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Rapid climate change in the Arctic is altering biological communities and their subse-
quent effects on ecosystem functioning. For example, warming-induced shrub expan-
sion accelerates biogeochemical cycles in part by increasing high-quality litter inputs. 
Likewise, warming may enable higher densities of wolf spiders, which are dominant 
invertebrate predators whose activities indirectly alter plant litter decomposition rates. 
Although shrubs and wolf spiders are responding to climate change simultaneously, it 
is unclear how more shrub litter and more spiders together will influence elemental 
cycling in Arctic ecosystems. To test how warming could influence these processes, we 
used a fully factorial mesocosm experiment to quantify effects of wolf spiders on litter 
decomposition of an expanding species of dwarf deciduous shrub Betula nana under 
ambient and warmed conditions. We found higher densities of wolf spiders were con-
sistently associated with more litter mass loss, and more C and N release regardless of 
warming treatment, indicating biotic interactions may be a stronger driver of short-
term B. nana litter decomposition than warming when wolf spiders are present. Our 
findings suggest the combined effects of warming-induced shifts in plant and arthro-
pod communities may further accelerate C and N cycling, which could cause positive 
feedbacks on Arctic shrub expansion.

Keywords: climate change, decomposition, nutrient cycling, shrub expansion, trophic 
cascade, wolf spiders

Introduction

Global climate change is altering ecosystems and the communities that inhabit them 
in countless ways (Grimm et al. 2013). Although responses by different species may 
have interactive effects on ecosystem functioning (Thakur 2020, Vandvik et al. 2020, 
Wang et al. 2023), studies tend to focus on single species responses (Weiskopf et al. 2020) 
which limits our ability to capture overall effects of climate change (Tylianakis et al. 
2008). Interactive effects of multi-species responses to climate change may be particu-
larly pronounced in the Arctic, where warming has been fourfold faster than the global 
average (Rantanen et al. 2022). Organisms across all trophic levels are responding to 
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this warming, ranging from plants to microbes to invertebrate 
and vertebrate animals (Deslippe et al. 2012, Bjorkman et al. 
2018, Davidson et al. 2020, Høye et al. 2021). How multi-
species responses affect ecosystem-level processes is highly 
relevant in this system, because Arctic soils store nearly half 
of the global pool of soil organic carbon (C) (Tarnocai et al. 
2009, Schuur et al. 2015, Crowther et al. 2019). Therefore, 
changes in species interactions that affect release of this C 
to the atmosphere could exacerbate global climate change 
(Schuur et al. 2015, Xue et al. 2016).

Rapid climate change in the Arctic has driven major 
shifts in plant productivity, community composition and 
phenology (Jia  et  al. 2003, Bjorkman  et  al. 2020). In par-
ticular, many Arctic and subarctic ecosystems are experi-
encing deciduous shrub expansion. Shrub expansion into 
areas historically graminoid-dominated (Tape  et  al. 2006, 
Mekonnen  et  al. 2021) has been attributed to a combina-
tion of drivers, including permafrost thaw, changes in soil 
and microclimate, enhanced microbial activity, and associ-
ated increases in nutrient availability (Sturm  et  al. 2005, 
Tape et al. 2006, Myers-Smith et al. 2011, Thompson et al. 
2017, Mekonnen  et  al. 2021, Dunleavy and Mack 2024). 
Areas with higher shrub densities have higher plant biomass 
but lower plant diversity as herbaceous and non-vascular veg-
etation are lost (Walker et al. 2006, Wilson and Nilsson 2009, 
Mod and Luoto 2016). Higher shrub densities may also lead 
to faster decomposition and higher turnover rates of carbon 
(C) and nitrogen (N) due to shrub litter having higher nitro-
gen content and lower C:N than some other tundra species 
(Hobbie 1996, Chapin and Shaver 1996, Hobbie and Gough 
2004, DeMarco et al. 2014a, 2014b, McLaren et al. 2017; 
although see Cornelissen et al. 2007). Some studies suggest 
higher rates of nutrient cycling and associated microbial 
activity could offset C sequestering benefits of higher plant 
biomass in shrub-dominated areas (Jonasson  et  al. 1999, 
Weintraub and Schimel 2005) and result in positive feedback 
to climate change (Crowther et al. 2016).

Arctic climate change is also altering the life history traits, 
population dynamics, community composition, and biotic 
interactions of arthropod communities (Høye 2020). These 
changes include direct and indirect responses to warming and 
other aspects of climate change. Disentangling these various 
effects is challenging - yet essential - for predicting changes 
in community dynamics and ecosystem functioning. For 
example, warming directly affects organismal metabolism 
(Kordas  et  al. 2022), but it also enables shrub expansion, 
which alters the resources, habitat structure, and microcli-
mate available to arthropods (Rich et al. 2013, Hansen et al. 
2016, Asmus et al. 2018). In wolf spiders, one of the domi-
nant invertebrate predators in the Arctic, responses to direct 
effects of warming may contrast with those of indirect effects 
on habitat-level changes. Specifically, although several studies 
suggest longer Arctic growing seasons will benefit wolf spi-
ders by increasing their fecundity (Høye et al. 2009, 2020), 
shrub expansion may negatively affect spider populations 
by reducing their preferred open-tundra habitat (Rich et al. 
2013, Hansen et al. 2016, Asmus et al. 2018).

How such direct and indirect responses to climate change 
play out is broadly relevant, because wolf spiders indirectly 
influence processes such as decomposition and nutrient 
cycling (Lensing and Wise 2006, Koltz et al. 2018b, 2024). 
Further, cascading effects of wolf spiders can vary depending 
on environmental context (Lensing and Wise 2006, Liu et al. 
2015, Koltz et al. 2018b). For example, in the Arctic, higher 
wolf spider densities led to more decomposition of grami-
noid litter under ambient conditions but less decomposi-
tion under experimental warming (Koltz et al. 2018b). This 
switch in the effects of wolf spiders on decomposition was 
explained by an apparent weakening of spider predation pres-
sure on their fungal-feeding Collembola prey under warming 
(Koltz et al. 2018b). Whether wolf spider activity similarly 
influences shrub litter decomposition has not been explored 
despite ongoing shrub expansion (Myers-Smith et al. 2011, 
Bjorkman et al. 2020) and potential future increases in wolf 
spider populations (Høye et al. 2009, 2020).

Deciduous shrubs and wolf spiders are widely distributed 
across the Arctic (Walker et al. 2005, Høye and Forchhammer 
2008, Wyant et  al. 2011, Koltz  et  al. 2018a) and have the 
potential to affect C and nutrient cycling (McLaren  et  al. 
2017, Koltz et al. 2018b). Both groups also seem to be ben-
efitting from climate change (Høye et al. 2009, 2020, Myers-
Smith  et  al. 2011, Mekonnen  et  al. 2021). Together, this 
makes deciduous shrubs and wolf spiders an excellent model 
for testing the consequences of multiple warming-induced 
species responses on ecosystem processes. We investigated 
the extent to which warming and predators affect short-term 
decomposition and C and N loss from litter of an important 
species of expanding shrub in the North American Arctic. 
Specifically, we used a fully factorial field mesocosm experi-
ment to test for potential interactive effects of wolf spiders 
and experimental warming on Betula nana leaf litter decom-
position during a single Arctic summer. Given previously 
published findings from this experiment showing warming 
reversed wolf spider effects on graminoid litter decompo-
sition (Koltz  et  al. 2018b, 2024), we expected to observe 
similar effects on shrub litter decomposition. Specifically, we 
expected increasing wolf spider densities to be associated with 
more B. nana litter decomposition under ambient conditions 
but less decomposition under the experimental warming 
treatment.

Material and methods

Site description
We conducted our experiment near Toolik Field Station 
(68°38′N, 149°43′W, elevation 760 m) on the North Slope 
of Alaska during June-July 2012. The mean annual tempera-
ture of this area is −10°C and annual precipitation ranges 
between 200–400 mm per year. Our experimental plots were 
located in moist acidic tundra, which is the dominant habitat 
type on the North Slope of Alaska (Raynolds  et  al. 2006, 
North Slope Science Initiative 2013). The vegetation com-
munity is dominated by the sedge Eriophorum vaginatum 
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with deciduous Betula nana and evergreen Rhododendron 
palustre, Vaccinium vitis-idaea shrubs in roughly equal abun-
dance and mosses forming nearly continuous cover (Shaver 
and Chapin III 1991, Williamson et al. 2024).

Experimental set-up
We used a fully factorial mesocosm experiment to experi-
mentally test for interactive effects of wolf spider density and 
warming on Betula nana litter decomposition. We focused on 
this dominant expansive deciduous shrub species because its 
leaves comprise a large fraction of surface litter in shrub dom-
inated areas, including at our own study site (DeMarco et al. 
2014a, 2014b). Five blocks were distributed in a homoge-
nous area of moist acidic tundra, with each block containing 
a plot for each of the six experimental treatments. The 1.5-m2 
mesocosms were constructed using aluminum flashing that 
was buried approximately 20 cm belowground and stood 
20 cm aboveground. Wolf spiders are not adept climbers, so 
these conditions were sufficient to contain the wolf spiders, 
surface-active detritivore community, and the belowground 
detritivore community. Mesocosms were assigned one of 
three wolf spider density treatments: low density, control 
density, and high density. Control densities simulated natural 
wolf spider densities (approximately 1.1 spider per m2) based 
on field surveys conducted in an area adjacent to our experi-
mental plots. For low density plots, we removed all wolf spi-
ders prior to the start of the experiment and maintained the 
treatment by periodically removing stray wolf spiders that 
had entered the plots throughout the course of the experi-
ment. High density treatments received enough wolf spiders 
to double the density of control plots at the beginning of the 
experiment and subsequently received additional wolf spi-
ders throughout the summer if densities declined. We used 
visual surveys at the end of the field season to confirm that 
plot-level wolf spider densities varied according to their pre-
assigned treatments (ANOVA: F2,27 = 21.85, p = < 0.0001), 
with average densities in high-density plots being 3.3 ± 0.47 
wolf spiders, control plots 1.8 ± 0.20 wolf spiders, and low-
density (removal) plots with 0.3 ± 0.213 wolf spiders each 
(Koltz et al. 2018b). In the year of our experiment, the wolf 
spider community in this habitat type around Toolik Lake 
was dominated by a single species (>95%), Pardosa lapponica 
(Koltz and Wright 2020).

Half of the mesocosms were experimentally warmed using 
ITEX open-topped warming chambers (OTCs), which are a 
common experimental method for passive warming in tun-
dra ecosystems. This approach typically increases mean day-
time air temperature by 1–2°C (Marion et al. 1997, Hollister 
and Webber 2000, Dollery et al. 2006, Alatalo et al. 2016, 
Christiansen et al. 2017, Hollister et al. 2023) and surface 
temperature by 1.27°C (Healey  et  al. 2016). OTCs were 
positioned over the mesocosm plots during the summers of 
2011 and 2012 immediately after snow melt (Koltz  et  al. 
2018b). In both years, the experimental warming treatment 
was in place from approximately mid-June to early August. 
To account for potential effects of experimental warming 
on soil moisture, we measured soil moisture at each litter 

bag location at the beginning, middle, and end of the field 
season using a HydroSense portable soil moisture probe 
(Campbell Scientific). We found there were no significant 
differences in average soil moisture (t = 0.833, df = 87, 
p-value = 0.407) between experimentally warmed and con-
trol plots.

Litter decomposition, carbon loss and nitrogen loss
We used litter bags to measure how experimental warming 
and wolf spiders affect litter mass loss, C loss, and N loss 
using Betula nana leaves that were collected locally from live 
shrubs in July 2010, air dried, and stored indoors at room 
temperature in paper bags. Prior to deployment in June 
2012, B. nana leaves were dried at 50°C for 48 h, weighed 
and loaded into 8 × 8 cm litterbags with approximately 0.75 
g litter. The litter content of each bag was recorded indi-
vidually. The initial litter mass in each litterbag sufficed for 
the duration of our short-term experiment (Parker  et  al. 
2018, Aguirre et al. 2024) without the risk of overexploita-
tion by decomposers. Litter bags had 3 mm mesh size to 
allow access by microarthropods. We deployed three repli-
cate litter bags at evenly spaced locations within each plot in 
early June 2012. This approach was used to avoid artifacts 
derived from the specific locations of the litterbags within 
plots, while providing redundancy in case of litterbag loss 
during the experiment. Litter bags were incubated for six 
weeks before being collected in late July 2012. This time-
frame was chosen to capture the effects of wolf spiders on 
decomposition during their peak activity period. One lit-
ter bag was lost from a high spider density, ambient tem-
perature plot, so that plot only had two replicates. After 
the 6-week incubation period, we removed litter from bags, 
cleaned off the debris, weighed and dried it at 60°C for 
72 h, and weighed it again to estimate percent mass loss 
and litter moisture content. Litter was then ground and C 
and N content measured at the Duke Environmental Stable 
Isotope Laboratory (DEVIL) using a Carlo-Erba NA1500 
elemental analyser feeding a Thermo Finnigan Delta Plus 
XL continuous flow mass spectrometer system. The % C 
and N contained within each sample were converted to 
mass based on the pre- or post-decomposition (initial and 
final respectively) sample weight and then % of C, N, and 
total mass remaining were calculated as follows:
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where %w/w represent mass percent of the element in a sam-
ple, whereas f and i represent final and initial values.

Analyses
We used linear mixed effects models (LMMs) to test for effects 
of the warming treatment, wolf spider density treatment, and 
their potential interaction on % litter mass remaining, % C 
remaining, and % N remaining. Each model included litter 
moisture content as a covariate and plot nested in block as 
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random factors. In all analyses, the interaction term between 
wolf spider density and the warming treatment was found 
to be non-significant; consequently, we removed it from all 
models, resulting in the following model structure:

DV Spider Density Warming

Litter Moisture 1 Block Plot

� �

� � ( | / )

where DV is the dependent variable (i.e. % remaining mass, 
C or N). The intercept was set as the low spider density 
and ambient temperature treatments. The % remaining lit-
ter mass data were log-transformed to meet the normality 
of residuals model assumption. We used the ‘nlme’ package 
(Pinheiro et al. 2025) in R for all analyses.

Results

We found significant and consistent treatment effects of wolf 
spider density on litter mass loss, litter C loss and litter N loss. 
Specifically, higher wolf spider densities were associated with 
less remaining litter mass, litter C and litter N (i.e. higher 
loss of all three variables) (Fig. 1, Table 1). Our model results 
indicate the experimental warming treatment did not sig-
nificantly affect litter mass, C or N loss (Table 1). However, 
although there were no significant interactive effects of wolf 
spider density and the experimental warming treatments, we 
did observe that under low wolf spider densities only, there 
was a trend towards higher litter mass, C and N loss in warm 
compared to control plots (Fig. 1). Higher litter moisture 
content was also associated with significantly more litter mass 
loss and more litter C loss (Table 1).

Discussion

Rapid warming in the Arctic is hastening elemental cycling 
by enhancing soil decomposer activity (Feng  et  al. 2020) 
and litter biomass and quality through shrub expansion 
(DeMarco et al. 2014a). Our results suggest wolf spiders may 
further accelerate these processes through their trophic inter-
actions that regulate decomposer communities. Specifically, 
our findings show predator densities can outweigh effects of 
experimental warming on short-term shrub litter decompo-
sition, C- and N-release (Fig. 1). This work resonates with 
other research showing wolf spiders indirectly influence 
decomposition (Lensing and Wise 2006, Liu  et  al. 2016, 
Koltz  et  al. 2018b) and plant-available soil N (Koltz  et  al. 
2018b, Wilder et al. 2024), suggesting this widespread inver-
tebrate predator may play an underappreciated role in driving 
C and N cycling that could contribute to positive feedbacks 
on shrub expansion.

Our findings align with a growing body of work show-
ing wolf spider activity is associated with more decomposi-
tion in a range of terrestrial ecosystems (Lawrence and Wise 
2000, Lensing and Wise 2006, Liu et al. 2016, Koltz et al. 
2018b). Although experimental warming did not alter wolf 
spiders influence on short-term decomposition in this study 
(Table 1), others have pointed to the context-dependency 
of these types of effects (Lensing and Wise 2006, Liu et al. 
2015, Koltz et al. 2018b). For example, in temperate decid-
uous and alpine forest sites, wolf spiders and other large 
invertebrate predators had a positive effect on tree leaf litter 
decomposition under low rainfall, but a negative effect under 
high rainfall (Lensing and Wise 2006, Melguizo-Ruiz et al. 
2020). The opposite was found in a tropical forest, where 
wolf spiders enhanced leaf litter decomposition in ambient 
conditions but slowed it under drought (Liu  et  al. 2015). 

Figure 1. Effects of wolf spider density on percent mass remaining (left), percent carbon remaining (center) and percent nitrogen remaining 
(right) from Betula nana litter. Litter was incubated over six weeks in the Arctic tundra under ambient (blue circles) and experimentally 
warmed (orange triangles) conditions. Error bars represent SE.
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Previously published results from this same experiment in the 
Arctic tundra after two summers showed more graminoid lit-
ter decomposition occurred with higher wolf spider densities 
but only under ambient temperatures; warming reversed this 
pattern and resulted in less decomposition when more spiders 
were present (Koltz  et  al. 2018b). These interactive effects 
of wolf spiders and warming were likely driven by changes 
in abundances of their Collembola prey (Koltz et al. 2018b) 
and possibly also in microbial community composition 
(Koltz et al. 2024). Given that Collembola densities varied 
among the experimental warming plots (Koltz et al. 2018b) 
but short-term shrub litter decomposition did not over the 
same period, the trophic cascade responsible for shrub litter 
decomposition here is still unclear. Characterizing the com-
position of the shrub litter-associated microbial communi-
ties may have provided further insights into the mechanism 
through which the spiders indirectly affected decomposition.

Although invertebrate activity is often slower in the Arctic 
due to cold conditions, we show wolf spider effects on shrub 
litter decomposition were detectable after a single summer. 
Wolf spiders have been found to influence decomposition on 
a similarly short timescale in a temperate forest (Lawrence 
and Wise 2000). However, it took 14 months to detect wolf 
spider and warming effects on belowground graminoid lit-
ter in our same experimental plots in the Arctic (Koltz et al. 
2018b, 2024). Previous work has suggested high resource 
quality of shrub litter could strengthen trophic interactions 
and enhance top–down control on decomposition (Thakur 
and Eisenhauer 2015). If so, the short-term effects of wolf 
spiders on shrub but not graminoid litter decomposition may 
be partially attributed to detrital resource quality. Together, 
differing results between graminoid and shrub litter suggest 
multiple potential mechanisms for spider-induced trophic 
cascades in tundra ecosystems that may be influenced by the 
nutritional quality of basal resources. Further exploration of 

the shrub litter decomposer community could shed light on 
the differential mechanisms by which spiders regulate shrub 
and graminoid litter cycling.

In our study, short-term experimental warming did not 
affect leaf litter decomposition of B. nana, which is a highly 
decomposable (McLaren  et  al. 2017) and expanding shrub 
species. These findings corroborate those from a recent meta-
analysis showing warming hastens decomposition of grass 
but not leaf litter from woody plants in cold environments 
such as the Arctic tundra (Schwieger et al. 2025). This meta-
analysis also noted more decomposable litter (i.e. litter that 
decomposes faster under ambient conditions) seems to be less 
sensitive to warming in cold regions (Schwieger et al. 2025). 
One reason for this pattern may be that higher resource 
abundance under shrubs compared to open-tundra habitats 
may support more copiotroph-dominated microbial commu-
nities (Wallenstein et al. 2007, Adamczyk et al. 2020) that are 
better adapted to decomposing high quality shrub litter. Such 
differences in the microbial decomposer community could 
also affect the strength of potential top–down effects by con-
sumers. Future research would benefit from testing the sensi-
tivity of shrub- versus graminoid-based detrital food webs to 
warming and clarifying differences in the trophic pathways 
that influence decomposition.

Our results suggest if wolf spider densities increase with 
warming as predicted (Høye  et  al. 2009, 2020, Viel  et  al. 
2022, Wehner  et  al. 2023), their predation effects could 
further exacerbate accelerated C and N cycling with contin-
ued shrub expansion (Walker et al. 2006, Sistla et al. 2013). 
However, how the combination of warming and shrub 
expansion will affect wolf spider populations – and their ulti-
mate impacts on ecosystem functioning – is unclear. Which 
arthropod groups benefit from warming depends on their 
physiological capacity to withstand higher temperatures but 
also their habitat specificity (Bowden et al. 2018, Høye et al. 

Table 1. Results of linear mixed models testing the effects of wolf spider density, experimental warming and litter moisture on remaining litter 
mass, C and N. The intercept was defined as low spider density and ambient temperature. Significant effects (p-value < 0.05) are denoted 
in bold.

​ Value SE df t-value p-value

Litter mass remaining (log-transformed)
(Intercept) 4.592 0.120 58 38.36 < 0.0001
Spider density (control) −0.022 0.029 22 −0.73 0.47
Spider density (high) −0.071 0.030 22 −2.39 0.026
Warming −0.032 0.024 22 −1.33 0.20
Litter moisture −0.004 0.002 58 −2.08 0.042
Litter C remaining
(Intercept) 94.601 6.912 58 13.69 < 0.0001
Spider density (control) −2.166 1.702 22 −1.27 0.22
Spider density (high) −5.742 1.722 22 −3.34 0.003
Warming −1.794 1.400 22 −1.28 0.21
Litter moisture −0.259 0.098 58 −2.65 0.0103
Litter N remaining
(Intercept) 96.897 9.038 58 10.72 < 0.0001
Spider density (control) −3.373 2.226 22 −1.52 0.14
Spider density (high) −9.587 2.251 22 −4.26 0.0003
Warming −1.755 1.830 22 −0.96 0.35
Litter moisture −0.005 0.128 58 −0.04 0.97
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2021, Sørensen  et  al. 2024). Indeed, some groups, includ-
ing wolf spiders, seem to benefit from direct effects of warm-
ing and earlier snowmelt (Høye 2020). On the other hand, 
warming-induced shrub encroachment can negatively affect 
arthropods by reducing plant diversity (Koch  et  al. 2015), 
modifying habitat structure (Greaves et al. 2015), increasing 
the litter layer (Rich et al. 2013), and changing microclimatic 
conditions (Hansen et al. 2016, Asmus et al. 2018). For exam-
ple, previous studies in Arctic Alaska have shown lower wolf 
spider densities in shrub patches compared with open tundra 
(Rich et al. 2013, Hansen et al. 2016, Asmus et al. 2018). 
Shrub expansion may therefore reduce wolf spider densities 
given their preference for open habitats. The ultimate role of 
wolf spiders as key regulators of biogeochemical cycles in the 
warming Arctic will depend on their population sizes, vegeta-
tion community dynamics and spatial overlap between wolf 
spiders and plant functional types. Future work should aim 
to combine long-term monitoring of vegetation, decomposer 
and wolf spider assemblages with manipulative experiments 
to quantify how variation in both wolf spiders and shrubs 
influence C and nutrient dynamics in tundra habitats.

Our findings also highlight the importance of includ-
ing biotic interactions when considering how changes in 
abiotic conditions affect ecosystem processes. Although we 
did not find interactive effects of wolf spider density and 
warming on shrub litter decomposition, there was a trend 
toward more B. nana decomposition in the warm plots 
compared to the controls when spiders had been removed 
(Fig. 1). Effects of warming in those spider removal plots 
were roughly on par with effects of including control-level 
densities of wolf spiders in either ambient or warmed plots. 
Other recent studies have emphasized how the exclusion 
of certain animal groups, such as herbivores, can result in 
under- or overestimations of global change effects on tundra 
ecosystems (Yu et al. 2011, Rastetter et al. 2022). Inclusion 
of predation effects that regulate both herbivory and 
decomposition could further refine these types of models to 

help achieve more accurate estimations of changes in C and 
N cycling under various conditions (Schmitz and Leroux 
2020, Bianchi et al. 2021).

Our investigation focused on wolf spiders effects on short-
term decomposition of B. nana shrub litter during the sum-
mer season. Short-term decomposition experiments capture 
the breakdown of mostly labile compounds and largely miss 
decomposition of more recalcitrant material (Sun et al. 2024). 
However, large fractions of litter carbon and nitrogen are 
recycled during this early stage (Blok et al. 2016, Parker et al. 
2018, Malhotra et al. 2018). Effects of experimental warm-
ing on decomposition may take more time to accrue than 
direct biotic effects (Schwieger et al. 2025). The results from 
this short-term study are therefore not indicative of longer-
term effects of warming or spiders on shrub litter decom-
position. Variation in leaf litter chemistry between different 
shrub species (Vowles and Björk 2019) may further affect 
the strength of top–down effects by spiders or other inver-
tebrates. Although not addressed here, shrub canopies also 
alter the physical environment by providing thermal buffer-
ing and could affect decomposer communities and decompo-
sition rates across cold and warm seasons (Aguirre et al. 2021, 
2024). Studies that explore the role of detrital food webs in 
driving short- versus longer-term decomposition across sea-
sons, habitats and plant species would contribute to a more 
nuanced understanding of the conditions under which inver-
tebrate predators influence litter C and N cycling in Arctic 
ecosystems.

Our results demonstrate that activity by a dominant inver-
tebrate predator can outweigh effects of experimental warm-
ing on early-stage decomposition of a common and expanding 
shrub species. As temperatures continue to rise in the Arctic, 
species big and small are being affected. The ways in which 
these species respond – and how their responses affect spe-
cies interactions – could have unexpected consequences. In 
particular, we show that compounding impacts of larger wolf 
spider populations (Høye et al. 2020) and increasing shrub 

Figure 2. A conceptual framework of the interactions between climate change, shrub expansion, changes in wolf spider densities and decom-
position, synthesizing our results with previous findings in Arctic tundra ecosystems. Climate change, including rapid warming, indirectly 
enhances litter decomposition by stimulating the expansion of shrubs that produce high quality litter and by benefitting wolf spiders, which 
accelerate shrub litter decomposition through trophic cascades. The hastened nutrient release from decomposing shrub litter under high 
spider densities may enhance soil nutrient availability which in turn, might promote further shrub expansion. However, how these dynam-
ics may play out at broader scales under shrub expansion is unknown given wolf spiders’ preference for open habitats.
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litter availability (Mekonnen  et  al. 2021) could potentially 
accelerate nutrient cycling (Fig. 2). Although the Arctic has 
historically been considered to be driven by bottom–up pro-
cesses, this research contributes to a growing body of work 
revealing that top–down effects of vertebrates and inverte-
brates alike contribute to the functioning of tundra ecosys-
tems (Ims and Fuglei 2005, Schmidt et al. 2017, Koltz et al. 
2022, Barbero-Palacios et al. 2024).
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