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Abstract  

Mosses form important ecosystems for many organisms and these systems can be referred 

to as the bryosphere. Invertebrates form a food web within the bryosphere and facilitate the 

break down of detritus and therefore play a significant role in ecosystem nutrient cycling. 

Trophic cascades and top-down control are important elements in community dynamics 

and the effects of environmental changes on trophic cascades in food webs depend on 

which trophic level is most greatly affected. Global warming is a present danger and could 

have a drastic impact on current and future ecosystems. The objective of this experiment 

was to determine the effects of temperature on the meso- and microfauna associated with 

the moss Racomitrium lanuginosum and to analyse the structure and composition of the 

communities within the bryosphere. The experiment was carried out in the spring of 2019 

but the samples were collected in November 2018 at Þingvellir, Iceland and stored at 4°C. 

Seven samples were collected and split in two, one half went into an 8°C chamber and the 

other into a 20°C chamber. After two months the samples were taken out of the chambers 

and divided into two segments, the green, photosynthetically active upper segment and the 

brown, decaying lower segment, to study the differences between them. The experiment 

demonstrated that increasing temperature does have an effect on some taxa but the effects 

were different and not equally strong on all of them. Protists and nematodes were 

significantly affected by temperature and both favour 20°C over 8°C while mites and 

collembolas (springtails) were negatively affected by increasing temperature. Increased 

temperature was negatively affecting the abundance of the top predators (mites, 

collembolas and tardigrades), and positively increasing the abundance of first-level 

predators (nematodes and rotifers), while the top predators were shown to have a direct 

negative impact on the abundance of the first-level predators, fungi and cyanobacteria. 

Increased abundance in the first-level predators had a negative effect on the abundance of 

cyanobacteria but a positive effect on the abundance of protists. 

 

 

 



 

 

Útdráttur  

Mosar mynda mikilvæg vistkerfi fyrir margar lífverur og hægt er að kalla þessi kerfi 

mosahjúpinn. Hryggleysingjar innan mosahjúpsins spila mikilvægt hlutverk í 

næringarhringrásinni og þar með auðvelda þeir niðurbrotnu efni að komast aftur í 

næringarhringrás vistkerfisins. Fæðuþrepaskrið og toppstjórnun eru mikilvægir þættir í 

hreyfingarfræði samfélaga og áhrif umhverfisbreytinga á fæðuþrepaskrið í fæðuvefjum 

velta á því hvaða fæðuþrep verður fyrir mestum áhrifum. Hnattræn hlýnun er stórt 

vandamál sem við stöndum frammi fyrir og gæti haft gríðarlega mikil áhrif á núverandi 

og framtíðar vistkerfi. Markmið þessarar rannsóknar var að ákvarða áhrif hitastigs á 

mesó- og míkrófánuna sem lifir í mosanum hraungambra (Racomitrium lanuginosum) 

og að greina byggingu og samsetningu þeirra samfélaga sem í honum búa. Rannsóknin 

var framkvæmd vorið 2019 en sýnasöfnun fór fram í byrjun nóvember árið 2018 á 

Þingvöllum. Sjö sýni voru tekin og geymd við 4°C. Við upphaf tilraunar var hverju sýni 

skipt í tvennt, einn helmingur fór í 8°C skáp og hinn fór í 20°C skáp. Eftir tvo mánuði 

voru sýnin tekin úr skápunum og þau klippt í tvo parta, í græna efri partinn og brúna 

neðri partinnn, til þess að rannsaka muninn á milli þeirra. Rannsókinin sýndi að aukið 

hitastig hefur áhrif á suma lífveruhópa en áhrifin voru mismunandi og ekki eins mikil á 

þá alla. Aukið hitastig hafði marktæk áhrif á fjölda frumdýra og þráðorma í mosanum, 

þar sem meira fannst af þeim í 20°C en í 8°C, en það hafði neikvæð áhrif á fjölda mítla 

og stökkmors. Aukið hitastig hafði neikvæð áhrif á fjölda topp-afræningja (mítlar, 

stökkmor og bessadýr) og jákvæð áhrif á fjölda fyrsta stigs afræningja (þráðormar og 

hjóldýr), á meðan topp-afræningjar höfðu neikvæð áhrif á fyrsta stigs afræningja, sveppi 

og blágrænar bakteríur. Aukinn fjöldi fyrsta stigs afræningja hafði neikvæð áhrif á 

fjölda blágrænna baktería en jákvæð áhrif á fjölda frumdýra. 
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Introduction 

Mosses are important components of many ecosystems since they contribute considerably 

to aboveground plant leaf area (Bond-Lamberty & Gower 2007) and biomass and are vital 

factors in ecosystem processes (DeLucia et al. 2003), particularly the global carbon cycle. 

Mosses and cyanobacteria often have a symbiotic relationship and together are the largest 

source of nitrogen fixation in many ecosystems (Turetsky 2003).  

 In addition to cyanobacteria, mosses host different communities of small animals and 

other organisms, such as mites, tardigrades, nematodes, bacteria and fungi, and these 

systems can be referred to as the bryosphere. Lindo & Gonzalez (2010) define the 

bryosphere as "the combined complex of living and dead moss tissue and associated 

organisms, representing a tightly coupled system of both above and belowground 

processes." Invertebrates within the bryosphere likely play a significant role in nutrient 

cycling and therefore facilitate the return of detritus to ecosystem level nutrient cycling. 

Accumulated debris in the bryosphere is then broken down by fungi and bacteria (Glime 

2017).  

 Trophic cascades and top-down control, where predatory organisms regulate 

organisms lower in the food web, are important elements in community dynamics (Kardol 

et al. 2016). It is suggested that the relative importance of top-down and bottom-up control 

by the availabilty of resources depends on environmental context (Hunter & Price 1992; 

Chase 2003). Nonetheless, the effects of the environment on trophic cascades are quite 

complicated since environmental factors can act upon some, or in fact, all of the trophic 

levels involved in the cascade. Some models predict that increasing nutrients intensify 

trophic cascades by prompting organisms at higher trophic levels, while other models 

predict opposite effects, that is, enrichment of nutrients and increased availability may 

favour better defended prey organisms (Leibold 1996). The effects of environmental 

changes on trophic cascades in food webs depend on which trophic level is most greatly 

affected, i.e. the predators high in the food web (Lang et al. 2014), the decomposers of 

organic matter lower in the food web (Lensing & Wise 2006) or the photoautotrophs such 

as cyanobacteria (Kardol et al. 2016). This highlights the importance of testing the effects 

of environmental factors, such as temperature, on trophic cascades in the bryosphere. 
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Moreover, it is important to consider that the different communitites inhabiting the 

bryosphere might be found in different parts of the moss shoot. Mosses are very diverse 

plants but their general structure is a vertical stem split into an upper "green" 

photosynthetically active zone which is alive and growing, and a lower "brown" zone 

which is dead or decaying (Lindo & Gonzalez 2010). The relative proportions of these two 

parts differ between moss species (Oechel & Van Cleve 1986) and the development stage 

of the moss community (Yanoviak et al. 2004). The differences between these two zones 

could possibly influence the community composition within the moss.   

 The effects of temperature on the bryosphere food-web structure (diversity) and 

composition (abundance) remains unknown, which is why it is important to research these 

effects since global warming is imminent and could have a drastic impact on current and 

future ecosystems. In the present study, I tested the hypothesis that temperature has an 

effect on abundance and diversity of the meso- and microfauna associated with the moss 

Racomitrium lanuginosum, and that this effect is different between the photosynthetically 

active and the decaying zones of the moss. In order to do so I collected moss samples, split 

them in two and put the halves into two incubation chambers with different temperatures. 
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Materials and methods 

Sample collection 

On 7 November 2018 seven samples of the moss Racomitrium lanuginosum (Hedw.) Brid. 

were collected in post-glacial lava fields at 120 m above sea level within Þingvellir 

National Park, Iceland. R. lanuginosum can form up to 20 cm thick mats which are green 

or yellowish when moist but grey when dry. It grows in various places, such as lava fields, 

low altitude areas and high altitude areas, such as mountains (Bjarnason 2018). Each 

sample site was randomly chosen by throwing a small knife behind my back and sampling 

where it landed. Each sample was approximately 22x15x8 cm in size. The samples were 

then stored at 4°C for 40 days.  

 

 

Figure 1. A sample taken at Þingvellir, no. 6 (out of 7). 

 

Experimental set-up 

Each sample was divided longitudinally in two equal parts, and one half was put into an 

8°C incubation chamber and the other into a 20°C chamber for two months at 80% relative 

humidity and light intensity of 3790 lux in order to check the effects of temperature on the 

bryosphere. The samples were watered once a week until saturation, i.e. until the moss 

could not retain more water. After two months the samples were taken out of the chambers 



4 

and cut in two, at the intersection of the photosynthetically active and the decaying zones  

(where the green part and the brown part met), and 20 g of fresh weight of each segment 

collected. The length of the two segments was highly variable between samples but the 

upper green segment was always longer than the lower brown segment. Then the samples 

were 28 in total and each of those treated the same.  

 

Assessment of the bryosphere fauna 

In order to collect the larger animals (collembolas, mites, insects) from the moss, the 

Baermann funnel technique was used (Fig. 2) where each moss sample was placed on a 

mesh (2x2 mm) inside a funnel under a strong light intensity (>20.000 lux) for 48 hours at 

35.2°C  0.9. The sample locations under the light source were randomized to avoid a 

batch effect. Under the funnels were tubes containing 5 mL of 97% ethanol in which the 

mesofauna was collected since they flee the strong light.  

 

 

Figure 2. The setup for the extraction of the mesofauna using the Baermann funnel technique. 
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This step was done in two randomly selected batches. The moss samples had completely 

dried up after this process and were then weighed to get their dry weight. The mesofauna 

samples were kept at 4°C until they were examined under a stereo microscope (Leica 

M125) where each taxa and the number of individuals within them was counted. The 

number of individuals was expressed per gram of moss dry weight. 

 After the 48 hours the dry moss samples were stored at 4°C until they were 

processed further. To assess the microfauna each dry moss sample was split in two and 

placed in a 50 mL falcon tube along with 40 mL of distilled water and the tubes shaken 50 

times. Then the tubes were centrifuged for 15 minutes at 3000 rpm so the microfauna 

would accumulate down at the bottom. 3 mL from the bottom of the falcon tubes were 

pipetted into a small petri dish and examined under a microscope, so there were two petri 

dishes for each moss sample. The microfauna was given 30 minutes to recover from the 

centrifugation before it was examined. The assumption was that all of the microfauna was 

extracted from the moss in these 3 mL. A light microscope from Leica (Leica DM6000 B) 

was used, along with the computer program Leica Application Suite, to count the number 

of taxa in the microfauna and the number of individuals within them by creating a 10x8 

rectangle grid in the computer program and counting inside every other rectangle. To 

calculate the number of individuals of each taxa in each sample, the observed number of 

individuals was divided by 80 (the total number of rectangles used in two petri dishes), that 

number divided by the area of one grid rectangle (2.57x1.92 mm) and that number 

multiplied by the area of the two petri dishes (2141.65 mm2). The number of individuals 

divided by the dry weight of the moss sample gives the number of individuals per gram of 

dry weight of moss which was used in the analysis of the data. The classification of the 

discovered taxa was done according to Lindo & Gonzalez (2010) (Table 1). 

   

Data analysis 

The analysis of the data was done by using R version 3.3.2 (www.r-project.org/). Box-Cox 

from the package "car" (Fox & Weisberg 2011) was used to check if the data needed to be 

transformed, if so then it was transformed appropriately. I tested the effect of temperature 

treatment, moss zone (segment) and/or their interaction on the abundance of the different 

taxa using a linear mixed model from the package "lme4" (Bates et al. 2015). To account 

for confounding effects from the 7 moss patches, the moss sample was nested in the initial 

moss patch and used as a random effect. 
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 Two kinds of linear mixed effect models were fitted in order to find the best one, one 

where the interaction between the fixed effects was present and one with no such 

interaction. The Akaike Information Criterion (AICc), which is an estimator of the best-

fitting model for a given set of data, was used to determine which model was better using 

the package "MuMIn" (Barto'n 2018). If there was a significant difference between the two 

AICc values then the model with the smaller value was used. If the AICc values were not 

significantly different then the simpler model was used, i.e. the one without the interaction. 

Type III sums of squares was used to calculate F- and p-values. 

 Abundance data from my colleague Björgvin Helgason on fungi and cyanobacteria in 

the same moss samples was gathered in order to explore the effect of temperature on 

community structure and diversity and the difference between the two moss segments  

(Helgason 2019). One taxa (the insects) had very few individuals in the samples so it was 

removed prior to the community analysis. The community structure was visualised in a 

Non-metric multi-dimentional scaling (NMDS) ordination plot based on Canberra distance 

(-diversity metric). The effect of temperature and moss segment on the community 

structure was tested by CCA (Constrained Correspondance Analysis) and visualised in the 

NMDS plot by overlaying the environmental (treatment) vectors. To estimate the effect of 

temperature treatment, moss segment and their interactions on the Canberra metric an 

analysis of variance using distance matrices (Adonis) was used. A strata to block the moss 

samples nested in the initial moss patch was used. Canberra distance, NMDS and CCA 

ordination, and the Adonis test were done using the package  "vegan" version 2.4.5 

(Oksanen et al. 2017). To test if there was a significant difference in taxa richness between 

the different treatments, a one-way ANOVA was performed, means were then compared 

using Tukey's HSD (honest significant difference) post hoc test to determine between 

which ones. Structural equation model (SEM) (Grace et al. 2015) was constructed to 

investigate the effects of temperature on different taxa. Two latent factors were created for 

the top predators (collembolas, mites and tardigrades), and for the first-level predators 

(nematodes and rotifers). Cyanobacteria, protists (protozoa and algae) and fungi were 

classified as prey (Glime 2017). The effect of temperature on predator groups was tested, 

and subsequently the effects of the two predator groups on protists and cyanobacteria were 

assessed, and of the top predators on fungi. The package "lavaan" (Rosseel 2012) was used 

to create the model and the package "semPlot" to visualize it (Epskamp 2015).  
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Results 

7 taxa were discovered and identified in the moss (Table 1). Protists was the most abundant 

taxa in the moss. They were abundant in both temperatures and both segments. The least 

abundant taxa was the insects but they were also found in both segements and 

temperatures. Tardigrades were only discovered in the upper segment and was the only 

taxa not to be discovered in every treatment. 

 

 

 

 

 

 

 

 

 

 

The taxa were analysed seperately to determine if temperature or segment had an effect on 

their abundance. 

 

 

 

Protists 

The abundance of protists did not differ significantly between the two moss segments 

(Figure 3, Table 2) while temperature had a significant effect (Figure 4, Table 2). The 

number of protists per g dry weight of moss incubated at 20°C was 1.6 times larger than in 

moss incubated at 8°C (1127.55  281.73 standard deviation and 701.75  281.41 protists 

respectively). There was no significant interaction between segment and temperature.  

Mesofauna Microfauna 

Collembolas 

(Springtails) 
Protists 

Mites Rotifers 

Insects Nematodes 

 Tardigrades 

Table 1. The classification of the discovered taxa. 
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Figure 3. The number of protists per g dry weight of the moss Racomitrium lanuginosum, in each segment. 

The box represents the first and third quartile of the data, the black line represents the median and the error 

bars are showing the minimum and maximum values. 

 

 

 

 

 

 
Figure 4. The number of protists per g dry weight of the moss Racomitrium lanuginosum, in each 

temperature. Boxplot explanation in Figure 3. 
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Nematodes 

The abundance of nematodes differed significantly between the two moss segments and the 

two temperatures (Figure 5, Table 2). Nematodes were more abundant in the upper 

segment (1.99 times more abundant in the upper segment compared to the lower segment 

(7.18  5.71 and 3.61  1.98 nematodes respectively)) and also at 20°C (2.88 times more 

abundant at 20°C compared to 8°C (8.01  5.13 and 2.78  1.54 nematodes respectively)). 

There was also a significant interaction between segment and temperature. The number of 

nematodes per g dry weight of moss was by far greatest in the upper segment at 20°C 

(11.87  4.28), while they were similarly abundant in the lower segment at 8°C, the upper 

segment at 8°C and the lower segment at 20°C (3.06  1.95, 2.49  1.67 and 4.15  2.00 

nematodes respectively). 

 

 

 
Figure 5. The number of nematodes per g dry weight of the moss Racomitrium lanuginosum, in each segment 

and temperature treatment. Boxplot explanation in Figure 3. 

 

 

 

Tardigrades 

The abundance of tardigrades was significantly different between the two segments (Figure 

6, Table 2) while temperature did not have a significant effect (Figure 7, Table 2). The 

mean number of tardigrades in the upper segment samples was 0.95 ( 1.68) while no 
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tardigrades were found in the lower segment samples. There was no significant interaction 

between segment and temperature. 

 

 
Figure 6. The number of tardigrades per g dry weight of the moss Racomitrium lanuginosum, in each 

segment. Boxplot explanation in Figure 3. 

 

 

 

 
Figure 7. The number of tardigrades per g dry weight of the moss Racomitrium lanuginosum, in each 

temperature. Boxplot explanation in Figure 3. 
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Rotifers 

The abundance of rotifers was significantly different between the two segments (Figure 8, 

Table 2) while temperature did not have a significant effect (Figure 9, Table 2). The 

number of rotifers per g dry weight of moss in the upper segment was 5.7 times larger than 

in the lower segment (3.66  2.53 and 0.64  1.70 rotifers respectively). There was no 

significant interaction between segment and temperature.  

 

 
Figure 8. The number of rotifers per g dry weight of the moss Racomitrium lanuginosum, in each segment. 

Boxplot explanation in Figure 3. 

 

 
Figure 9. The number of rotifers per g dry weight of the moss Racomitrium lanuginosum, in each 

temperature. Boxplot explanation in Figure 3. 
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Collembolas 

The abundance of collembolas was significantly different between the two segments 

(Figure 10, Table 2) while temperature did not have a significant effect (Figure 11, Table 

2). The number of collembolas per g dry weight of moss in the lower segment was 3.9 

times larger than in the upper segment (1.91  1.80 and 0.49  0.53 collembolas 

respectively). There was no significant interaction between segment and temperature.  

 

 
Figure 10. The number of collembolas per g dry weight of the moss Racomitrium lanuginosum, in each 

segment. Boxplot explanation in Figure 3. 

 

 

 
Figure 11. The number of collembolas per g dry weight of the moss Racomitrium lanuginosum, in each 

temperature. Boxplot explanation in Figure 3. 
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Mites 

The abundance of mites did not differ significantly between the two moss segments or the 

two temperatures (Figure 12, Table 2) but there was a significant interaction between 

segment and temperature. The number of mites per g dry weight of moss was smallest in 

the lower segment at 20°C (0.66  1.14), while they were similarly abundant in the lower 

segment at 8°C, the upper segment at 8°C and the upper segment at 20°C (2.76  3.78, 

1.09  0.83 and 1.56  1.31 mites respectively). 

 
Figure 12. The number of mites per g dry weight of the moss Racomitrium lanuginosum, in each segment and 

temperature treatment. Boxplot explanation in Figure 3. 

 

 

 

Insects  

The insects were very scarce in both segments (Figure 13) and temperatures (Figure 14) so 

no statistical tests were run on the data. The number of insects per g dry weight of moss in 

the lower and upper segments was 0.08  0.18 and 0.08  0.17 respectively, while it was 

0.06  0.12 and 0.10  0.21 in the 8°C and 20°C respectively.  
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Figure 13. The number of insects per g dry weight of the moss Racomitrium lanuginosum, in each segment. 

Boxplot explanation in Figure 3. 

 

 

 

 
Figure 14. The number of insects per g dry weight of the moss Racomitrium lanuginosum, in each 

temperature. Boxplot explanation in Figure 3. 
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Table 2. Results of the linear mixed models testing for significance of the effects of temperature, segment and 

their interaction on the abundance of the observed taxa. Significant p-values (< 0.05) are shown as bold 

numbers. 

Treatment/Taxa 
Degrees of 

freedom 
2-value p-value 

Temperature    

Protists 1 9.75 <     0.01 

Nematodes 1 25.12 <   0.001 

Tardigrades 1 0.28       0.60 

Rotifers 1 0.02       0.90 

Collembolas 1 1.23       0.27 

Mites 1 1.59       0.21 

Insects - -       - 

Segment    

Protists 1 0.49        0.48 

Nematodes 1 6.89 <     0.01 

Tardigrades 1 7.22 <     0.01 

Rotifers 1 33.01 <   0.001 

Collembolas 1 5.44        0.02 

Mites 1 0.25       0.62 

Insects - -       - 

Interaction    

Protists - - - 

Nematodes 1 10.78 <     0.01 

Tardigrades - - - 

Rotifers - - - 

Collembolas - - - 

Mites 1 5.37       0.02 

Insects - - - 

 

 

 

Bryosphere community composition and food web analysis 

The permutation test revealed that both temperature and segment have significant effects 

on the community composition associated with the moss (Table 3), and that segment was 

the most important factor explaining the observed difference between communities. 

 

Table 3. The results of the permutation test testing the effects of temperature, segment and their interaction 

on the community composition. 

Treatment 
Degrees of 

freedom 
F. model R2 p - value 

Temperature 1 2.19 0.05 0.0003 

Segment 1 12.32 0.30 0.0002 

Interaction 1 2.26 0.06 0.11 



16 

 

 
Figure 15. Dissimilarity in the bryosphere taxa community and effect of temperature and moss segment on 

the community composition associated with Racomitrium lanuginosum. NMDS plot derived from the 

Canberra distance between communities in the photosynthetically active (U) and decaying segment (L) after 

temperature treatment (8 and 20 °C) for the moss samples (black) and the different taxonomic groups (red). 

The blue overlay vectors are based on CCA of the community data and show the influences of temperature 

increase (from 8°C to 20°C) and moss segment (lower decaying segment compared to active upper segment) 

on the community composition of the samples. 
 

The NMDS ordination demonstrates how greatly temperature and segment affect the 

community composition associated with each sample (Figure 15). The upper and lower 

part samples (samples U vs L) were well separated along the first NMDS axis (NMDS1) 

which means that the community composition of the two segments were rather dissimilar 

(Figure 15). The effect of temperature was mainly explained by the second axis (NMDS2) 

where rather different community composition developed at 8°C and 20°C, respectively 

(Figure 15). Nematodes, tardigrades, rotifers, collembolas and cyanobacteria were all 

greatly influenced by the moss segment. They were mainly found in the upper 

photosynthetically active segment, except for the collembolas who were more abundant in 

the lower decaying segment. Protist and nematode abundance was found to be positively 

influenced by increased temperature, while mite and cyanobacteria abundance seems to be 

negatively affected by it (Figure 15). 
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 The results from the one-way ANOVA, to test if there was a significant difference in 

taxa richness between treatments, were that the number of taxa was significantly different 

between treatments (temperature and segment) (df = 3, 24, F = 16.76, p << 0.001). 

 

 
Figure 16. The abundance of taxonomic groups associated with Racomitrium lanuginosum per treatment, 

consisting of both temperature (8°C and 20°C) and segment (upper photosynthetically active and lower 

decaying part of the moss). The letters represent statistically different numbers of taxa from a one-way 

ANOVA followed by a Tukey-HSD test (p-value < 0.05).  

 

 

There was a significant difference in the number of taxa between all treatments except 

between the upper segment samples in the 8°C and the lower segment samples in the 8°C, 

and between the upper segment samples in the 8°C and the upper segment samples in the 

20°C (Figure 16). The taxa richness was on average more in the upper segment than in the 

lower segment. 

 

The SEM was constructed to investigate the relationships between bryosphere taxa, along 

with the effects of temperature on these relationships. The SEM conducted revealed that 

temperature was negatively affecting the abundance of the top predators, and positively 

increasing the abundance of first-level predators (λ= -0.50; λ= 0.56, respectively; Figure 

17). The top predators were shown to have a direct negative impact on the abundance of 

the first-level predators, fungi and cyanobacteria (λ= -0.51, λ= -0.53 and λ= -1.41, 



18 

respectively; Figure 17), while the protists seemed to benefit from them. Increased 

abundance in the first-level predators has a negative effect on the abundance of 

cyanobacteria but a positive effect on the abundance of protists (Figure 17). 

 

 

 

 
Figure 17. Structural Equation Model (SEM) showing the causal effect of temperature on the predator 

groups (top and first-level) and the consequences on the prey (cyanobacteria, protists and fungi). Green and 

red arrows indicate positive and negative pathways, respectively. Black lines point to the taxa within the 

predator groups. The numbers represent the intensity of the effect. 
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Discussion 

This experiment definitely showed some support for my hypothesis since temperature had 

an effect on some taxa. Protists and nematodes were significantly affected by temperature  

and both seem to favour 20°C over 8°C, so increasing temperature is possibly responsible 

for changes in abundance in many other taxonomic groups. With higher temperature, the 

metabolic rate of organisms is faster and therefore activity is increased, which could lead 

to faster reproduction (Gillooly et al. 2001). That could explain the difference in 

abundance between the two temperatures. Although temperature did not have a significant 

effect on the abundance of mites or collembolas they both seem to favour 8°C. 

Collembolas seem to favour the lower decaying segment, but they are known to migrate 

deeper into the moss, or into the soil, to avoid drought stress (Glime 2017). Collembolas 

are known to feed on tardigrades, which were only found in the upper segment, so the 

collembolas may have consumed all of them in the lower segments (Hyvonen & Persson 

1996; Heidemann et al. 2014). The nematodes were clearly most abundant in the upper 

segment in the 20°C but the mites were most abundant in the lower segment in the 8°C so 

they appear to have opposite preferences. Mites are predators of nematodes which could 

explain why the nematodes were more abundant in the upper segment, where mites were 

less abundant (Glime 2017). Some mites consume the moss they live in and prefer the 

upper zone, where the leaves are more nutritious (Glime 2017). The upper segment 

samples in both temperatures had almost the same number of taxa on average so 

temperature might not have such a strong effect on the diversity in the upper segment. The 

difference in diversity between the segments in the 8°C was close to significance (p = 

0.08) so maybe with more time or more samples there would have been a significant 

difference.   

 The SEM investigating predator-prey relationships and its mediation by temperature 

shows the effects of temperature on the different taxa and also their effects on each other. 

The positive effect of temperature on the first-level predators could result from the 

negative effect it has on the top predators, since that would decrease their negative impact 

on the first-level predators. Consequently, the abundance of protists would also increase 

with higher temperature since the first-level predators have a positive effect on them, 
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which supports the notion that protists favour 20°C more than in 8°C. Nematodes can feed 

on cyanobacteria which could explain the negative effect the first-level predators have on 

them (Tchan & Whitehouse 1953). The negative effect of the top predators on the first-

level predators could be explained by the fact that collembolas and mites both feed on 

nematodes so they could be influencing the abundance of each other (Hyvonen & Persson 

1996; Heidemann et al. 2014).   

 Some caveats have to be considered when interpreting the results of my experiment. 

The duration of this experiment was quite short, it was 2x shorter than an earlier similar 

study (Kardol et al. 2016) and that could have had an impact on the results. Another thing 

that could also have been a factor was the sampling date. The samples were collected in 

early November which is basically winter in Iceland so the soil was a bit frozen and that 

could have had an effect on the diversity and abundance of the taxa. However, there was 

no snow on the ground and the temperature was above 0°C. The counting of the 

microfauna was also quite difficult in some samples, especially the lower segment samples 

since they usually contained way more debris than the upper segment samples, as is 

demonstrated in Fig. 18. 

 

 

Figure 18. Microfauna samples in a microscope from the same original moss sample. The left one is from the 

upper segment of the moss and the right one from the lower segment. The photos illustrate how the samples 

can differ, in terms of debris. In the top right corner of the left photo is a nematode, and protists spread all 

around. The right one contains a lot more debris, but some protists are visible. 
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The debris possibly blocked some of the organisms in the sample so their numbers are 

possibly underestimated. The number of cyanobacteria was probably a huge 

overestimation since Björgvin Helgason (2019) put his samples in a blender before 

examining them. The blending process most likely split the bacterial filaments into many 

pieces but that step was completely necessary for the analysis of his samples. The insects 

taxa was not abundant in the samples so it may have made sense to remove it from the data 

from the beginning, but since they were discovered in a few samples I thought it was 

appropriate to include them.   

 It can be inferred from this experiment that rising temperature does have an impact 

on organisms associated with R. lanuginosum but the effects are different and not as strong 

for all taxa. The two moss segments seem to host somewhat different communities with 

particular preferences regarding living conditions, but perhaps with even more heat the 

organisms in the upper segment might migrate down into the lower segment to get to 

cooler temperatures. Such migrations could lead to drastic changes in the composition and 

structure of the communities within the bryosphere. Global warming is happening at an 

alarming rate and having irreversible effects on life on Earth. Further research on those 

effects is necessary to determine the impact of global warming on organisms and their 

interactions. 
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