only present in very small numbers, but shows increasing numbers in

the end of the 2008 season (figure 2).

Athenta hypnorum: Could be active during the winter or early spring, but also active in July
2008. Note the low abundance (figure 2).

Bembidion hastii: Is showing an increasing presence towards the fall of 2008 (figure 3).

Boreaphilus henningamus: Had a top in the first 2008 collection which also includes winter
collections, but also a higher abundance in early July. Note the low abundance (figure 3).

Byrrhus fasciatus: Had a top in the beginning of 2007, which rapidly decrees and a top could
not be said to be recorded after this (figure 3).

Cephalocousya nivicola: Had a top in the early season of both years, with the largest top in

2008 which also was a bit earlier (figure 3).

Chrysomela collaris: Was frequently caught in the first trapping interval, but was almost not
present at all after this (figure 3).

Curimopsis cyclolepidia: Apparently has atop in July both years (figure 3).

11
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Cymindis vaporariorum: Is most abundant in the start of the seasons, and evenly decreases in

numbers, towards the fall. Note the low abundance (figure 4).
Eucnecosum brachypterum: Has atop in July. Note the low abundance (figure 4).
Geodromicus longipes: Has atop in July in both vears (figure 4).

Liogluta alpestris: Increases as the 2007 season moves on, and ifthe first 2008 date is not
considered (because of cumulative fall and winter catchments), we can see the same pattern

only slightly earlier (figure 4).

Mycetoporus erichsonanus: Occurs in small numbers and few dates, no real pattern (figure

4.

Nebra nivalis: Shows a top in the early 2007 season and declines smoothly after this. In 2008

however there is hard to see a pattern, but have in mind the low abundance (figure 4).

Nebria rufescens: Appears to have a top early in the season. Note the low abundance (figure

5).

Notiophilus aquaticus. Appears to have atop early in the season. Note the low abundance

(figure 5).

Omalium caesuin: Occurs in small numbers but seems to have a top towards the fall (figure

5).
Otiorrhynchus nodosus: Seems to have a top in July, but occurs in small numbers (figure 5).
Patrobus septentrionis: Probably peaks in early July both years (figure 5).

Pelophila borealis: Only has a top in early July 2007 and are rarely caught after this. Note the
low abundance (figure 5).

Simploc aria metallica: Occurs in small numbers, but seems to have atop in the start of the

2007 season (figure 6).

Tachinus elongates: Has atop in July 2008, but occurs in very few numbers (figure 6).
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Figure 2. Phenological patterns of beetles shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 3. Phenological patterns of beetles shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 4. Phenological patterns of beetles shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 3. Phenological patterns of beetles shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 6. Phenological patterns of beetles shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.

Phenology of the spiders:
Agyneta nigripes: Has a top in mid June of 2008. Note the low abundance (figure 7).

Arctosa alpigena: Has atop in the start of the season, but decreases quite rapidly towards the
fall. Note the low abundance (figure 7).

Bathyphantes gracilis: Has a top in early July in both seasons. Note the low abundance
(figure 7).

Collinsia Holmgreni: Has a top in July in both seasons, but twice as many in 2007. Note the

low abundance (figure 7).

Erigone arctica: Has a top during the winter period or in early spring (before 14 June). Seems
to like it cold and could be winter active. Note the low abundance (figure 7).

Erigone triolensis: Has a top early in the season. Note the low abundance (figure 7).

Hilaria frigid: Has atop early in the season. Note the low abundance (figure 8).
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G'naphosa leporia: Has atop in July, Note the low abundance (figure 8).

Gonativum rubens: Has a top in July in both years, but also a top in the first half of august in
2007. Note the low abundance (figure 8).

Mecynargus morulus: Has a small top in early July. Note the low abundance (figure 8).

Oedothorax retusus: Has atop in early July in 2007, but a much lower appearance in 2008.

Note the low abundance (figure 8).
Oreonetides vaginatus: Has atop in early July. Note the low abundance (figure 8).

Ozyptila arctica Has a top during the winter or early June. Note the low abundance (figure
9).

Pardosa paludicola: Has atop in early July (figure 9).

Pardosa septentrionalis: Has a top during the winter or early June. Note the low abundance
(figure 9).

Pardosa trailli: Has a top in early July in 2007, but are more or less increasing towards fall in

2008. Note the low abundance (figure 9).

Pelecopsis mengei. Is very evenly distributed, but has a winter or early June top in 2008.
Note the low abundance (figure 9).

Scotinotylus evansi: Has a top in winter or early June of 2008 (figure 9).

Tiso aestivus: Has a small top in early June in both 2007 and 2008, but the biggest top during
the winter or early June of 2008 (figure 10).
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Figure 7. Phenological patterns of spiders shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 8. Phenological patterns of spiders shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 9. Phenological patterns of spiders shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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Figure 10. Phenological patterns of spiders shown through the entire collection period.
Note that all the dates in 2008 have an extra set of traps placed on the youngest
moraine. This figure only shows patterns. One should not compare abundance between
the years, only notice how the dates are displaying a pattern or not. Abundance in this
figure is adjusted to catches per 20 traps. The first datein 2008 is overestimated because
this includes all the individuals caught after the traps were snowbound. Likewise, the 15
September 2007 could be underestimated due to snow covering some of the traps. These
dates should not be taken into account.
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3.3.1 Beetles and spiders combined

3.3.1.1. DCA-1: Total material

Table 2 shows the axes lengths in S.D.-units for the combined data plots of spiders and
beetles. The axes lengths indicate a complete species turnover. The eigenvalues expresses the

variation in the data of each axis.

Table 2. SD-units and eigenvalues for DCA axes one and two for DCA-1-3

DCA-1 DCA-2 DCA-3
Axis DCA1 DCA2 DCAl DCA2 DCAl DCAZ
Eigenvalues 0.47 0.21 0.43 0.20 0.63 0.27
Axislengths 3.74 2.54 4.00 2.60 3.88 2.14

According to our scree plot we have two interpretable axes. Forward selection based on AIC
for the DCA-1 data gave us the following model vegetation cover, age year, day number and
distance. The best model explains 40% of the variance. Correlation among the environmental

variables for DCA-1 is shown in table 3.

Table 3. Correlation among the environmental variables for DCA-1

Year Day Number Age Year Distance Vegetation cover

Year -0.35 -0.15 0.15 0.14
Day Number 0.09 0.06 0.03
Age Year 0.90 0.68
Distance 0.85

Vegetation cover

The distance, age year and vegetation cover vectors are correlated at -0.99, -0.97 and -0.97
along DCA axis one respectively. The year vector is correlated along DCA axis two at 0.92.
All vectors are significant (<0.05) except for year and day number (0.55 and 0.56).
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The correlation between the environmental variables and the different axes for the combined
data plots of spiders and beetles for all six figures DCA-1- DCA-3 (figure 11,12,13,14,15 and

16) are shown in table 4.

Table 4. Correlation between the environmental variables and different axes for DCA-
1-3.

DCA-1 DCA-2 DCA-3
Axis Axis 1 Axis2 Axis ] Axis2 Axis1 Axis2
Age Year -0.82 0.18 077 019 087 -0.05
Distance -092 017 -0.90 016 -055 -0.01
Vegetation cover -0.94 006 092 001 -054 -0.05
Day Number -0.09  -0.03 -0.10 002 -002 -0.13
Year 0.15 0.07 0.00 0.12 0 0

In the DCA-1 plots, figure 11 and 12, nine species, five spiders and four beetles are ordinate
along DCA axes one with values higher than one Bembidion hastii, Simplocaria metallica,
Collinsia holmgreni, Evigone tirolensis, Nebria nivalis, Pardosa trailli, Hilaira frigida,
Erigone arctica and Amara alpina in descending order respectively (see appendix 2). We
regard these as pioneer species, since they are negatively related with all significant vectors.
All are believed to be predators except for one, Simplocaria metallica (see appendix 8). The
rest of the species are spared out along DCA axis two.
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Figure 11. DCA plot of the first two axes of DCA-1, showing the ecological distence
between the different beetle and spiders. DCA axis one is best explained by distance
from glacier snout, age of the soil and vegetation cover, respectively. Values increase

from right to left.
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Figure 12. DCA biplot of the first two axes of DCA-1, showing the ecological distance
between beetles and spiders, and also environmental gradient vectors. DCA axis one is
well explained by distance from glacier, age of soil and vegetation cover, respectively.
Values increase from right to left.
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3.3.1.2 DCA-2: Total material excluding pitfall traps 101-120

For the DCA-2 ordination forward selection based on AIC gave us the following model
vegetation cover, age year, day number, and distance. The best model explains 41%o of the

variance. Correlation among the environmental variables for DCA-2 is shown in table 5.

Table 5. Correlation among the environmental variables for DCA-2

Year Day Number Age Year Distance Vegetation cover

Year -0.36 -0.04 0.03 0.01
Day Number 0.08 0.05 0.01
Age Year 0.88 0.59
Distance 0.81

Vegetation cover

The distance, age year, vegetation cover and day number vectors are correlated at -0.99, -
0.99, -0.97 and -0.93 along DCA axis one respectively. The year vector is correlated along
DCA axis two at 0.99. All vectors are significant (<10.05) except for year and day number
(0.65 and 0.42).

In the DCA-2 plots, figure 13 and 14, five spiders and four beetles are ordinate along DCA
axis one with values higher than one Bembidion hastii, Simplocaria metallica, Collinsia
holmgreni, Erigone tirolensis, Nebria nivalis, Pardosa trailli, Hilaiva frigida, Evigone
arctica and Amara alpina in descending order respectively (see appendix 2). We regard these
as pioneer species, since they are negatively related with all significant vectors. All are
believed to be predators except for one, Simplocaria metallica (see appendix 8). The rest of
the species are spared out along DCA axes two. Figure 13 and 14 are almost identical to
figure 11 and 12 except for small adjustments, the species are moved further up the positive
end of DCA axes two (see appendix 2).
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Figure 13. DCA plot of the first two axes of DCA-2, showing the ecological distance
between different species of beetles and spiders. DCA axis one is best explained by
distance from glacier snout, age of soil and vegetation cover, respectively. Values
increase from right to left.
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Figure 14. DCA biplot of the first two axes of DCA-2, showing the ecological distance
between different species of beetles and spiders also including environmental gradient
vectors. DCA axis oneis best explained by distance from glacier snout, age of soil and
vegetation cover, respectively. Values increase from right to left.
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3.3.1.3 DCA-3: Summer catches (simultaneous sampling in the complete gradient)

For the DCA-3 ordination forward selection based on AIC gave us the following model
vegetation cover, age year and day number. The best model explains 51% of the variance.

Correlation among the environmental variables for DCA-3 is shown in table 6.

Table 6. Correlation among the environmental variables for DCA-3

Day Number Age Year Distance Vegetation cover

Day Number | 0.00 0.00 0.00
Age Year 0 1.00 092 0.74
Distance 0 092 1.00 087
Vegetation cover 0 0.74 0.87 1.00

The vegetation cover, distance and age year vectors are correlated at -0.96, -0.93 and -0.84
along DCA axis one respectively. The day number vector is correlated along DCA axis two at
0.99. All vectors are significant (<0.05) except for day number (0.78).

In the DCA-3 plots figure 15 and 16, nine species are ordinate along DCA axis one with
values higher than one Bembidion hastii, Simploc aria metallica, Nebria nivalis, Erigone
arctica, Collinsia holmgreni, Hilaiva frigida, Evigone tivolensis, Pardosa trailli and

Geodromicus longipes in descending order respectively (see appendix 2).
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Figure 15. DCA plot of the first two axes of DCA-3, showing the ecological distance
between different species of beetles and spiders. DCA axis one is best explained by
vegetation cover, distance from glacier snout and age of the soil, respectively. Values
increase from right to left.
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Figure 16. DCA biplot of the first two axes of DCA-3, showing the ecological distance
between species of beetles and spiders. DCA axis one is best explained by vegetation
cover, distance from glacier snout and age of soil, respectively. Values increase from
right to left.
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3.3.2 Beetles

3.3.2.1 DCA-4: Total beetle material

The axis lengths in S.D.-units for the beetle plots DCA-4 —DCA-6 (figure 17, 18, 19, 20, 21

and 22) are shown in table 7 and indicate a complete species turnover.

Table 7. 8.D.-units and eigenvalues for DCA axes one and two for the beetle plots DCA-
4-6

DCA-4 DCA-5 DCA-6
Axis DCAl1 DCA2 DCAl DCA2 DCA1l DCAZ2
Eigenvalues 0.42 0.20 0.35 0.21 0.60 0.18
Axes lengths 3.97 2.29 4.05 2.07 3.73 1.99

Forward selection based on AIC for the DCA-4 data gave us the following model vegetation
cover, age year and day number. The best model explains 37% of the variance. Correlation

among the environmental variables for DCA-4 is shown table 8.

Table 8. Correlation among the environmental variables for DCA-4

Day Number Age Year Distance Vegetation cover

Year -0.35 -0.15 -0.15 -0.14
Day Number 0.09 0.06 0.03
Age Year 0.90 0.68
Distance 0.85

The vegetation cover and distance vectors are correlated at -0.99 and -0.85 DCA axis one
respectively. The day number, year and age year vector is correlated along DCA axis two at

-0.98, -0.94 and 0.75. All vectors are significant (<0.05) except for year (0.33).

The correlation between the environmental variables and the different axes for the combined
data plots of spiders and beetles for all six figures DCA-4- DCA-6 (figure 17, 18, 19, 20, 21
and 22) are shown in table 9.
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Table 9. Correlation between the environmental variables and the different axes DCA-
4-6

DCA-4 DCA-5 DCA-6
Axis Axis 1 Axis2 Axis ] Axis2 Axis1 Axis2
Age Year -0.75 046 067 062 084 -033
Distance -0.88 0.26 -0.85 036 -09%4 023
Vegetation cover -091 -0.02 -0.89 -004 -093 -0.07
Day Number -0.05 -0.3% -0.08 -0.28 -0.03 0.52
Year 0.13 -0.01 -0.03 0.01 - -

The DCA-4 plots shows two distinct groups separated along the DCA axis one. The beetles
are separated in two distinct groups separated along the DCA axis one. The pioneer species
Bembidion hastit, Simploc aria metallica, Nebria nivalis, Amara alpina, Helophorus glacialis,
Geodromicus longipes and Arpedium quadrum are grouped in the far positive end of the axis
negatively correlated with vegetation cover, distance and age year. The other extremity
represents the latest arrivals in the primary succession. The rest is spread out along DCA axes
two and primarily affected by the variable day number.
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Figure 17. DCA plot of the first two axes of DCA-4, showing the ecological distance
between the different beetle species. DCA axis one is highly explained by vegetation

cover. Values increase from left to right. DCA axis two is explained by seasonal
differences with spring on top and autumn towards bottom.
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Figure 18. DCA biplot of the first two axes of DCA-4, showing the ecological distance
between the beetles as well as environmental gradient vectors. Vegetation cover is the
strongest explanatory vector. Values increase from right to left. Seasonal differences are
shown along DCA axis two, with spring on top and autumn towards the bottom.
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3.3.2.2 DCA-5: Total beetle material excluding pitfall traps 101-120

Forward selection based on AIC for the DCA-5 data gave us the following model vegetation
cover, age year, day number, and distance. The best model explains 38% of the variance.

Correlation among the environmental variables for DCA-5 is shown in table 10.

Table 10. Correlation among the environmental variables for DCA-3

Day Number Age Year Distance Veg.cov

Year -0.36 -0.04 0.03 -0.01
Day.Nu 0.08 0.05 0.01
AgeYear 0.88 0.59
Distanc 0.81

The vegetation cover, Distance and Age Year vectors correlated at -1.00, -0.78 and 0.55
along DCA axis one respectively. All vectors are significant (<0.05). The correlation between

the environmental variables and the different axes are shown in table 9.
In the DCA-5 plots (figure 19 and 20) Bembidion hastii, Simplocaria metallica, Nebria

nivalis, Helophorus glacialis, Amara alping, and Geodromicus longipes are still pioneer

species and negatively correlated with vegetation cover.
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Figure 19. DCA plot of the first two axes of DCA-5, showing the ecological distance
between the different beetle species. DCA axis one is highly aligned with vegetation
cover, but also to some degree with distance from glacier snout and age of the soil.
Values increase from right to left.
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Figure 20. DCA biplot of the first two axes of DCA-5, showing the ecological distance
between the different beetle species and also environment gradient vectors. DCA axis
one is highly explained by vegetation cover, but to some degree with distances from
glacier snout and age of soil. Values increase from right to left.
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3.3.2.3 DCA-6: Beetle summer catches (simultaneous sampling in the complete gradient)

Forward selection gave us the model vegetation cover, age year and day number and the best
model explains 52% of the variation. Correlation among the environmental variables for

DCA-6 is shown in table 11.

Table 11. Correlation among the environmental variables for DCA-6

Day.Nu AgeYear Distanc Veg.cov

Day.Nu 0.00 0.00 0.00
AgeYear 0.92 0.74
Distanc 0.87

The vegetation cover, distance and age year vectors are correlated at -0.99, -0.97 and -0.89
along DCA axis one respectively. The day number vector is correlated along DCA axis two at
0.99. All vectors are significant (<0.05).

In the DCA-6 plots (figure 21 and 22) Bembidion hastii, Simplocaria metallica, Nebria

nivalis, Amara alpina, and Geodromicus longipes are the pioneer species.
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Figure 21. DCA plot the first two axes of DCA-6, showing the ecological distance
between different beetle species. DCA axis one is best explained by vegetation cover,
closely followed by distance from glacier snout and age of soil. Values increase from
right to left. DCA axis two is highly explained by time in season, with spring towards
bottom and autumn at the top.
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Figure 22. DCA biplot of the first two axes of DCA-6, showing the ecological distance
between beetles, and also environmental gradient vectors. DCA axis one is best
explained by vegetation cover, with distance from glacier snout and age of soil,
respectively. Values increase from right to left. DCA axis two is almost perfectly
explained by season, with spring being at the bottom and autumn at the top.

42



Results

3.3.3 Spiders

3.3.3.1 DCA-7: Total spider material

Table 12 shows the axes lengths in 8.D.-units for the spider plots (figure 23, 24, 25, 26, 27

and 28) which also indicate a complete species turnover.

Table 12. 8.D.-units and eigenvalues for DCA axes one and two for the spider plots
DCA-7-9

DCA-7 DCA-8 DCA-9
Axis DCA1 DCA2 DCA1 DCAZ DCA1 DCAZ
Eigenvalues 059 027 057 027 069 041
Axislengths 387 278 377 214 377 202

Forward selection based on AIC for the DCA-7 data gave us the following model vegetation
cover, age year, day number and distance. The best model explains 32% of the variance.

Correlation among the environmental variables for DCA-7 is shown in table 13.

Table 13. Correlation among the environmental variables for DCA-7

Year Day.Nu AgeYear Distanc Veg.cov

Year -0.35 -0.15 -0.15 -0.14
Day.Nu 0.09 0.06 0.03
AgeYear 0.20 0.68
Distanc 0.85

The distance, year, vegetation cover and age year vectors are correlated at 0.99, -0.92, 0.85
and 0.84 along DCA axis one respectively. The day number vector is correlated along DCA
axis two at 0.92. All vectors are significant (<0.05) except for year and day number (0.28 and
0.78).
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The correlation between the environmental variables and the different axes for the spider

plots for all six figures DCA-7- DCA-9 (figure 23, 24, 25, 26, 27 and 28) are shown in table

14.

Table 14. Correlation between the environmental variables and the different axes for

DCA-7-9

DCA-7 DCA-8 DCA-9

Axis 1 Axis2 Axis ] Axis2 Axis1 Axis2
Age.Year 0.84 -033 0.82 -0.30  -0.85 -0.39
Distanc 0.80 -0.09  0.76 -0.02  -0.85 049
Vegetation cover 0.79 0.20 0.76 0.35 -0.85 049
Day Number 0.12 0.15 -0.08  0.11 -0.10  -0.17
Year 005 004 -0.03 -0.09

In figure 23 and 24 Erigone tirolensis, Collinsia holmgreni, Pardosa trailli and Erigone

arctica are the pioneer species.
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Figure 23. DCA plot of the first two axes of DCA-7, showing the ecological distance
between spider species. DCA axis oneis best explained by distance form glacier snout
with vegetation cover and age of soil, respectively. Values increase from left to right.

45



Results

5 Ded sp.

Veg.cov

DCA2

Eri.arc

i o Par.tra ] Tis.aes
Arc.alp :
T S Gon.rub. ..
Ced.ret
0 _-""--_________ B
: Sy Gnalep Bistanc
Hil.fri g Wal.k
: Col.hol  Eridir %:jb-% \Paal.pfr
: Oczy.qhe vag
Par.sep
: Mec.mar  AgeYear
Pel.men
2 — ;
I I I I
-4 -2 0 2
DCA1

Figure 24. DCA biplot of the first two axes of DCA-7, showing the ecological distance
between spider species and also including environmental gradient vectors. DCA axis
one is best explained by distance from the glacier snout, followed by vegetation cover
and age of soil. Values increase from left to right.
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3.3.3.2 DCA-8: Total spider material excluding pitfall traps 101-120

Forward selection based on AIC for the DCA-8 data gave us the following model vegetation
cover, age year, day number and distance. The best model explains 34% of the variance.

Correlation among the environmental variables for DCA-8 is shown in table 15.

Table 15. Correlation among the environmental variables for DCA-8

Year Day.Nu AgeYear Distanc Veg.cov

Year -0.36 -0.04 -0.03 -0.01
Day.Nu 0.08 0.05 0.01
AgeYear 0.88 0.59
Distanc 0.81

The distance, age year and vegetation cover vectors are correlated at 0.99, 0.85 and 0.82
along DCA axis one respectively. The day number and year vectors are correlated along
DCA axis two at 0.92 and -0.81. All vectors are significant (<0.05) except for year and day
number (0.85 and 0.28).
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Figure 25. DCA plot of the first two axes of DCA-8, showing the ecological distance
between spider species. DCA axis oneis highly explained by distance from glacier.
Values increase from left to right.
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Figure 26. DCA biplot of the first two axes of DCA-8, showing the ecological distance
between spider species and also environmental gradient vectors. DCA axis one is
explained by the distance from glacier snout. Values increase from left to right.
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3.3.3.3 DCA-9: Spider summer catches (simultaneous sampling in the complete
gradient)

For the DCA-9 (figure 27 and 28) ordination forward selection based on AIC gave us the
vegetation cover variable as the only explaining variable. This variable explains 28% of the

variance. Correlation among the environmental variables for DCA-9 is shown in table 16.

Table 16. Correlation among the environmental variables for DCA-9

Day.Nu AgeYear Distanc Veg.cov

Day.Nu 0.00 0.00 0.00
AgeYear 0.92 0.74
Distanc 0.87

The age year, distance and vegetation cover vectors are correlated at -0.99, -0.89 and -0.87
along DCA axis one respectively. The day number vector is correlated along DCA axis two at
0.93. All vectors are significant (<0.05) except for day number (0.46).
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Figure 27. DCA plot of the first two axes of DCA-9, showing the ecological distance
between spider species. DCA axis oneis highly explained by age of soil. Values increase
from right to left
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Figure 28. DCA biplot of the first two axes of DCA-9, showing the ecological distance
between the spider species and also environmental gradient vectors. DCA axis oneis
highly explained by age of soil. Values increase from right to left.
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4 Discussions

4.1 Discussion on methodology

4.1.1 The chronosequence method (Space for time substitution)

A chronosequence, also called space-for-time substitution, is a set of plots with different ages
which are assumed to represent different developmental stages in succession (Walker & Del
Moral 2003). One assumes that “important events and processes are independent of space and
time” (Pickett 1987). Each set of plots differs only in age and the effects of abiotic and biotic
factors are identical. In our chronosequence the conditions have probably varied over the long
time scale involved. We do not have any information on the climatic history between 1750
and 1933. In 1934 the glacier made an extensive retreat (Serlie 2001). It is likely that the
temperature was lower, and that the boundary areas were different in composition and
abundance from present in a period after 1750. However we are not aware of any major shifts
since 1934 until present. The most important assumption of chronosequence is therefore one
of fallacy. The sites have not traced the same history. We do have reliable dating of sites and
frequent emptying of pitfall traps through two complete seasons and there is no lateral
vegetation. In this study we seek general patterns in community structure and believe that
these can still be revealed here. The use of chronosequence studies has been criticized by
Johnson & Miyanishi (2008). Both Hodkinson et al. (2004 ) and Kaufmann & Raffl (2002)
has noted problems in the use of chronosequence studies but chronosequence study is the best
option when your time is limited. We would recommend a joint chronosequence, long-term

study to ensure the complete picture in the future.
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4.1.2 Pitfall trapping: Advantages and drawbacks

Pitfall traps are often used during extensive sampling of surface-active arthropods. Pitfall
traps are inexpensive, enquire little effort and are easy to operate. But there are several issues
that need to be addressed when using pitfall traps. Pitfall traps are surface activity monitors
and several factors will affect catches. The species locomotive abilities (Greenslade 1964),
general behavior, seasonal changes in behavior (i.e. mating behavior) and abundance can
affect catches. Furthermore, variation in vegetation density and structure around a trap can
have species-specific effects on locomotive speed and can therefore affect catches (Topping
& Sunderland 1992). Horizontally moving species are more likely to get caught than species
actively moving in three-dimensional vegetation space. We do not consider this as a large
problem because of the scarce and shoit vegetation in the alpine environment. All
invertebrates live close to the ground (Ottesen 1996) but the soil fauna and species living in
the vegetation could be underrepresented (Kaufmann & Raffl 2002). It has been suggested
that pitfall trappings should be viewed as a activity-abundance measurement since the “rate
of capture is proportional to the interaction between their abundance and activity” (L eather
2005). A highly abundant low activity species will be underestimated compared to a low
abundant highly active species. This is important in this study since some of the focus is on
predators. Both spiders and most predatory beetles are highly surface-active and can be
overrepresented, but we believe that most species will be represented at frequencies close to
their true relative abundance. Abiotic factors like temperature and humidity are the most
important factors in this environment. The temperature can fluctuate extremely, and so can
the precipitation and melt water, saturating the soil. This is one of the reasons why the traps
were placed in moisture gradients along moraine ridges, to capture the differences in moisture

and temperature preferences.

We used plywood lids for our traps although it may alter the microclimate close to the trap
(Leather 2005). It is proposed that transparent roofs minimize the influence, but (Phillips &
Cobb (2005) found that 1id transparency had no effect compared to opaque lids on beetles in

open areas.

Regarding the trapping fluid, ethylene glycol, it is not to our knowledge reported as a
repellent but can attract some invertebrates (Leather 2005).
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4.1.3 Beetles and soil moisture

Studies have found that moisture and soil humidity is an important factor in explaining local
distribution of beetles (Ottesen 1996) and faunistic distribution in general, (Kaufmann 2001).
Since this was known we decided to place our traps in a gradient from dry to wet soil at each
site. We would still cover most of the arthropod fauna, independently of their habitat
moisture preferences, and get a more general picture of the arthropod succession at the
glacier foreland. We also tested how different species was represented in different soil
moisture levels just to show that there are different preferences between the species also at

the Miditdalsbreen glacier.

We found that Byrrhus fasciatus and Cymindis vaporariorum preferred dry habitat. Thus we
are concurring with Ottesen (1996) that found that Byrrhus sp. and Cymindis vaporariorum
both preferred habitat with a soil moisture less than 44%. Lindroth (1961) also says that
Cymindis vaporariorum is found on dry moraines. We could not find anything about what

moisture preferences Amara quenseli have.

Ottesen (1996) found that Geodromicus longipes, Lioglita alpestris and Patrobus
septentrionis all preferred soil moisture 44-75%, this supports our findings which suggest a
preference for high levels of soil moisture. Lindroth (1961; 1985) also supports our results

with regards to Patrobus septentrionis moisture preferences.

4.1.4 Phenology

The main reason for including phenology in this study was to make sure that we had made it
possible to catch all the different species. Since Ottesen (1996) and Ostbye & Hagvar (1996)
have shown that the species are active in different periods of the season, we now know that
we would risk losing data if we had a less frequent emptying schedule. Unfortunately many
species were caught in so few numbers that it is difficult to say anything certain about their
phenology.

Since the main goal of this study was to describe primary succession, we have chosen to

focus on the species we consider to be pioneer species, that is, species found in the two
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youngest sites. Some of these species occurs in very small numbers and therefore it is

impossible to say anything about their phenological patterns.
Phenology result beetles:

Amara alpina. We found that Amara alpina had a peak in abundance in July. Lindroth
(1986) states that imagines are mainly occurring in July due to breeding activity. Ostbye &
Hégvar (1996) conducted a survey over three years and found a peak in the abundance in
July. Ottesen (1996) found that the top was even earlier, in May, June and first half of July.
However that time period only consists of two collections, so we find it likely that the top is
closer to late June than early May.

Amara quenseli: We found that Amara quenseli had a peak in abundance in early July,
decreasing towards the fall. Thus our results could be explained by the fact that imagines are
emerging in June/July and mating activity increases towards the fall, in accordance with
Lindroth (1986).

Bembidion hastii: Is more frequent in 2008 than in 2007. This could probably be because we
had a site even closer to the glacier snout in 2008, but it could also be other factors causing
this. We found that Bembidion hastii increases quite rapidly towards the fall of 2008.
According to Lindroth (1985) Bembidion hastii breed form July to September, this fits well
with our findings.

Geodromicus longipes: We found that Geodromicus longipes had atop in late July of both
2007 and 2008. This is the same results as Ottesen (1996), although his top seems to also
include August to some degree. However we caught a higher number both seasons,

separately.

Patrobus septentrionis: We found a rather large top in July both years and Lindroth (1985)
says that the beetles are emerging in June to August, which could explain our results. Ottesen
(1996) found that Patrobus septentrionis had a top in the May and June period, with
reduction to almost half the amount in the first half of July.

It should be noted that Ottesen (1996) trapping site is facing south, whereas our trapping sites
were facing north which implies that the snow is melting much earlier at his sites compared

to ours. This difference could be as large as at least one and a half month (pers. obs.). That
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could explain why we find differences in the phenology, although there are a lot of
similarities.
Unfortunately most of the species occurred in small numbers. However we will try to explain

what we see in figure 7, 8, 9 and 10, but this is just our personal interpretation of the figures
and should not be regarded as any more than that.

It seems like some of the species could be thriving in or preferring cold conditions, since they
have the highest activity in the coldest period. Agyreta nigripes, Arctosa alpigena, Erigone
arctica, Hilaria frigida, Ozyptila arctica, Pardosa septentrionalis, Pelecopsis mengei and
Tiso aestivis would be put in this group. All the previously mentioned species peak in the
coldest period. If we compare our phenology with other studies done at Finse (Hauge et al.

1978; Hauge & Ottesen 2002) we find similarities but also some differences.
Phenology result spiders:

Arctosa alpigena: Have the same pattern in our and Hauge et al.(1978) study but, only in two
of the three years they conducted their study. Hauge & Ottesen (2002) also has a top in the
very beginning of the season, which probably indicates spring activity and not necessarily

activity in the whole winter period.

Collinsia holmgreni: Show a clear peak in early July 2007 in our data. Hauge et al. (1978)
and Hauge & Ottesens (2002) studies have the same pattern, our 2008 results is not
supportted. So it is more likely that the 2007 top is a more correct description of the actual
phenology.

Erigone arctica: 1s found in very small numbers in Hauge & Ottesen (2002) but has atop at
the end of the season. We however found a top during winter and early June 2008, but almost
no individuals in the other periods. If we combine these two studies we could suggest that

Erigone arctica is active in winter or at least cold periods.

Erigone tirolensis: Have the same pattern in our and Hauge et al. (1978) study, with a top
early in the season, drop in mid season and a small increase at the end of the season. There

are too few individuals to actually conclude.

Hilaria frigid. 1s an early species, but since our first collection in 2008 contains so many

individuals it could be that this species is late fall or winter active which have been suggested
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by Hauge et al. (1978). Hauge & Ottesen (2002) also found a huge top in the earliest period
(6 May to 29 June).

Pardosa paludicola: Occurs in large numbers in early July both years and almost no
individuals in the rest of the season. The reason for the smaller top in 2008 could be that we
drained the area for individuals in 2007, but more likely it is natural fluctuations in the
population or different abiotic conditions.

Scotinotlus evansi: Have a relatively large top in winter, early June 2008. Since we did not
collected as early as in 2007, we cannot say that this is a real top at that time. (Hauge &
Ottesen (2002) found a small top in their latest period (29 August to 16 September), but
collected few individuals.

Tiso aestivus: Have a large top during winter, early June 2008, but also a top in early July,
and a small increase in August. Hauge et al. (1978) did however only find the August
increase, we guess this is because the small number of individuals caught (only 41
individuals in a three year period). In Hauge & Ottesen (2002) the number of individuals is
much higher, and they found tops in the beginning and middle of the season.

4.2 Main conclusions

Unexpectedly and contradictory to the common view on primary succession we found that
both spiders and beetles are found very close to, and quickly colonize, the barren ground in
front of the glacier snout. In addition there were a few species that occurred in high numbers,
and this was also quite unexpected. Our result tells us that the pioneer species colonize
rapidly after the grounds are exposed, that is, some species are very bound to open areas. The
number of species increase throughout the chronosequence as expected. However the beetles

and spiders do not show the same patterns or rate of increase, as seen in figure 29.
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Figure 29. Shows how the numbers of species increase through the chronosequence at
the Midtdalsbreen glacier, both seasons combined. Site number 1 represents trap
number 101-120, site number 2 represents trap number 1-20, site number 3 represents
21-40, site number 4 represents 41-60, site number 3 represents trap number 61-80 and
site number 6 represents 81-100. Beetles represented by filled circles and filled squares
represent spiders.

When we look at how and when the different guilds enter the succession/chronosequence
(figure 30). We see that the numbers of herbivores does not increase as fast as the predatory
beetles and spiders. At the end of our chronosequence it seems even to be fewer herbivorous
species than at site 4, the herbivores does not dominate at any point. This could of course
happen later on in the succession, at a point not included in our study. We did find one
herbivore at site 1, which is barren, the moss eating Simplocaria metallica. There could be
several factors, not taken into account, which could influence the results. Maybe we have not
been able to place the traps in a way that makes them truly comparable. Abiotic conditions
can have different effect at different sites. Although there are a lot of possible explanations

for the outcome of our results, we do believe that the general patterns are reliable, since many
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of the features are consistent with the studies of (Kaufmann 2001, Kaufmann et al. 2002,
Kaufmann & Raffl 2002, Hodkinson et al. 2004, Gobbi et al. 2006, Vater 2006).
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Figure 30. A stacked column plot showing how the numbers of species in each guild are
increasing through the chronosequence at the Midtdalsbreen glacier, with both seasons
combined. Site number 1 represents trap number 101-120, site number 2 represents
trap number 1-20, site number 3 represents 21-40, site number 4 represents 41-60, site
number 5 represents trap number 61-80 and site number 6 represents 81-100. Pr/S =
predatory/saprophagous beetles, H/Pr = herbivorous/predatory beetles, H =
herbivorous beetles, Pr = predatory beetles and Spiders = all spiders are predaceous.
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4.3 Succession patterns: explanations and comparisons

4.3.1 The DCA picture

A strictly statistical interpretation of DCA analysis is not possible so we will here give an
ecological interpretation of the plots.

Our main prediction that; the succession pattern of surface-active arthropods will be related
to age and distance from glacier snout is supported by the DCA analysis. The length of the
DCA axis tells us that one will not find the same species composition in the beginning of the
axis as in the end (i.e. there is a high beta diversity). And this is also true for the
chronosequence, since the DCA is a representation of the chronosequence. There is a relation
between the distance variable and time since deglaciation. This can be confirmed by visual
inspection and comparisons of our tables. And by so doing we separate the pioneer species.
In DCA-1 plot the DCA axis one contains all significant environmental variables. The
variables are highly intercorrelated and difficult to separate. This is due to the properties of
glacier foreland where time is an overriding factor (Hagvar et al. 2009). In the DCA-1 plot
the day number variable is not significant, but a visual inspection and comparison with the
other plots and the phenology data could suggest that the phenology is spread out along DCA
axis two with early dates on top and later dates in the bottom end. We view this plot as the
most important since it includes both beetles and spiders. The other plots were produced to
reveal inconsistency in the data collection, because the traps were not operated

simultaneously and that the number of traps increased from 2007 to 2008.

In the DCA-4 plot vegetation cover is the strongest variable governing the fauna distribution.
This could be due to the fact that vegetation cover does not increase linearly with time and
distance but has a bimodal distribution. This could imply that the beetles have vegetation
preferences or other factors governing vegetation cover e.g. moisture or snow melt. The
pitfall traps were placed in a moisture and vegetation gradient. Most of the beetles are
predators and it is therefore possible that its moisture disguised as vegetation cover that
governs the beetles. In this plot the variable Day number is significant and the distribution
along DCA axis two is due to phenological differences.
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In the spider plot DCA-7 the axis increases from left to right and consequently the four
pioneer species are located at the left side. In this plot, distance is again the strongest variable
that is typical for glacier foreland. Oed.sp. is situated in the upper right corner of the plot. The
reason for this extreme observation, is because of few observations and because all

observation are at the same locality the same year.

We believe that the DCA-1 plot is a good representation of the species composition along the
chronosequence. The same species always turn out as pioneers and the same general patterns
are shared. DCA axis two scatters the species more, the further you move from the glacier
snout. In the DCA plots it can look like the beetles have stronger preferences for vegetation
cover compared to spiders. But as mentioned this could be connected to moisture preferences

not necessarily vegetation preferences.

4.3.2 The pioneer community: The predators first, a paradox (explained?)

The amount of spider species increase almost linearly through the chronosequence while the
amount of beetle species decreases at 159-160 years and then increases again towards 204-
205 years (figure 29). This small reduction in species is probably due to the location of the
site aged 159-160 vears. Being placed on a peninsula surrounded by bog and water the
catches of these pitfall traps were probably affected.

The first species among the beetles to establish on the three year old barren moraine was
Bembidion hastii, Simplocaria metallica, Nebria nivalis, Geodromicus longipes, Amara
alpina and Patrobus septentrionis and among the spiders Collinsia holmgreni, Erigone
tirolensis, Pardosa trailli and Erigone arctica. These species has established independently

of vascular plants and are all, except for Simplocaria metallica, predators.

At 3940 years only two more species has entered the DCA plots. The beetle Helophorus
glacialis, which is an herbivore and the spider Hilaira fiigida Three other predators;
Oxypoda annularis, Boreaphilus henningianus, Nebria rufescens and one species believed to
be aherbivore, Otiorhynchus nodosus are also registered at this location, but with an low
abundance and a higher abundance elsewhere and is therefore ordinated lower along the DCA

axes, and is consequently not regarded as pioneer species.

62



Discussion

From site 2 to 3 the number of species increases with 40%, which is the highest increase
between sites. The increase from site three to four is 23%, four to five 2.5%%6 and five to six

31% respectively.

There are surprisingly few herbivores compared to predators through the gradient (figure 30).
A higher increase of herbivores, closer to that of predators was expected as vegetation cover,
distance and age of soil increased. It is here possible that herbivores are underrepresented in
the pitfall traps as earlier discussed. The nourishment preferences of some of the beetles are
uncertain some could be omnivorous or belong to different trophic levels than stated. We do
not have data on the floral diversity of the area but the low diversity of herbivorous beetles
could reflect alow floral diversity. Or the herbivores colonize later along the chronosequence
than predators.

Pioneer species will have certain preferences and/or abilities. In the alpine zone some form of
cryo-strategy is needed and we will only refer to this as cold-hardiness. Some species must
have barren ground and/or high disturbance areas like riversides and snow-beds. Regarding
food preferences for our pioneer species we will for simplicity only differ between two
strategies, the generalist who forages for anything that might appear in its proximity, and the
specialist who searches for a specific meal. It is also important for these species to be good
dispersers since their environment is disturbed regularly. We also believe that some of these
species will be weak competitors and therefore have filled a niche where competition is

avoided in time and space.

The pioneer species Bembidion hastii prefers barren ground with rocks and sand and is often
found in close proximity to the water edge also along the seashore (Lindroth 1961; Lindroth
1985). A good disperser and a generalist. Simplocaria metallicais a cold-hardy boreo-alpine
species (Strand 1969) which also has been found in rich vegetation under a nesting cliff on
Svalbard (Hagvar 1969). This species was found near mosses on Svalbard and according to
Ottesen (1996) it feeds on mosses. It can look like Simplocaria metallica is a competition
weak cold-hardy moss specialist with good dispersal abilities. Nebria nivalis is a typical
alpine species often found foraging at the edge of snowtfields and at the edge of brooks and
even at the seashores (Lindroth 1961). This must be a cold-hardy species that likes barren
ground and is a good disperser. Geodromicus longipes prefers alpine habitats often found
under rocks, moss and detritus. Also found along the seashore and the edge of brooks, in dry

and wet places prefers sand and gravel. Often appears in large numbers (Palm 1948). Amara
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alpina a characteristic alpine zone inhabitant which occurs on poor mountain ground with
uncontimious dwarf-shrub heats and meadows (Lindroth 1986). Likely a cold hardy
generalist with some preferences for vegetation. Patrobus septentrionis prefers wet habitats
like marshes and meadows, often found close to or hunting on snow. Also found in moist
places in the upper conifer region in Carex vegetation and along rivers (Lindroth 1985). Most
likely a generalist since it frequently hunts on snow, cold-hardy and a good disperser.
Collinsia holmgreni “Is an alpine species often found in alpine heath-lands™ (Aakra 2009)
Collinsia holmgreni is the most numerous spider at site aged 3940 and therefore ordinate at
the extreme edge of the plot and considered a pioneer species though it does appear through
the whole gradient. Collinsia holmgreni must have some preferences for barren habitats.
Erigone tirolensis " 1s typical on almost vegetation free pioneer grounder of both sand and
gravel and can be found along rivers and even the seashore” (Palmgren 1976). “Similar
habitat preferences to Erigone arctica but will probably be found in more vegetation rich
areas” (Aakra 2009). Pardosa trailli has been described as typical for “habitats with rock
debris situated above the timberline” (Kronestedt 2004 ). “The most important criteria for this
species seem to be barren ground with rocks and gravel” (Aakra 2009). Erigone arctica™Is
typical on almost vegetation free pioneer grounder of both sand and gravel along rivers and
even the seashore” (Palmgren 1976). “In alpine areas it will typically be found on barren
ground with scarce vegetation” (Aakra 2009). Hilaira frigida ” The taxonomical status of this
species is uncertain. This is probably a closely related species dissimilar to Hilaira frigida”
(Aakra 2009). “Hilaira frigida can be found in several habitats both with and without
vegetation” (Palmgren 1975).

The paradox is here evident. All of the species mentioned above are believed to be predators
except for Simplocaria metallica. And this has implications for our view on succession, and
many questions arise here. For this to be a prevailing community and not a sink, this habitat
need some form of energy input. Several sources are possible. Allochthonous energy flows
between systems (Polis et al. 1997) with wind as a vector. This has been called the aeolian
subsidization hypothesis (Hawes 2008). Aeolian arthropods and/or detritus have been
suggested as a source of energy input (Hodkinson et al. 2001, Kaufmann 2001, Hodkinson et
al. 2002, Hodkinson et al. 2004). Enormous amounts of insects are willing or unwillingly
airborne at any given time (Chapman et al. 2003). Anabatic winds that cool down when
approaching glaciers deposit their stowaways on or nearby the glaciers. Hodkinson et al.
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(2002) summarizes attempts to estimate “quantitative inputs of organic matter and nutrients”

and concludes that the inputs are “sufficient to sustain newly established food webs™.

Another possible food source is the epigean and endogen acari and collembolan soil fauna.
The location of Hagvar et al. (2009) sites 2 and 3, aged 33 and 34 years respectively are
practically similar to our location. In this study on soil mites Hagvar et al. (2009) registered
three species of oribatei mites in his zone-A (3248 years) with a total density of 25.900 m®.
The occurrence of other mite groups in this zone was 33.100 m?. According to Hagvar et al.
(2009) oribatei mites are some of the earliest pioneer species of barren glacier foreland and
that this also is true for Svalbard, and on the island of Surtsey (Gjelstrup 2000). Kaufmann et
al. (2002) and Skubala & Gulvik (2005) has also reported that mites are early colonizers of

barren ground.

Collembola has also been found in < 40 year old post coal mining successions (Frouz et al.
2001) and on the island of Surtsey after 10 years (Sigurdardottir 2002). Kaufmann (2001)
says that “Some epigean Collembola were caught in the pitfall traps™ on barren moraine.

Hodkinson et al. (2004) found surface-active collembola on grounds not older than two years.

Here we clearly have two potential nourishment sources for beetles and spiders. It is
uncertain how attractive mites are as nourishment for beetles and spiders due to their small
size or hard outer shell. We caught several species of relatively large Isotomidae and
Sminthuridae species of collembola in our sites age 3, 39-40 years. These could be attractive
nourishment sources for several of the predator groups. According to Hopkin (1997)
generalist spiders will eat collembola if they come across them and among beetles
(Notiophilus sp.) there are collembola specialists. Agusti et al. (2003) found that Iinyphiid
spiders (Erigone spp.) include Collembola as alternative prey in arable fields.

This raises the question; what supports the mite and collembola populations? Collembola are
typical saprophages, detritivores or frugivores. A look at the gut content of some of the
collembola caught in our traps revealed plant cells possibly from mosses. Bardgett et al.
(2007) found that functioning microbial communities are sustained by ancient carbon from
recently exposed glacier substrates. Some collembola feed on or include cyanobacteria in
their diet (Hodkinson et al. 2004 ). If cyanobacteria are the underlying nourishment source
Hodkinson et al. (2002) proposal that “community assembly by autotrophs is preceded by a
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heterotrophic phase that may be instrumental in facilitating the establishment of green plants”

is wrong.

4.3.3 Comparisons with other glacier forelands

Vaters (2006) research on glacier forelands in southern Norway is comparable to ours on the
basis of species of beetles and spiders. Our sites one and two aged 3 and 39-40 years
respectively are comparable to the first two sites at all locations aged 0-20 and 2140 years
respectively. Vater (2006) investigated all taxa collected and has a low taxonomical
resolution but a few species reoccur within the 40 year succession. Amara alpina, Nebria
nivalis and Pardosa traili were identified. Bembidion spp., nebria spp. and staphylinidae spp.
were also found. A comparison with Kaufimann (2001) study from the Austrian central alps,
shows that we have several species in common within the first 40 years of succession, among
the beetles; Nebria rufescens, Amara quenseli Chrysomela collaris, Notiophilus aquaticus
and Cymindis Vaporarium and staphylinidae spp species are also caught but are omnipresent
through the chronosequence. Erigone tirolensis is the only shared spider within 40 years.
Gonatium rubens is also present but appears later than 138 years. According to Kaufmann
(2001) “Carabids of the genus Nebria and staphylinid beetles and lycosid and linyphiid
(Erigone tirolensis) spiders are the first to establish on the barren moraine”. Herbivorous
beetles do not occur after 30 years. Further investigation by Kaufmann et al. (2002) of the
soil fauna revealed that the pioneer sites were dominated by “epigeal predators (carabidae
and aranei)’. A study done by Gobbi et al. (2006) in the Forni valley in the Italian Alps, also
found that barren pioneer ground, 24 years and less, was dominated by predators carabidae
and araneae. Amara quenseli was the only mutually shared species within the vegetation free
zone and was present at 24 years. Cymindis Vaporarium and Notiophilus aquaticus was also
present but appeared on vegetated grounds at 54 years. In comparison with Hodkinson et al.
(2004) chronosequence in the high Arctic at Midire I.ovenbre spanning from two to 1900
years we have one species in common. Erigone arctica appeared at all sites from 16 years
and beyond. According to Hodkinson et al. (2004) “Initial colonization was almost
exclusively by detritivores and omnivores”. No beetles were located in this study. A check at
The Norwegian biodiversity Information Centre (2009) showed that Amara alpina and
Amara quenseli are present at Svalbard (Bengtson et al. 1975) and as stated earlier
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Simplocaria metallica has been registered. Collensia holmgreni and Erigone tirolensis has

also been registered on Svalbard.

Our study and others shows that there is a clear pioneer community. Other similarities are
also obvious. Our species establishes relatively quickly, 63% of the beetles and 39% of the
spiders are present already at 63 years. In total 52% of the species are present at 31% of the
age gradient. Species tend to persist after their first appearance. Only Bembidion hastii and
Simploc aria metallica are mamerous early in the succession and then disappear completely
towards the end (appendix 6 and 7). Hagvar et al. (2009) study on acari in the same location
found the same pattern, half of the species was present after 60 years in the 250 year foreland
and they seem to persist after first appearance. According to Vater (2006) the same pattern
emerges “community change during succession is dominated by the addition of taxa rather
than taxa replacement”. Kaufimann (2001) also found that there is only a minor increase after
50 years. Kaufinann et al. (2002) also states that the soil fauna changed little beyond 50
years. And Gobbi et al. (2006) Showed that the highest species richness increase was within
the first 61 years. Community assembly in the high arctic is slower then on the European
mainland, but there seem to be a similar high increase within the first years of succession.
Hodkinson et al. (2004) found that the different taxa had the highest increase within the first
36-100 years and seem to persist after their first appearance. In all studies the arthropod

diversity is greatest towards the end of the chronosequence.
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4.4 The ophilione - Mitopus morio

The ophilione Mitopus moric was caught in large numbers through the whole gradient.
Mitopus morio is a generalist predator mainly eating living wingless arthropods, and
frequently eating collembola, coleopteran larva and acarina (Phillipson 1960). We argue that
Mitopus morio would, if included in the analysis, and should be regarded as a pioneer
species. According to Vater (2006) Mitopus morio was “commonly found on every foreland”.
And Kaufmann et al. (2002) state that “pioneer sites are dominated by ophilione”. Kaufmann
(2001) also had the ophilione Mitopus glacialis as a pioneer species.
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Appendices

Appendix 1: Site characteristics of the six sampling sites, including start and stop dates of
sampling at the Midtdalsbreen glacier foreland, Finse, Norway. The initiating dates in 2008
correspond to the date when all traps where snow-free. Start 07= Sampling start 2007, Stop
07= Sampling stop 2007, start 08= Sampling start 2008, stop 08= Sampling stop 2008 and
M.V.C=Mean vegetation cover.

Site TrapNo. Age Distance M.V.C Start 07 Stop 07  Start 08 Stop 08
No. (Years) (Meters)  (Percentage)  (Date) (Date) (Date) (Date)

1 101-120 3 15 0 - - 28.6.08 23.8.08
2 1-20 39-40 70 6 7.7.07 15.9.07  286.08 23.8.08
3 21-40 62-63 472 9 7.7.07 1.9.07 28.6.08 23.8.08
4 41-60 78-79 807 80 7.7.07 15.9.07  286.08 23.8.08
5 61-80 159-160 1012 80 7.7.07 1.9.07 28.6.08 23.8.08
6 81-100 204-205 1100 96 7.7.07 15.9.07  26.7.08 23.8.08
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Appendix 2: List of DCA axes one scores for the DCA-1-3 analysis.

DCA-1 DCAl DCA-2 DCAl DCA-3 DCAIl

Bem.has 3.35 Bem.has 3.75 Bem.has 3.09
Simmet 2.77 Simmet 3.04 Simmet 2.86
Colhol 242 Colhol 257  Nebniv 2.73
Eri.tir 2.39 Eri.tir 2.44 Eri.arc 2.61
Neb.niv. 232  Neb.niv  1.98 Colhol  2.37
Par.tra 1.90  Hilfii 1.89  Hilfii 2.16
Hil fri 1.73 Par.tra 1.81 Eri.tir 1.86
Eri.arc 1.58 Hel.gla 1.34 Par.tra 1.83
Ama.alp 1.09 Eri.arc 1.26 Geolon  1.06
Hel.gla 1.04 Ama.alp 1.13 Ama.alp 0.99
Geo.lon 0.89 Geo.lon 084  Nebruf 0.62
Arp.qua 037  Nebaruf 046 Arp.qua 048
Neb.ruf  0.27 Pat.sep 0.42 Ama.que 0.12
Pat.sep 016 Cur.cyc 014 Cur.cyc  -0.18
Ama.que 0.03 Gny.cae 0.13 Pat.sep -0.21
Gny.cae  0.01 Ama.que -0.10 Byrfas -0.48
Cur.cyc -0.03 Notaqu -0.13 Otinod -0.58
Not.aqu -0.28 Pelbor -0.16 Arcalp -0.68
Pelbor  -0.31 Arcalp -0.18 Athhyp -0.79
Borhen -0.36 Batgra -0.25 Pelbor -0.87
Otinod -0.38 Borhen -0.28 Cymvap -0.92
Arc.alp  -0.38 Otinod -0.28 Tis.aes -0.96
Cep.niv  -046 Byrtfas -0.30 Lio.alp -1.20
Byr.fas  -0.48 Cep.niv  -0.32 Gnalep -1.55
Bat.gra -048 Cymvap -0.43 Scoeva -1.60
Cym.vap -0.62 Pelmen -0.56 Antalp -1.74
Pelmen -0.84 Athhyp -0.76 Omacae -1.78
Athhyp -0.87 Agynig -0.87 Par.pal -1.81
Euc.bra -095 Eucbra -093 Gonrmub -1.87
Tis.aes -1.04 Orevag -0.96 Eucbra -1.94
Agy.nig -1.10  Tis.aes -0.96  Oedret -2.03
Acicre  -1.14  Acicre  -1.01 Parsep -2.04
Orevag -1.17 Parsep -1.10 Pelmen -2.16
Lio.alp -1.25  Armp.qua -1.13 Ozy.arc -2.31
Bry.rug -1.29 Scoeva -1.18

Sco.eva -1.34 Bry.rug  -1.23

Mecmor -1.40 Ozy.arc -1.24

Chr.col -1.41  Lio.alp -1.26

Parsep  -1.42 Chrcol -1.28

Ozy.arc  -1.50 Mec.mor -1.29

Antalp  -1.55 Antalp -1.51

Par.pal -1.72  Par.pal -1.71

Walkar -1.78 Walkar -1.75

Gna.lep -1.81 Gnalep -1.80

Tac.elo -1.89 Tacelo -1.90

Myc.eri -1.90 Myceri -1.91

Myc.nig -1.92 Mycnig -1.92

Oed.sp.  -1.96  Oedsp. -1.95

Oma.cae -2.01 Oma.cae -2.03

Gonrub  -2.03  Gonrub  -2.08

Oedret -2.09 Oedret -2.19
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Appendix 3: List of DCA axes one scores for beetles in the DC A-4-6 analysis.

DCA-4 DCAl DCA-5 DCAl DCA-6 DCAI
Bem.has 2,98 Bem.has 3,01 Bem.has 2,71
Sim.met 2,45 Sim.met 2,79 Sim.met 2,49
Neb.niv 2,20 Neb.niv 2,23 Neb.niv 2,43
Ama.alp 1,48 Hel.gla 1,57 Ama.alp 1,25
Hel.gla 142 Ama.alp 1,41 Geo.don 1,17
Geolon 1,28 Geo.lon 1,12 Arp.qua 0,89
Arp.qua 1,14 Pat.sep 0,65 Neb.ruf 0,50
Pat.sep 0,29 Neb.ruf 0,35 Amaque 0,02
Neb.ruf 0,11 Bor.hen -0,01 Pat.zep -0,22
Ama.que -0,06 Ofi.nod -0,09 Cur.cyc -0,54
Bor.hen -0,22 Cur.cyce -0,18 Byr.fas -0,73
Oti.nod -0,32 Pel.bor -0,34 Pel.bor -0,79
Cur.cyc -0,38 Not.aqu -0,35 Oti.nod -0,80
Pel.bor -0,54 Byr.fas -0,37 Athhyp -091
Not.aqu -0,56 Cep.niv -0,40 Cymwvap -1,24
Cep.niv -0,64 Ama.que -041 Lio.alp -1,51
Byr.fas -0,65 Chr.col -0,58 Ant.alp -1,72
Euc.bra -0,79 Bry.rug -0,60 Euc.bra -1,80
Bry.rug -0,82 Cymwvap -0,62 Oma.cae -2,02
Cym.vap -0,85 Euc.bra -0,69
Chr.col  -0,92 Athhyp  -0,89
Ath.hyp -1,04 Aci.cre -1,07
Gny.cae  -1,10 Gny.cae  -1,10
Aci.cre -1,19 Tac.elo -1,27
Lioalp  -1,39 Antalp  -1,33
Tac.elo -1,39 Lio.alp -1,40
Ant.alp 142 Arp.qua -1,42
Mycnig -1,57 Mycnig -1,45
Myc.eri -1,70 Myc.eri -1,66
Oma.cae -1,88 Oma.cae -191
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Appendix 5: List of DCA axis one scores for spiders in the DCA-7-9 analysis.

DCA-7 DCA1 DCA-8 DCA1 DCA-9 DCAl
Oedret  2.30 Oed.ret 227 Eriaarc  2.66
Walkar 210 Walkar 2.08 Hil fri 2.63
Gonrub 2,09 Gon.rub  2.06 Colhol 2.45
Par.pal 2.07 Par.pal 2.04 Partra 1.17
Gnalep 2.04 Gna.lep  2.02 Eri.tir 1.07
Mec.mor 1.67 Mec.mor 1.65 Arcalp 0.62
Oedsp.  1.34 Oed.sp. 149 Parsep  0.07
Orevag 1.13 Orevag 1.11 Ozy.arc  -0.35
Sco.eva 0.89 Tis. aes 0.84 Tis.aes  -0.61
Tis.aes 0.86 Sco.eva 0.83 Pelmen -0.95
Ozy.arc  0.69 Ozy.arc  0.54 Sco.eva -1.04
Par.sep  0.19 Batgra 0.11 Gnalep -1.98
Agynig 0.19 Agy.nig 0.07 Par.pal -2.11
Bat.gra  0.18 Parsep  0.00 Gonrub  -2.13
Pelmen 0.01 Pelmen -0.11 Oedret -2.20
Arcalp  -0.38  Arcalp -0.51

Hil fri -0.47  Hilfri -0.57

Eri.arc -1.11 Eri.arc -1.06

Par.tra -1.42 Par.tra -1.47

Eri.tir -1.95 Eri.tir -1.85

Colhol  -2.72 Colhol -271
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Appendix 6: An overview of the different species of beetles found at the Midtdalsbreen glacier
foreland, Finse, Norway in the 2007 and 2008 season. Showing the age and distance of the
different sites along with the species and their abundance at that given site. Bysrhidae = Byr,
Carabidae = Car, Chrysomelidae = Chrys, Cryptophagidae = Cryp, Curcudionidae = Curc,
Hydrophilidae = Hydr, Leiodidae = Leiod and Staphylinidae = Staph

Digtanice (1m) 15 70 70 472 472 a07 207 1012 1012 1100 1100

Age (yeat) 3 a9 40 62 63 78 79 159 160 204 205

Bampling year 2008 2007 2002 Both 2007 2008  Bath 2007 2008 Both 2007 2008  Both 2007 2008 Both
By & metalica 21 20,8 1.7 2B/5 0 1.3 13 2 0 2 0 0 0 0 0 0
Car A alpina 7.7 IT5 344 74,1 28 458 546 17 537 70,7 12,4 10,2 227 01,5 77 1685
Car A guenseli 5 i i 0 1606 230,01 390,7 2084 2053 4139 i 21 21 10,3 12 n3
Car E. hastii 1711 3621 3343 69,11 0 0 0 0 0 0 0 0 0 0 0 0
Car N wivalis 22 1685 142 31,05 53 57 11 21 149 359 1,1 i 11 2 1 3
Staph A guadrum 11 i i 0 i i 0 i 58 58 i i 0 1 5 6
Staph G longpes 35 17.8 15 28 20 67,0 768 56,9 292 86,1 6,1 3l 922 19,4 H 76
Car N ryfescens 0 1 34 44 6,5 12,7 192 036 222 1758 i 1 1 51 2 7.1
Car F. sepfertriovis 0 62,3 9.4 719 1582 2185 3773 3573 1766 6339 133 97,5 3208 1526 76 22846
Cure . nodosus 0 1 i 1 1,1 0.7 108 02 157 249 1,3 1,1 24 14 5 19
Hydt  H gdacalis 0 i 1.4 14 i i 0 1 1,2 22 i 1,1 11 i 1 1
Staph  E hewungaes 0 3 0 3 0 6,7 6,7 2 14,5 16,5 0 32 32 53 19 M3
Staph O avndaris 0 1,05 i 1,05 i i 0 i i 0 i i 0 i i 0
By E. fasciafus 0 i i 0 33 7.1 104 234 281 51,5 a7 5.1 268 2 4 26
By . gyelolepidia 0 i i 0 42,2 A 1218 353 26,6 61,9 i i 0 i i 0
Car C. veporariorim 0 i i 0 259 a2 579 10,2 17,8 28 447 27 774 141 5 19,1
Car N aguaticus 0 0 0 0 17,7 16,8 345 [ 20 26 4.8 1.1 59 15,1 1 16,1
Staph A crendta 0 i i 0 1 32 48 i i 0 1 42 52 35 i 35
Staph A Fppmorum 0 i i 0 i 17.3 173 1 9 10 35 3l 66 03 15 43
Staph O wwicola 0 0 0 0 1.1 4.9 6 4 157 21,7 2,86 4.2 706 7.1 3 10,1
Staph D fecfum 0 i i 0 1,1 i 11 i i 0 i i 0 i i 0
Staph L. alpestis 0 i i 0 17,1 70,1 872 1632 407 2179 1 326 336 2632 340 6082
Staph O lagueats 0 i i 0 1,1 i 11 i 0 i i 0 i i 0
Car F. borealis 0 i i 0 i i 0 251 10 351 4.4 1 54 31 1 4,1
Chrys  C collaris 0 0 0 0 0 0 0 0 2.2 22 g 21 10,1 140 5 145
Cryp Afomaria sp. 0 1] 1] 0 1] 1] 0 1 1] 1 1] 1] 0 1] 1] 0
Cure A cruertatm 0 i i 0 i i 0 i 2.2 22 i i 0 i i 0
Staph A alpus 0 0 0 0 0 0 0 11,4 6,7 18,1 18,7 15,1 338 1418 97 2388
Staph B rugipermas 0 1] 1] 0 1] 1] 0 1 1] 1 1] 1] 0 3 4 7
Staph  E brackypfeum 0 i i 0 i i 0 51 a7 138 i i 0 g1 5 12,1
Staph G caerulea 0 0 0 0 0 0 0 0 79 7.9 0 0 0 0 0 0
Staph O caesuin 0 i i 0 i i 0 i 24 24 43 135 178 345 51 855
Staph A lecuicauda 0 0 0 0 0 0 0 0 0 0 1.4 0 14 2 0 2
Staph M inaris 0 i i 0 i i 0 i i 0 i 1,1 11 i i 0
Chrys G acica 0 i i 0 i i 0 i i 0 i i 0 4 i 4
Leiod  H. spinpes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Staph B aiger 0 i i 0 i i 0 i i 0 i i 0 i 2 2
Staph M erichsomars 1} 1] 1] 1} 1] 1] 1} 1] 1] 1} 1] 1] 1} 3.5 28 ils
Staph M migraus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 ]
Staph T elowgats 0 i i 0 i i 0 i i 0 i i 0 7.1 17 241

Numher of

species 7 10 8 11 16 17 19 n 24 27 17 p. 1] 22 7 27 30
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Appendix 7: An overview of the different species of spiders found at the Midtdalsbreen glacier

foreland, Finse, Norway in the 2007 and 2008 season. Showing the age and distance of the

different sites along with the species and their abundance at that given site. Graphosidae =

Gna, Linyphiidae = Lin, Lycosidae =Lyc and Thomisidae = Tho

Distatice () 15 70 70 472 472 &07 207 11z 102 1100 1100

Age (yeat) 3 a0 40 62 63 78 79 159 160 204 205

Sampling year 2008 2007 2008 Beth 2007 2008 Beth 2007 20028 Beth 2007 2008 Beth 2007 2002 Beth
Lin ¢ holmgrer 33 745 40,5 115 i 1,1 11 3 23 53 4.5 [ 105 3 1 4
Lin  E actica 7.1 21 56 7,7 43 304 M7 21 39,1 47,2 i i 0 i 2,4 24
Lin  E firolensis 7,7 273 36,2 63,5 0 2.7 27 0 2,2 22 31 4.1 T2 0 35 35
Lyc P frailli 10,3 221 26,8 48,9 55 6,7 122 21,3 468 68,1 1.4 2 34 4 i 4
Lin  H frigda 0 297 706 1003 0 10,2 10,2 4 244 26,6 1.7 18,2 265 1.4 26 4T 4
Lye A aculeate 0 0 1 1 0 0 0 0 0 0 0 1,1 11 0 0 0
Lin B gracilis 0 i 2.5 2,5 i 1,3 13 1 i 1 57 52 109 3l 2,4 55
Ly A alpigena 0 0 0 0 214 338 554 10,1 34.5 44,6 87 338 425 0 0 0
Lin T asstivas 0 i i o0 195 52,1 716 142 46 60,2 131 19,8 329 TE TAE 1562
Lin A wgripes 0 i i 0 i 2.7 27 i 1.1 1,1 2,0 05 124 i 1.2 12
Lin  F mengei 0 0 0 0 0 6.4 64 0 0 0 26,6 19,4 46 0 2,2 22
Lin & evansi 0 i i 0 i 135 135 i 4.4 4,4 87 891 978 56 321 ric)
Lin T fenebricola 0 i i 0 i i 0 1 i 1 i i 0 i i 0
Lin O vagndaus 0 i i 0 i i 0 i 1.1 1,1 57 24 14,1 10 10,6 26
Tho O arcica 0 i i 0 i i 0 i i 0 0.0 199 208 2 i 2
Lyc P sepfenfrionalis 0 0 0 0 0 0 0 0 0 0 8.6 227 313 0 0 0
Lin G rubens 0 i i 0 i i 0 i i 0 i 21 21 35,6 3 666
Lin M morudus 0 i i 0 i i 0 i i 0 i 1 1 2 2.1 11,1
Lyc  F paludicola 0 0 0 0 0 0 0 0 0 0 0 1 1 2263 879 3142
Lin T flavipes 0 i i 0 i i 0 i i 0 i 1,1 11 i i 0
Lin C brevipes 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3
Gna G leporing 0 i i 0 i i 0 i i 0 i i 0 14,2 143 BS5
Lin I hochiellus 0 i i 0 i i 0 i i 0 i i 0 1 i 1
Lin L afroviensis 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Lin M pactuus 0 i i 0 i i 0 i i 0 i i 0 1 i 1
Gna M almna 0 i i 0 i i 0 i i 0 i i 0 2 i 2
Lin @ refsus 0 0 0 0 0 0 0 0 0 0 0 0 0 6.4 2368 80
Lin  Oedothorar sp 0 i i 0 i i 0 i i 0 i i 0 6,7 i 6,7
Lyc P lpperborea 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2
Lin P variegaa 0 1] 1] 0 1] 1] 0 1] 1] 0 1] 1] 0 1 1] 1
Lin W karpivski 0 i i 0 i i 0 i i 0 i i 0 5 34 84
Lin I complicans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,2 12
Lin  Lepfhyphartes sp 0 i i 0 i i 0 i i 0 i i 0 i 1.2 12

Numher of

species 4 5 7 7 4 11 11 8 10 12 13 18 18 n 18 P
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Appendix 8: List of beetles used in ordination plot. Nomenclature according to (Silfverberg
1992). Abbr=Abbreviation used in ordination plot, NI= Nourishment imago, NJ=
Nourishment juvenile, L= literature (1=Hagvar (1975), 2=Hansen & Larsson (1965), 3=
Hansen & Larsson (1973)). Trophic guilds: F=fungivores, including slime-mould feeding;
H=herbivours, including feeding on pollen and algae, but excluding woody tissue;
Pr=predacious; S=saprophagous.

Abbr Staphylinidae Author NJ NI  Biotope/comments

Oxy ann  Oxypoda anmularis  Mannerheim, 1830 Pr? Aleocharinae

Deltec  Deliphrum tectum  Paykull, 1789 8?7  Omalinae, habitual in dung and

rotting fungus

Oxy laq  Oxytelus laguectus  Marsham, 1802 S Oxytelinae

Tac elon Tachinus elongatus Yllenhal, 1810 Pr/S Tachyporinae

Acicre  Acidota crencata Fabricius, 1792 S?  Omalinae

Cepniv  Cephdalocousya Thomson, 1871 Pr? Aleocharinae
nivicola

Arp qua Arpedium quadrum  Gravenhorst, 1806 8?  Omalinae

Euc brac  Eucnecosum Gravenhorst, 1802 S?  Omalinae
brachypterum

Athhyp Atheta hyprorum  Kiesenwetter, 1850 Pr? Aleocharinae

Athlae  Athetalaevicauda J. Sahlberg, 1876 Pr? Aleocharinae

Lioalp  Lioghita alpestris  Heer, 1839 Pr? Aleocharinae

Gny cae Gmypeta caerulea  Sahlberg, 1831 Pr? Aleocharinae

Bry rug  Bryoporus Pandelle, 1869 Pr? Tachyporinae
rugipennis

Bry nig  Bryoporus niger Campbell 1993 Pr? Tachyporinae

Myc nig Adycetoporus Miklin, 1853 Pr? Tachyporinae
nigrans

Myc eri  Adycetoporus Fagel, 1965 Pr? Tachyporinae
erichsonanus

Mycina Adycetoporus inaris Luze, 1901 Pr? Tachyporinae

Antalp  Anthophagus Paykull, 1790 Pr  Omalinae, Powerful mandibles
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alpines indicates predation

Oma cae Omdium caesum  Gravenhorst, 1806 S?  Omalinae

Bor hen  Boreaphilus Sahlberg, 1832 Pr  Omalinae, Powerful mandibles
henningicmuy indicates predation

Geolon  Psephidonus Mannerheim, 1830 Pr  Omalinae
longipes

(Formerly

Geodromicus

longipes)
Chrysomelidae

Gonarc Gonioctena arctica Mannerheim, 1853 H H Salix?

Chr coll  Chrysomeia Linnaeus, 1758 H H  Typical in outer part of snow
collaris beds with Salix herbacea
Curculionidae

Apicru  Apion cruentatum  Walton, 1844 Rumex?

Otinod  Ofiorhynchus Miller, 1764 H? H? Island: Rumex, Saxifraga,
nodosus Trifolium. Adult?
Carabidae

Amaalp Amara alpina Paykull, 1790 Pr H/Pr Lindroth 1962 - Sv. Larva

predominantly predatory

Ama que Amara guenseli Schanherr, 1806 Pr H/Pr

Cym Vap Cymindis Linnaeus, 1758 Pr Pr
VAPOrariorum

Patsep  Patrobus Dejean, 1828 Pr Pr
septentrionis

Bem has Bembidion hastii  Sahlberg, 1827 Pr Pr

Not aqu  Notiophiius Linnaeus, 1758
aqudicus

Pelbor  Pelophila borealis  Paykull, 1790 Pr Pr

Nebruf  Nebria ryfescens  Strom, 1768 Pr Pr

Nebniv  Nebria nivalis Paykull, 1790 Pr Pr
Byrrhidae Larva of Byrthidae reportedly

feeds of mosses.
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Simmet Simplocaria Sturm, 1807 H? mosses
metdllica

Cur cyc  Curimopsis Miinster, 1902 H? MOSses
cyclolepidia

Byrfas  Byrrhus fascictus  Forster, 1771 H? mosses
Hydrophilidae

Hel gla  Helophorus Villa, 1833 H Algae in water and moist places
glacialis
Leiodidae

Hyd spi  Hydnobius spinipes Gyllenhal, 1813 S Hypha
Cryptophagidae

Atomara Atomaria sp. S Fungi spores

sp
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Appendix 9: List of spiders used in ordination plot. Nomenclature according to Aakra &

Hauge (2003), Abbr=Abbreviation used in ordination plot.

Abbr Linyphiidae Author
Agynig Agyneta nigripes Simon, 1884 - Formerly Meioneta n.
(see Saaristo & Tanasevitch 1996).
Batgra  Bathyphantes gracilis Blackwall, 184
Cerbre  Ceratinella brevipes Westring, 1851
Colhol  Collinsia holmgreni Thorell, 1871
Eri arc Erigone arctica White, 1852
Eri tir Erigone tirolensis L Koch, 1872
Gonrub  Gonatium rubens Blackwall, 1841
Hil fri Hilaira frigida Thorell, 1872
Imp com Improphantes Emerton, 1882 - Formerly
complicatus Lepthyphantes c. (see Saaristo &
Tanasevitch 1996).
Inc koc  Incestophantes Strand, 1900 - Formerly
kochiellus Lepthyphantes k. (see Saaristo &
Tanasevitch 1996).
Lepsp.  Lepthyphantes sp.
Lepant  Lepthyphantes Schenkel, 1933
Aantrontensts
Mec mor Mecynargus morulus O.P.-Cambridge, 1873
Mecpae Mecynargus pastulus O.P.-Cambridge, 1875
Oedret  Oedothorax retusus Westring, 1851
Oedsp.  Oedothorax sp.
Ore vag  Oreonetides vaginats Thorell, 1872
Pel men Pelecopsis mengei Simon, 1884
Poe var  Poeciloneta variegata Blackwall, 1841 - Formerly P. globosa
(Wider, 1834).
Scoeva Scotinotylus evansi O.P.-Cambridge, 1894
Tenten  Tenuiphantes tenebricola Wider, 1834- Formerly Lepthyphantes
t. (see Saaristo & Tanasevitch 1996).
Tis aes Tiso aestivits L Koch, 1872
Walkap Walckenaeria karpinskii  (O.P.-Cambridge, 1873)
Lycosidae
Aloacu  Alopecosa aculeate Clerck, 1757
Arcalp  Arctosa alpigena Doleschall, 1852 - Formerly Tricca a.
(see Dondale & Redner 1983).
Parhyp  Pardosa hyperborea Thorell, 1872
Parpal  Pardosa paludicola Clerck, 1757
Par sep  Pardosa septentrionalis  Westring, 1861
Par tra Pardosa trailli O. P.-Cambridge, 1873
Tenfla  Temuiphantes flavipes Blackwall, 1854 - Formerly
Lepthyphantes f. (see Sdaaristo &
Tanasevitch 1996).
Gnaphosidae
Gnalep Graphosa leporina
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Micalp Micaria alpina L.Koch, 1872
Thomisidae
Ozy arc  Ozyptila arctica Kulezynski, 1908
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