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Abstract

Palsa mires are sub-Arctic peatland complexes, vulnerable ecosystems with

patches of permafrost. Permafrost thawing in palsa mires occurs through-

out Fennoscandia, probably due to local climatic warming. In palsa mires,

permafrost thaw alters hydrological conditions, vegetation structure and

microhabitat composition with unknown consequences for invertebrate fauna.

This study’s objectives were to examine the role of microhabitat heterogeneity

and the effects of permafrost dynamics and thaw on oribatid mite communities

in palsa mires. Oribatid mites were sampled in two palsa mires in Finland

and Norway. Three different types of microhabitats were examined: graminoid-

dominated wet sites, herb-dominated small hummocks and evergreen shrub-

dominated permafrost-underlain palsa hummocks. The results indicate that

permafrost dynamics are an important factor structuring oribatid mite com-

munities in palsa mires. The community composition of oribatid mites differed

remarkably among microhabitats. Six species were significantly more abun-

dant in permafrost-underlain microhabitats in relation to non-permafrost

microhabitats. None of the species identified occurred exclusively in perma-

frost-underlain microhabitats. Findings suggest that permafrost thaw may not

have an impact on species diversity but may alter community composition of

oribatid mites in palsa mire ecosystems.

Palsa mires are sub-Arctic mire complexes, found in

northern parts of Fennoscandia, Siberia, Canada and

Alaska. A determinative character of palsa mire is perma-

frost, which occurs in patches within the mire. The

optimum areas for palsa mire occurrence in northern

Europe are areas of low precipitation (B450 mm), where

the mean annual air temperature is between �38C and

�58C (Luoto, Fronzek et al. 2004). In Finnish Lapland,

the southern limit of the palsa region coincides with

the �18C mean annual air temperature (Seppälä 2011).

In Fennoscandia, palsa mires are found at the limits of

the permafrost zone and are therefore very sensitive to

climatic fluctuations (King & Seppälä 1987; Seppälä 1988).

Palsa mires are good climate change indicators and identi-

fied as ‘‘early warning’’ ecosystems (Fronzek et al. 2009).

Throughout their distribution range in northern Finland

and Scandinavia, palsa mires are degrading (Matthews

et al. 1997; Sollid & Sørbel 1998; Zuidhoff & Kolstrup

2000; Luoto & Seppälä 2003; Fronzek et al. 2006; Åkerman

& Johanssen 2008; Hofgaard 2009), probably because

of regional climatic warming. Palsa mires are highly valued

in terms of nature conservation (Luoto, Heikkinen et al.

2004; Fronzek et al. 2009), and listed as a priority habitat

type by European Union (Anonymous 2007).

Permafrost occurs in palsa mires in the form of

palsas, which are large peat hummocks with a perma-

nently frozen core, formed by frost upheaval. The for-

mation and degradation of palsas are natural cyclic

processes, which maintain microhabitat diversity in palsa

mires. The degradation process of permafrost causes palsa

hummocks to collapse, forming remnants such as peat

ridges, thermokarst pools, depressions and smaller hum-

mocks (Seppälä 1986; Zuidhoff 2003; Zuidhoff & Kolstrup

2005).
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Palsa hummocks create a mosaic of microhabitats

within the mire because both microenvironment and

vegetation on top of palsa hummocks differ from the

wet surroundings. The microenvironments provide ha-

bitats for a wide range of flora and fauna and serve as

important breeding areas for many bird species (Luoto,

Heikkinen et al. 2004). Currently, in many sub-Arctic

peatlands, more palsas are collapsing than are formed.

This leads to changes in surface structures, hydrological

conditions and vegetation. This is occurring in palsa

mires in Finnish Lapland (Luoto & Seppälä 2003; Luoto,

Heikkinen et al. 2004; Seppälä 2005), northern Sweden

(Zuidhoff & Kolstrup 2000; Zuidhoff 2003) and Norway

(Sollid & Sørbel 1998; Hofgaard 2003). Malmer et al.

(2005) used aerial images together with ground surveys

of plant communities and determined that during the

last three decades, the drier sites, which are dominated

by ombrotrophic hummock vegetation such as mosses

and evergreen dwarf shrubs, had declined, and the wet

sites, dominated by tall graminoids, expanded in palsa

mire ecosystems. A similar trend consisting of a decrease

in hummock areas and an increase in wet area was also

documented by Zuidhoff (2003). Recently, Fronzek

(2013) evaluated that the area where climatic conditions

are suitable for palsa occurrence will decrease remarkably

during the 21st century.

Permafrost thaw can lead to homogenization of habitats

in palsa mire ecosystems (Luoto, Heikkinen et al. 2004).

Habitat heterogeneity is known to maintain diverse com-

munities of invertebrates through an increase in niche

differentiation and resource availability (e.g., Anderson

1978; Berg et al. 1998; Hansen 2000; Verberk 2006).

Therefore, thawing of permafrost in palsa mires may not

only result in changes in plant species composition and

vegetation structure, but in invertebrate species composi-

tion and diversity, too. However, the effects of permafrost

thaw on invertebrates inhabiting palsa mires are poorly

known.

In this study, relationships between oribatid mite

(Acari: Oribatida) community composition and perma-

frost dynamics in two palsa mire ecosystems in northern

Finland and Norway were investigated. Oribatid mites

are microarthropods living in various types of habitats,

including in soil and dumps, the littoral, decaying wood

and tree canopies (Weigmann 2006). Oribatid mites

are one of the most diverse and numerous inverte-

brate groups in peatlands, where they are an important

prey for higher insects (Behan-Pelletier & Bisset 1994;

Murvanidze & Kvavadze 2010). Oribatid mites are

significant in ecosystem functioning, due to their im-

portance in decomposition and nutrient cycling processes

(Seastedt 1984). In high-latitude ecosystems, the role of

microarthropods is particularly important, because larger

soil macro-fauna are absent or have low densities and

species diversity (Swift et al. 1979).

Several studies show that microhabitat and resource

heterogeneity are important factors structuring oribatid

mite communities (Hansen & Coleman 1998; Migge et al.

1998; Hansen 2000; Mumladze et al. 2013) and that

Oribatida have a high degree of microhabitat preferences

and food-niche partitioning (Schneider et al. 2004;

Erdmann et al. 2007; Maraun et al. 2011; Nielsen et al.

2012). However, there is also growing evidence that no

clear relationships between plant and oribatid mite

diversity exist (Kaneko et al. 2005; St. John et al. 2006;

Osler et al. 2006; Erdmann et al. 2012). In peatlands,

moisture is an important factor affecting the spatial

distribution of oribatid mites with intermediate moisture

conditions being the optimum for most species (Tarras-

Wahlberg 1961; Behan-Pelletier & Bisset 1994).

To my knowledge, there are no published studies

regarding the communities and microhabitat preferences

of Oribatida in Fennoscandian palsa mires. This study’s

objectives were to investigate the effects of permafrost

dynamics on oribatid mite communities in a microhabitat

mosaic. The following questions were addressed. (1)

What kind of oribatid mite communities inhabit palsa

mires? (2) Are there distinct, characteristic oribatid mite

communities in different microhabitats within the mire?

(3) Are there species that are found only in permafrost-

underlain microhabitats? (4) How are oribatid mite

communities of palsa mires affected by permafrost thaw?

Materials and methods

Study areas

Data were collected from two palsa mires: Ferdesmyra

mire in east Finnmark, Norway, and Vaisjeäggi palsa mire

in Utsjoki, Finland. Ferdesmyra is a ca. 15 km2 peatland

area 30 km west of Kirkenes. The mean annual tem-

perature for the area is �18C, and the mean annual

rainfall is 470 mm (Norwegian Meteorological Institute;

www.eklima.no). Permafrost dynamics and thaw in

Ferdesmyra mire have been surveyed by the Norwegian

Institute for Nature Research. A decrease in number,

size and height of palsa hummocks was documented in

1970�2008 (Hofgaard 2009). Today, palsa hummocks

are found only in two restricted areas of the mire, and all

are in decay. Sampling in Ferdesmyra was conducted in

the northern part of the mire (69848?N; 27814?E, 71 m

a.s.l), where decaying palsa hummocks still exist.

The Vaisjeäggi study area was situated in a palsa mire

segment*ca. 2 km in length and 1 km in width*at the
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south-western end of the larger Vaisjeäggi peatland

area (69844?N; 29816?E, 282 m a.s.l). In this area, the

mean annual temperature recorded at the Kevo Subarctic

Research Station (12 km south-west from the mire and

at 75 m a.s.l.) is �1.68C, and the mean annual rainfall

is 415 mm (Kevo weather station; www.kevo.utu.fi).

In the area where study site was located, mature palsa

hummocks reach heights of 1�2 m.

Sampling

Three microhabitats in both mires were sampled. Micro-

habitats were selected according to field observations

of dominant vegetation and presence/absence of per-

mafrost. The presence of permafrost was detected by a

vegetation survey and by detection with an iron probe.

Microhabitats were: (1) permafrost-underlain palsa hum-

mocks dominated by evergreen dwarf shrubs; (2) non-

permafrost hummocks dominated by herbs; (3) adjacent

wet microhabitats dominated by graminoids. Because

palsa hummocks in Ferdesmyra mire are degrading,

whereas they are in a mature stage in Vaisjeäggi, the

study areas differed in some of the microhabitat char-

acteristics. In Ferdesmyra, sampled palsa hummocks

were between 30 cm and 1.5 m and in Vaisjeäggi

between 1 and 1.5 m in height. In Vaisjeäggi, the wet

habitats sampled were internal meadows dominated

by Carex spp. At the Ferdesmyra study site, there were

no internal meadow types of microhabitat adjacent to

palsa hummocks, but thermokarst pools were abundant.

These pools were formed by thawing permafrost, and

have been overgrown by Sphagnum spp. Eriophorum spp.

was a dominant vascular plant in the pools.

At the Ferdesmyra study site, study plots were first

established in all existing palsa hummocks (N�5). After

that, next to each palsa hummock, one non-permafrost

hummock plot and one thermokarst pool plot were

chosen. One moss/soil sample of 15 cm in diameter and

5�6 cm thick, was taken in each study plot, resulting

in five replicates from all three microhabitat types, 15

samples in total. Samples were taken on 8 August 2012.

In Vaisjeäggi, 15 sampling plots, representing the three

microhabitats, were established along a transect set at

the south-western edge of the mire. First, study plots

were established on top of five separate palsa hummocks.

After that, five internal meadow sites and five non-

permafrost hummocks were chosen in a random manner,

resulting in 15 study plots. Two 10 cm diameter and

5�6 cm thick peat samples were taken in each study plot.

From the internal meadow microhabitat in Vaisjeäggi,

only four samples were analysed because one sample was

damaged. Samples were taken on 6 August 2011 and

9 August 2012. Samples were originally collected for

two different projects, but later on data sets from the

two mires were combined. For this reason, sample sizes

were different between the Vaisjeäggi and Ferdesmyra

study areas.

Samples were transported to Turku, Finland, where

extraction in Tullgren-Berlese type funnels started within

48 h after sampling. Funnels were run for 8 days, until

all samples were dry. Oribatid mites were sorted from

samples under a microscope, and stored in 75% ethanol.

Adult mites were identified to species or genus level

using light microscopy. They were cleaned in lactic acid

before identification. Identified material was stored in

the Zoological Museum of the University of Turku. The

nomenclature used in this paper follows Weigmann

(2006).

Field measurements

The percentage of vegetation coverage around the

sampling plots was measured by using vegetation quad-

rats of 0.5 m2 in size. Moisture content was detected

from a soil/peat sample taken from each study plot.

Samples were dried in 358C and moisture content was

calculated as the difference in sample weight before and

after drying (fresh weight minus dry weight). The sample

pH was measured in the laboratory using dried and

sieved soil (one sample per sampling plot) mixed with

distilled water solution (100 ml water, 10 ml dried soil)

using a Precisa 900 pH meter (Dietikon, Switzerland).

Soil pH could not be detected for thermokarst pool

samples because samples contained solely Sphagnum,

and water pH measurements were not available.

Data analysis

To compare moisture content and pH between micro-

habitats, analyses of variance was performed. Differences

in vegetation coverage, moisture and pH between micro-

habitats are shown in Tables 1 and 2. Differences in

abundance of species/genera between the microhabi-

tats and study locations (Vaisjeäggi and Ferdesmyra)

were compared using a generalized linear mixed model

(GLMM) Proc Glimmix procedure with Tukey-Kramer

post-hoc multiple comparisons for microhabitat pairs.

Because the sample size was different in the two study

areas, a standardized abundance data*number of in-

dividuals �0.01/100 cm2*was used in the analysis.

A small number (0.01) was added to the original values

to omit the zero abundance values. Because the data

was not normally distributed, and did not fit Poisson or

negative binomial distribution, a gamma distribution was
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used in the analyses. Species/genera, which occurred in

six or more study plots were included in the analyses.

In Vaisjeäggi, the Proc Glimmix procedure was also used

to test yearly variation in species abundance. In this

analysis, original values and negative binomial distribu-

tion were used.

To illustrate the differences in oribatid mite community

composition between microhabitats, non-metric multi-

dimensional scaling (NMDS) was performed. Bray-Curtis

similarity index was used. To minimize the effect of

different sample sizes in the two study areas, relative

abundance (% of total) of each taxon was calculated

for each sample and the relative abundances were used

in the analyses.

NMDS analysis and microhabitats characteristics com-

parisons were done with PAST version 2.17 software

(http://folk.uio.no/ohammer/past/). Other analyses were

performed with SAS version 6.1 software.

Results

The data consisted of 8101 specimen of Oribatida, which

were identified to species or genus level. Altogether,

28 species and 30 genera were identified. These belonged

to 20 families. The number or genera was bigger than

number of species because some of the Oribatida were

identified only to genus level.

The mean overall abundance of oribatid mites was

highest in palsa hummocks, second highest in non-

permafrost hummocks, and lowest in wet microhabitats

(Table 3). Differences in overall abundance were sig-

nificant between palsa and wet microhabitats (Tukey-

Kramer test p�0.003; Table 3). There was no differ-

ence in Oribatida abundance between the years in

Vaisjeäggi (GLMM; p�0.05). One species, Scheloribates

initialis, was more abundant in 2011 than in 2012

(GLMM; p�0.04).

Six species*Carabodes labyrinthicus, Tectocepheus velatus,

Neoribates aurantiacus, Ceratozetes thienemanni, Eueremaeus

silvestris and Camisia biurus*were more numerous in palsa

microhabitats than in non-permafrost hummocks (Tukey-

Kramer test; Table 3). Conchogneta traegardhi, Carabodes

subarcticus, Carabodes marginatus and Euphthiracarus spp.

were significantly more abundant in non-permafrost

hummocks than in palsas (Tukey-Kramer test; Table 3).

Palsa hummock and non-permafrost hummock micro-

habitats were both dominated by T. velatus. Carabodes

labyrinthicus was the second most abundant species in

palsas (Fig. 1; Table 3). In Vaisjeäggi, Melanozetes mollicomus

was the most abundant species in non-permafrost hum-

mock microhabitats (23.5%), but in Ferdesmyra, it was

more numerous in palsas than in non-permafrost hum-

mocks. Tectocepheus velatus was the most common species in

the study areas. In Ferdesmyra, the relative abundance of

T. velatus was 50% of all specimens identified from palsa

and 24% from non-permafrost hummocks (Fig. 1). In

Vaisjeäggi, 29.5% of individuals identified from palsa mi-

crohabitats were T. velatus and 24.4% were C. labyrinthicus.

Wet microhabitats were dominated by Limnozetes ciliatus,

Platynothrus peltifer and Oppiella spp. (Fig. 1; Table 3).

Conchogneta traegardhi, T. velatus, and C. biurus were

significantly more abundant in Ferdesmyra than in

Vaisjeäggi (Table 3). Melanozetes mollicomus, M. meridianus,

Chamobates borealis, C. thienemanni and S. initialis were

Table 1 Microhabitat characteristics: mean moisture content per 1 g sample and pH with standard error of the mean, dominant vegetation and mean

percentage of coverage of open area covered by Sphagnum or Cladina and mosses common in hummocks (Polytrichum strictum, Dicranum spp.).

Study area Habitat Moisture content pH Dominant plant Coverage % Sphagnum Cladina�moss

Ferdesmyra Palsa hummock (decaying) 0.6490.01 3.4990.09 Empetrum hermaphroditum 0 39.3

Non-permafrost hummock 0.7090.01 3.7990.11 Rubus chamaemorus 0 0.5

Thermokarst pool 0.9490.01 � Eriophorum spp. 86.6 0

Vaisjeäggi Palsa hummock (mature) 0.6290.02 3.5690.11 Empetrum hermaphroditum 0 37.0

Non-permafrost hummock 0.7290.02 3.9590.14 Rubus chamaemorus 0 13.7

Internal meadow 0.9190.01 4.7190.38 Carex spp. 40.3 0

Table 2 Analyses of variance test results for pH and moisture content comparisons between microhabitats.

Microhabitat comparisons p

Ferdesmyra Vaisjeäggi

Overall PAa vs. NPb NP vs. WEc PA vs. WE PA vs. NP NP vs. WE PA vs. WE Location effect

pH 0.013 nsd � � ns 0.04 0.002 ns

Moisture B0.001 0.02 B0.001 B0.001 B0.001 B0.001 0.001 ns

aPalsa. bNon-permafrost hummock. cWet microhabitat. dNot significant.
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more abundant in Vaisjeäggi (Table 3). For S. initialis, the

differences in abundance are simply the effect of sampling

year, as it was more abundant in 2011.

On the basis of visual interpretation of the NMDS

configuration, there are distinct Oribatida communities

in permafrost-underlain microhabitats in palsa mires.

This is clear in Vaisjeäggi: Oribatida assemblages of palsa

hummocks are located at the upper left corner of the

configuration and samples taken from non-permafrost

hummocks at the lower left corner. In the Ferdesmyra

study area, assemblages of non-permafrost hummocks

are closer to palsa hummock microhabitat assemblages

than in Vaisjeäggi (Fig. 2).

Discussion

In palsa mires, climate change is likely to change the

microhabitat ratio. Karlgård (2008), Bosiö et al. (2012)

and Fronzek (2013) have predicted that the area covered

by dry hummock microhabitats, such as palsas, will

decrease remarkably during the coming decades in palsa

mires. During the 21st century, a shift toward graminoid

and carpet moss vegetation dominance is expected (Bosiö

et al. 2012), and wet areas dominated by graminoids

are predicted to increase to cover 80�87% of palsa mire

areas by 2050 (Karlgård 2008). The area where climatic

conditions are suitable for palsa occurrence will shrink

Table 3 Mean abundance of Oribatida, 1000 individuals/m2 9SE, in three microhabitat types, the results of Tukey-Kramer test of multiple comparison

of microhabitats, and a test of differences in abundances between two sampling areas.

Mean abundance Microhabitat comparison p
Location

Species/genera PAa NPb WEc PA vs. NP PA vs. WE NP vs. WE effect p

All individualsd 27.8592.92 20.0191.91 13.1693.69 nse 0.003 0.07 ns

Tectocepheus velatus (Michael 1880) 11.7691.92 2.8090.88 0 B0.0001 B0.0001 B0.0001 0.005

Carabodes labyrinthicus (Michael 1879) 5.7391.29 0.1490.04 0 B0.0001 B0.0001 B0.0001 ns

C. marginatus (Michael 1884) 0.5290.23 1.5990.43 0 0.02 B0.0001 B0.0001 ns

C. subarcticus (Trägardh 1902) 0.2990.17 1.8990.41 0 B0.0001 B0.0001 B0.0001 ns

Oppiella spp. 2.9090.77 2.7890.56 7.092.79 ns ns 0.37 ns

Suctobelba spp. 1.6690.40 1.0590.32 0.0190.01 ns B0.0001 B0.0001 0.001

Melanozetes mollicomus (C.L. Koch 1902) 1.0090.41 2.5891.32 0.1190.06 ns 0.02 0.28 0.002

M. meridianus (Sellnick 1928) 0.1090.08 0.3290.22 0 ns B0.0001 B0.0001 B0.0001

Scheloribates initialis (Berlese 1908) 0.7390.23 0.7090.39 0.0190.01 ns B0.0001 0.02 0.02

Scheloribates sp. 0.2490.14 0.0890.06 0 � � � �
Neoribates aurantiacus (Oudemans 1914) 0.8390.32 0.0490.03 0 0.001 B0.0001 ns ns

Adoristes ovatus (C.L. Koch 1839) 0.2690.17 0.9490.36 0.0690.01 ns 0.0007 0.0001 ns

Camisia biurus (C.L. Koch 1839) 0.1590.10 0.0990.06 0 0.004 B0.0001 0.0006 B0.0001

C. solhoeyi (Colloff 1993) 0 0.0190.01 0 � � � �
Conchogneta traegardhi (Forsslund 1947) 0.1090.05 1.2490.69 0 0.0002 B0.0001 B0.0001 0.04

Eueremaeus silvestris (Forsslund 1956) 0.2690.12 0.0490.03 0 0.03 B0.0001 B0.0001 ns

Nanhermannia sellnicki (Forsslund 1958) 0.2690.07 0.6390.17 0.2190.18 ns 0.002 B0.0001 0.0003

Ceratozetes thienemanni (Willmann 1943) 0.3190.13 0.1590.08 0 B0.0001 B0.0001 B0.0001 B0.0001

Chamobates borealis (Trägardh 1902) 0.2190.11 0.7690.46 0 ns B0.0001 B0.0001 B0.0001

Diapterobates humeralis (Hermann 1804) 0.0690.02 0.0690.03 0.0490.03 ns 0.02 0.02 ns

Phthiracarus spp. 0.1590.08 0.3190.10 0.0590.04 ns 0.004 B0.0001 0.0006

Euphthiracarus spp. 0.0190.01 0.5590.21 0 B0.0001 0.03 B0.0001 0.0002

Heminothrus longisetosus (Willmann 1925) 0.0990.04 0.0590.02 0 ns B0.0001 B0.0001 0.04

Limnozetes ciliatus (Schrank 1803) 0 0 2.2591.59 ns B0.0001 B0.0001 B0.0001

L. rugosus (Sellnick 1923) 0 0 0.1090.04 � � � �
Platynothrus peltifer (C.L. Koch 1839) 0 0.0190.01 2.290.83 ns B0.0001 B0.0001 0.01

Neonothrus humicola (Forsslund 1955) 0.0490.03 0.0190.01 0 � � � �
Edwardzetes edwardsii (Nicolet 1855) 0.0190.01 0.0390.02 0 � � � �
Zetomimus furcatus (Pearce & Warburton 1906) 0 0.3190.20 0.3890.37 � � � �
Eupelops plicatus (C.L. Koch 1836) 0.0390.03 0.0390.03 0 � � � �
Porobelba spinosa (Sellnick 1920) 0.1590.10 0 0 � � � �
Pergalumna nervosa (Berlese 1914) 0.0190.01 0 0 � � � �
Nothrus pratensis (Sellnick 1920) 0 0.0190.01 0.6490.50 � � � �
Mycobates spp. 0.0290.02 0.0190.01 0.0490.04 � � � �
Damaeus spp. 0 0.0190.01 0.0190.01 � � � �

aPalsa. bNon-permafrost hummock. cWet habitat. dThe total abundance of oribatid mites in each microhabitat type. eNot significant.
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remarkably (Fronzek 2013). If annual mean tempera-

tures rise by 48C in comparison to the 1961�1990 period,

palsa hummocks will disappear entirely (Fronzek 2013).

Numerous studies address the effects of climate change

in oribatid mite communities in the Arctic and sub-Arctic

regions, for example, the direct effects of warming and

fertilization (Coulson et al. 1996; Sjursen et al. 2005a;

Hågvar & Klanderut 2009), the impact of altered freeze�
thaw cycles (Sjursen et al. 2005b; Konestabo et al. 2008),

and ice thaw in glaciers (Hågvar et al. 2009; see also

Ingimarsdottir et al. 2012). Palsa mires are identified as

‘‘early warning’’ ecosystems vulnerable to changes in

climate (Luoto, Heikkinen et al. 2004). Therefore the

present study can add a deeper understanding of the

overall effects of climate change on sub-Arctic soil faunal

communities.

Even though interpretation of ordination figures is

subjective (Quinn & Keough 2002), the NMDS analysis

strengthens the idea that permafrost dynamics affect

the structure and species composition of Oribatida com-

munities (Fig. 2). This was particularly clear in Vaisjeäggi.

Differences in community composition are also demon-

strated in Fig. 1, which shows the dominance structure

of the Oribatida communities in different microhabitats.

The NMDS stress value was relatively high (0.11), but

still usable (see Clarke 1993). It should be noted that

wet microhabitats appear homogeneous because Oppiella,

which were abundant in wet habitats, were identified

only to genus level.

The overall abundance of Oribatida was highest in

palsa microhabitats. The differences were significant only

in comparison with wet microhabitats (Table 3). There-

fore, a loss of palsa hummocks may only have minor

impacts in overall abundance of oribatid mites in palsa

mires. Mean abundances were higher than values of

Oribatida abundance in Russian raised bogs (Zaitsev

2013), similar to abundances recorded from Caucasus

lowland bogs (Murvanidze & Kvavadze 2010) and lower

than in oligotrophic bogs in Norway (Solhøy 1979).

Fig. 1 Dominance structure of Oribatida in (a) Ferdesmyra mire and (b)

in the Vaisjeäggi mire.

Fig. 2 The non-metric multidimensional scaling ordination configuration

based on the Oribatida data collected in two mires. Symbols represent

sampling plots. Triangles represent sampling plots in palsa hummock

microhabitats, squares non-permafrost hummocks and diamonds wet

microhabitats. Black symbols represent Ferdesmyra and white symbols

Vaisjeäggi. Stress: 0.11.
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None of the species identified in this study occurred

exclusively in the palsa hummock microhabitat, which

suggests that a loss of permafrost would have a minor

effect on oribatid mite species diversity in the studied

sites. However, not all Oribatida were identified at a

species level, and further conclusions should not be

made. Even though most of the significant test results in

habitat effects were caused by differences in species

abundances between wet microhabitats and hummock

habitats (palsas and non-permafrost hummocks), the

results also indicate differences between permafrost-

underlain and non-permafrost hummock habitats. Nine

species showed microhabitat preferences between palsa

and non-permafrost hummocks habitats (Table 3). Sam-

pling location had also an effect in abundance of Limnozetes

ciliatus, Nanhermannia sellnicki, and Platynothrus peltifer.

This may be caused by the differences in wet microhabitats

sampled, as in Ferdesmyra wet microhabitat were more

pool-like than in Vaisjeäggi due to extensive permafrost

thaw (Table 3).

Tectocepheus velatus and Carabodes labyrinthicus were the

most numerous species in palsa hummock microhabitats

(Table 3; Fig. 1). Tectocepheus velatus, which was also

a dominant species in non-permafrost hummocks, is

a cosmopolitan species with wide habitat preferences

(Weigmann 2006). It is a pioneer species in many habitats,

such as glacier forelands and nunataks (Solhøy & Solhøy

2000; Hågvar et al. 2009; Ingimarsdottir et al. 2012;

Flø & Hågvar 2013), and the most widespread species

in Holarctic peatlands (Mumladze et al. 2013; see also

Sidorchuk 2008). Carabodes labyrinthicus has Holarctic

distribution (Karppinen & Krivolutsky 1982; Weigmann

2006) and is found in abundance in alpine heath (Solhøy

& Skartveit 1975), under tree bark (Volker 1986), in tree

canopies (Behan-Pelletier & Walter 2000), in the forest

floor and in decaying wood (Siira-Pietikäinen et al. 2008).

It is abundant in Cladina-lichen in mountain ecosystems

(Materna 2000) and in tundra (Sidorchuk 2009). Other

species, which were significantly more numerous in palsas

than in other microhabitats, are forest dwellers (Ceratozetes

thienemanni, Eueremaeus silvestris), forest-meadow dwellers

(Neoribates aurantiacus) or prefer variety of habitats

(Camisia biurus). Species, which were significantly more

abundant in non-permafrost hummocks, are found

both in forests and peatlands (Carabodes subarcticus, C.

margninatus), or mainly in forests (Conchogneta traegardhi;

Weigmann 2006; Huhta et al. 2012). Carabodes labyrinthicus,

N. aurantiacus and E. silvestris were more numerous in

palsa hummocks despite the sampling location (Table 3).

In palsa mires, these species may have permafrost-

indicator potential, and are also most likely to be affected

by a loss of permafrost-underlain microhabitats.

The main differences in community composition be-

tween permafrost-underlain and non-permafrost hum-

mocks were caused by a high number of C. labyrinthicus in

palsas. This finding is of interest because in high-latitude

ecosystems, which are relatively simple from a biodiver-

sity perspective, species loss or gain can have strong

impacts on ecosystem functions (Chapin & Körner 1995).

Even though the presence of permafrost hummocks in

palsa mires may not be an important factor maintaining

oribatid mite diversity, their loss can have important,

yet unknown, consequences in ecosystem functioning.

Single species can have an irreplaceable role in soil

systems (Laakso & Setälä 1999a, b). Siepel & Maaskamp

(1994) reported that presence of C. labyrinthicus had

negative effect on decomposition rates and CO2 produc-

tion in microcosm experiments. This finding is linked to

species traits. C. labyrinthicus is a herbofungivore, which

cannot digest chitin of fungal cell-walls. Feeding solely

on fungal cell contents had negative impact on fungal

activity, which resulted in lower decomposition rates

(Siepel & Maaskamp 1994). However, microcosm experi-

ments lack multiple species interactions. Also, spatial

and temporal effects, which may have a minor role in

microcosm, are very important in nature (Siepel &

Maaskamp 1994). The role of individual species in eco-

system functions is often ecosystem-specific (Bardgett &

Wardle 2010). Whether individual oribatid mite species

have effect on the ecosystem functions such as decom-

position and CO2 production in palsa mires, remains to

be studied.

Oribatid mites are known to show a high degree of

microhabitat preferences and trophic niche partitioning

(Schneider et al. 2004; Erdmann et al. 2007; Maraun

et al. 2011; Nielsen et al. 2012). Schneider et al. (2004)

reported that species in the genus Carabodes had distinct

stable isotope signals of nitrogen, indicating the species

to occupy different trophic niches. The finding that

morphologically similar species can have very different

diets, highlights the importance of species-level identifi-

cations in Oribatida studies. Recently Mumladze et al.

(2013) concluded that the composition of the peat bog

oribatid community at a local scale is a function of inter-

specific interactions, in particular food-niche differentia-

tion. Permafrost thaw is likely to alter these interactions

because environmental changes can cause shifts in func-

tional space occupation in a community (see Mouillot

et al. 2013). After environmental change, species with

traits that are poorly adapted to the new environ-

ment may disappear, and colonization by better-adapted

species is likely to occur (Mouillot et al. 2013). In palsa

mires, permafrost thaw and decrease of permafrost-

underlain microhabitats may lead to dominance of
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generalist, peatland-specialist and hydrophilous oribatid

mite species.

Finally, several studies have reported a high degree of

unknown patterns in spatial variability of oribatid mites

(Caruso et al. 2012; Nielsen et al. 2012; Franklin et al.

2013), and that sampling effort has remarkable effect on

biodiversity investigations of Oribatida (Franklin et al.

2013). Therefore, a study with finer microhabitat resolu-

tion (separation among lichen, ericaceous plants, dif-

ferent moss types etc.) with all Oribatida individuals

identified to species level would be necessary to deter-

mine the small-scale distribution patterns of oribatid

mites in palsa mires, and to study the links between

oribatid mite community composition and vegetation

structure. A comparative study of oribatid mite com-

munities of palsa mires and other sub-Arctic mire

types, especially aapa mires, would also contribute to

our understanding of the effects of permafrost thaw

in oribatid mite diversity in northern peatlands. This

study revealed that permafrost dynamics are an impor-

tant factor structuring oribatid mite communities in sub-

Arctic palsa mires.
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Hågvar S., Solhøy T. & Mong C.E. 2009. Primary succession

of soil mites (Acari) in a Norwegian glacier foreland, with

emphasis on Oribatid species. Arctic, Antarctic, and Alpine

Research 41, 219�227.

Hansen R.A. 2000. Effects of litter habitat complexity and

composition on a diverse litter microarthropod assemblage.

Ecology 81, 1120�1132.

Hansen R.A. & Coleman D.C. 1998. Litter complexity and

composition are determinants of the diversity and species

composition of oribatid mites (Acari: Oribatida) in litterbags.

Applied Soil Ecology 9, 17�23.

Hofgaard A. 2003. Effects of climate change on the distribution and

development of palsa peatlands: background and suggestions for a

national monitoring project. NINA Project Report 21. Trondheim:

Norwegian Institute for Nature Research.
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