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Abstract
Arthropods perform critically important functions in food webs and ecosystems and are highly sensitive to the effects of 
environmental change. Despite their importance, the knowledge gaps in arthropod ecology are substantial. This is particularly 
problematic in Earth’s polar and alpine regions, where tundra ecosystems are responding rapidly to climate change. Species 
diversity is lower in these regions versus temperate and tropical regions, but (1) we lack baseline and long-term data about 
the distributions and abundances of arthropods and their relationships to abiotic variation and (2) the roles of arthropods in 
these ecosystems are far from fully described. In recognition of the need for increased tundra arthropod research activity, 
a group of international scientists formed the Network for Arthropods of the Tundra (NeAT). In the past 3 years, this aca-
demic network has brought together entomologists from research institutions around the world to revitalize and coordinate 
the study of tundra arthropods. This special issue on the ecology of tundra arthropods represents a tangible example of this 
increased momentum. The papers in the special issue highlight recent advances in understanding the relationships between 
arthropod communities and abiotic variation in tundra ecosystems and clarify the roles that arthropods play in ecosystems. 
They collectively demonstrate the utility of tundra arthropods as a model system for testing general ecological theory about 
how species respond to environmental variation. We hope this special issue with the insights it provides and the new fron-
tiers it outlines, together with NeAT, will leverage further momentum to the interest in, and study of the ecology of tundra 
arthropods in the years to come.
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Introduction

Global change is rapidly transforming living conditions for 
plants and animals on Earth (Tittensor et al. 2014). Moni-
toring programs are needed to track changes in the biota 
and the environment as these changes unfold (Pereira et al. 
2010). Yet, a fundamental understanding of the ecology and 

drivers of change in species, communities, and the dynamics 
of ecosystems is required to make such monitoring programs 
rigorous and focused at the same time (Lindenmayer and 
Likens 2018). While such knowledge is more readily avail-
able for birds, mammals, and plants, it is very fragmented for 
arthropods and other invertebrates. Arthropods form a major 
part of the global terrestrial and freshwater species diver-
sity and include diverse taxa such as insects, collembolans, 
arachnids, hexapods, and freshwater crustaceans. Arthro-
pods have very diverse life-history strategies, typically short 
generation times, adaptations to cope with extreme environ-
mental conditions, and large population sizes, which make 
many species amenable to field studies. Despite their small 
size and often inconspicuous nature, these organisms play a 
prominent role in nutrient cycling and food web interactions, 
such as pollination, pest regulation, defoliation, and disease 
transmission. Finally, it is becoming increasingly clear that 
arthropods are highly sensitive to ongoing environmental 
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change (Johnson and Hefin Jones 2016). Hence, a better 
understanding of the ecology of arthropods is needed.

Long-term observations provide a unique basis for under-
standing species responses to natural fluctuations in envi-
ronmental conditions (Post and Høye 2013). The availabil-
ity of long-term data on arthropods, however, is limited in 
temporal and spatial extent, and in many cases confined to 
coarse taxonomic resolution. This is partly due to the chal-
lenge of identifying arthropod species and the limited pub-
lic interest in recording observations of more obscure taxa. 
Nevertheless, comparative studies often identify insects and 
other arthropods as more sensitive to environmental change 
than vertebrates and plants (Chen et al. 2011; Devictor et al. 
2012; Thackeray et al. 2016; Warren et al. 2018). The lim-
ited knowledge about the ecology of most arthropod spe-
cies is becoming a substantial bottleneck for identifying the 
underlying mechanisms of observed changes in the few mon-
itored arthropod populations and species groups. Together, 
this means that we have limited ability to predict the future 
dynamics of one of the most climatically sensitive groups of 
organisms, the arthropods (Warren et al. 2018).

Tundra ecosystems in polar and alpine regions provide 
a unique setting for studying arthropod ecology in the con-
text of environmental change (Høye and Sikes 2013). These 
locations are the fastest changing regions on Earth, with 
rates of temperature increase exceeding the global average, 
particularly in the Arctic (Overland et al. 2017) and on the 
Antarctic peninsula (Turner et al. 2014) where tundra is 
most prevalent. Warming and changing precipitation pat-
terns are drastically affecting living conditions by affecting 
seasonality, hydrology, and the frequency of extreme events 
(e.g., Høye et al. 2007; Bokhorst et al. 2015). The distinct 
biogeographic patterns due to past glacial dynamics in this 
region offer opportunities for studying ecological disequilib-
rium dynamics and migrational lags (Svenning et al. 2015). 
Finally, tundra arthropod diversity is relatively low making 
species identification more tractable for non-specialists, and 
the low tundra vegetation makes sampling arthropod niche 
space simpler than elsewhere.

The study of tundra arthropods in the context of rapid 
environmental change has indeed yielded insights into gen-
eral patterns of ecological change (Høye et al. 2013; Culler 
et al. 2015). Tundra arthropods exhibit significant pheno-
logical responses to these changes (Høye and Forchham-
mer 2008; Tulp and Schekkerman 2008; Høye et al. 2014). 
Their body sizes (Høye et al. 2009; Bowden et al. 2015) 
and abundances (Koltz et al. 2018b; Loboda et al. 2018) 
reflect short- and long-term changes in their abiotic and 
biotic environments. However, working in remote Arctic, 
Antarctic, and alpine locations has drawbacks. Baseline data 
are often lacking or entirely absent, and the first coordinated 
monitoring programs, such as in Zackenberg, Greenland, 
only began in the mid-1990s. Working in remote polar and 

alpine regions also requires overcoming significant logistic 
hurdles, which makes it near impossible for research groups 
to conduct comparative work across larger areas and over the 
longer term (Post and Høye 2013). This makes standardi-
zation of measurements and coordination among research 
groups particularly relevant in this region.

Network for arthropods of the tundra (NeAT)

Until recently, research efforts to address this imbalance 
were scattered, uncoordinated, and relied on the expertise 
of a few experts. In recognition of the need for increased 
research activity, a group of international scientists formed 
the Network for Arthropods of the Tundra (NeAT). This 
academic network on terrestrial and freshwater arthropods 
of Arctic, Antarctic, and alpine regions brings together ento-
mologists from research institutions around the world. The 
goal of NeAT is to revitalize the study of tundra arthropods 
by advancing communication, collaboration, and knowledge 
about tundra arthropods.

As of June 2018, NeAT has 129 members from 18 coun-
tries. Members have organized and participated in numer-
ous international conferences and symposia. NeAT work-
ing groups are currently developing protocols for multi-site 
comparative work and distributed experiments (Fraser et al. 
2013), which will engage researchers, students, and citizen 
scientists. Recently, NeAT has gained status as a thematic 
network of the University of the Arctic (UArctic). In 2016, 
NeAT members gathered twice, first for planning at the 
Institute of Arctic Studies at Dartmouth College in the US 
and then for the inaugural NeAT meeting in Denmark at the 
Aarhus Institute of Advanced Studies, Aarhus University. 
The collection of papers in this issue derives from these 
meetings, which involved more than 50 scientists from 12 
countries. They were compiled and edited by the lead and 
co-lead of NeAT.

Below, we present a synopsis of the papers in this issue 
as they relate to a range of research themes. As part of our 
conclusions, we provide suggestions of the role of research 
on tundra arthropods in developing and testing general 
ecological theory. The topics of the papers in this issue are 
representative of the diverse makeup of NeAT—scientists 
and scholars working at both poles and in alpine regions 
to understand current topics in tundra arthropod ecology. 
One set of papers (Docherty et al. 2018; Høye et al. 2018; 
Bowden et al. 2018; Convey et al. 2018; Hein et al. 2018; 
Turney et al. 2018) is broadly focused on characterizing how 
the abundance and life-history traits of tundra arthropods 
vary in relation to spatial and temporal environmental vari-
ation. The second set (Barrio et al. 2017; Koltz et al. 2018a; 
Sanchez-Ruiz et al. 2018; Urbanowicz et al. 2017; Müllerová 
et al. 2018) is focused on characterizing the ecological roles 
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of tundra arthropods in food webs and ecosystems. We have 
organized the synopsis around these two broad themes.

Tundra arthropods and spatio‑temporal 
environmental variation

A prerequisite to tracking changes in the distribution of 
species is to map their current distributions and identify 
their suitable habitats. One set of papers in this special 
issue expand baseline data on species presence/absence and 
abundance in diverse habitats (tundra, taiga, freshwater, veg-
etation, elevation, Arctic, Antarctic). These are extremely 
useful data for developing monitoring protocols as well as 
by identifying common approaches (e.g., pitfall traps) and 
indicator species. They also provide key insights about the 
relationships between arthropods and environmental varia-
bility, which is most essential for predicting how abundances 
and diversity will shift with climate change.

The results from three papers in this issue suggest focal 
groups of arthropods as indicators of change. Spiders and 
beetles are particularly useful focal groups, as they are easy 
to collect in a standardized manner (e.g., using pitfall traps); 
and Bowden et al. (2018) and Høye et al. (2018) both identi-
fied arachnid species that are associated with or responsive 
to changes in precipitation, soil moisture, and vegetation. 
For example, the spiders Arctosa insignita (Lycosidae) and 
Wabasso quaestio (Linyphiidae) were found to be indicators 
of wet, fen habitats at Narsarsuaq, South Greenland and thus 
are likely to be impacted by changes in hydrology associated 
with rapid Arctic warming (Høye et al. 2018). At the same 
location, three beetle species and two spider species found 
at low elevation were also identified as likely candidates 
to move into higher elevations or higher latitude as condi-
tions change (Høye et al. 2018). Turney et al. (2018) found 
greater abundances of Diptera (Culicidae, Cecidomyiidae, 
Empididae) but lower abundances of the hemipteran family 
Tingidae at their tundra sites versus taiga sites in Yukon, 
Canada. Thus, as conditions change, flies (Diptera) and true 
bugs (Hemiptera) may be two additional groups to track as 
indicators of change.

The effects of climate change on species abundances and 
community composition are modulated by local environ-
mental conditions; i.e., the effects of climate change will 
not be equal across the tundra. Convey et al. (2018) identify 
a key gap in our understanding of the microclimatic condi-
tions experienced by tundra arthropods at soil surfaces and 
in the vegetation. They move beyond reiterating that such 
conditions can be vastly different from the standard climate 
data measured at weather stations two metres above the 
ground by providing a unique multi-annual dataset on tem-
peratures measured at ground level from various Arctic and 
Antarctic sites. While they identify interesting differences 

and similarities in the temperature variation among Arctic 
and Antarctic sites, they also highlight the dramatic differ-
ences in microclimatic conditions that occur even across 
very small distances (Convey et al. 2018).

The notion of local variation in environmental condi-
tions is picked up in the long-term analyses of populations 
of individual spider species by Bowden et al. (2018). Based 
on identification of almost 30,000 spider specimens col-
lected annually at Zackenberg Northeast Greenland across 
an 18-year period, they show how species of spiders respond 
differently to environmental change in separate habitats. 
They also show how solar radiation, which is a proxy of soil 
surface temperature, is an important predictor of the activ-
ity levels of ground active spiders. Such long-term studies 
can help identify the most important drivers of inter-annual 
variation in species’ abundance and points to the interest-
ing result that the drivers of annual changes may not be 
equal across habitats. Similarly, in a space-for-time design, 
Høye et al. (2018), using lower elevation sites as a proxy for 
future, warmer conditions, found that arthropod composition 
changed with elevation but that the change was dependent 
on local gradients in soil moisture and vegetation. These 
studies, and Turney et al. (2018), highlight the importance 
of replicated sampling within and among habitats to accu-
rately characterize the sometimes tight associations between 
arthropod species and specific habitat conditions.

Studies of life-history traits are essential and comple-
mentary to studies of species’ distributions and abundance 
because they can provide mechanisms through which abun-
dances vary with environmental variation. In tundra regions, 
environmental gradients are very pronounced and spatial and 
temporal variation in such life-history trade-offs become 
particularly evident. This is the case of the clutch size and 
egg-size trade-offs in wolf spiders as studied by Hein et al. 
(2018). The authors find that such trade-offs are more sensi-
tive to inter-annual variation in climatic conditions than to 
spatial variation along the tree line in Pardosa palustris. The 
study highlights how the strong environmental gradients of 
tundra ecosystems can help better understand how the habi-
tat template interacts with climatic variability to define key 
life-history trade-offs.

The relationship between species, habitats, and climate 
is complex and Turney et al. (2018) and Docherty et al. 
(2018) present results that highlight how assemblages of 
tundra arthropods can be distinct among sampling loca-
tions in ways that are not easily explained by environmental 
variability. The Turney et al. (2018) paper is an example of 
how studying arthropod community structure and compo-
sition along latitudinal gradients can help us predict how 
high-latitude communities will change as environmental 
conditions become more similar to those of present-day 
lower-latitude sites, even if no one specific driver can be 
identified. Docherty et al. (2018) represented freshwater 
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ecosystems and presented interesting and rare result from 
snow-fed streams in Northeast Greenland. Building on a 
model for glacier-fed streams they aimed at classifying sec-
tions of streams in terms of their arthropod community com-
position and ecosystem properties. As a first attempt, they 
concluded that the glacier-fed stream model was useful, but 
large among stream variability calls for further sampling of 
snow-fed stream communities to build a more rigorous clas-
sification of streams (Docherty et al. 2018).

Biotic interactions and ecosystem effects

The second set of papers in the special issue characterizes 
the role arthropods play in important ecosystem process such 
as pollination, aquatic terrestrial linkages, nutrient cycling, 
predator–prey, and plant–herbivore interactions. Without 
understanding the roles that arthropods currently play, we 
lose the ability to anticipate the effects of changing species 
abundances and distributions with climate change. These 
papers also contribute important baseline data and frame-
works from which we can test how changing distributions 
will impact food web interactions and nutrient cycling.

There is substantial attention around ongoing and pre-
dicted greening of the Arctic, but the spatio-temporal 
variation in tundra vegetation is not fully understood 
(Myers-Smith et al. 2015; Andrew et al. 2017). Biologi-
cal feedback mechanisms from, e.g., insect herbivores 
could play an important role in this respect (Phoenix and 
Bjerke 2016; Lund et al. 2017). Barrio et al. (2017) and 
Koltz et al. (2018a), despite having vastly different research 
approaches, reached similar conclusions about low impacts 
of invertebrate herbivory, specifically direct consumption 
of live plant biomass, on plant damage and nutrient cycling. 
Barrio et al. (2017) assessed invertebrate herbivory on over 
30,000 birch leaves (Betula sp.) that were collected across 
the Arctic using standardized protocols. Invertebrate dam-
age was found on 11.2% of leaves but the total area damaged 
was only 1.4%. Koltz et al. (2018a) collected samples of 33 
functional feeding groups of mostly arthropods from soil, 
surface, and canopy habitats at a moist acidic tundra site in 
Alaska. From their density estimates they modelled biomass 
of each group to parameterize an energetic food web frame-
work, which ultimately showed that only 0.06% of carbon 
processed in this food web comes from the consumption of 
live plant biomass.

Both of these studies provide frameworks and protocols 
that can be integrated and applied in other systems to under-
stand how Arctic change will affect species interactions and 
nutrient cycling. In fact, Barrio et al. (2017) already dem-
onstrated this. Their leaf samples were collected from 56 
locations between 2008 and 2015. As such, they were able 
to discover that herbivory rates were higher in places or 

during years with higher summer temperatures. The ener-
getic food web framework provided in Koltz et al. (2018a) 
could be used to model how nutrient cycling would change 
in response to this increase in herbivory, or to invertebrate 
herbivore outbreaks, which are not uncommon in Subarctic 
and tundra ecosystems (Jepsen et al. 2008; Post and Pedersen 
2008). It would also be useful to parameterize the energetics 
model with biomass estimates from standardized sampling 
protocols from sites with different environmental conditions 
to test how nutrient cycling varies across space and time. 
Using samples collected from different elevations (Høye 
et al. 2018) and latitudes (Turney et al. 2018) as a spatial 
substitute for time could generate predictions about how cli-
mate change will affect nutrient cycling through invertebrate 
and microbial food webs.

Pollination is another key interaction in which arthropods 
are the only animal group involved within tundra ecosys-
tems. While many plant species have evolved selfing strat-
egies or are predominantly wind pollinated, experimental 
studies have demonstrated a clear advantage in terms of seed 
set to insect pollination. In the harsh Arctic tundra of West 
Greenland, Urbanowicz et al. (2017) asked how important 
exposure to wind and proximity to the cold icecap is for the 
structure of pollen transfer networks. Ironically, the harsh 
conditions also mean that studying plant–pollinator interac-
tions is rather time-demanding, because frequency of visits 
is much lower than under more benign conditions. Never-
theless, in their study, they found no effect of the landscape-
scale variation in temperature and wind speed on character-
istics of their pollen transfer network. This is probably due 
to the generalistic nature of plant–pollinator interactions in 
the Arctic in general (e.g., Olesen et al. 2008).

One tundra arthropod family that is particularly con-
spicuous in the Arctic is Culicidae. Müllerová et al. (2018) 
focused on mapping the distribution of vector-borne diseases 
by screening a well-known representative species of this 
family, Arctic mosquitoes (Aedes nigripes), from Greenland 
and Svalbard, something that had not previously been done. 
They found interesting negative results, suggesting that Arc-
tic island regions are not yet exposed to a number of vector-
borne diseases that have been documented in continental 
locations (Müllerová et al. 2018). Future changes in envi-
ronmental conditions and the introduction of new species 
or arboviruses could bring about novel species interactions 
that have consequences for polar wildlife and even humans.

Resource availability, which can fluctuate substantially 
in tundra ecosystems, is a key example of a trophic driver of 
population change and can elicit conspicuous behavioural 
responses. One of the most renowned examples of such tem-
porally fluctuations in animal populations are the intense 
swarms of non-biting midges at Lake Myvatn in Iceland 
(Ives et al. 2008). Sanchez-Ruiz et al. (2018) found that 
orb-weaving spiders aggregate and build high densities of 
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webs during the abrupt and intense pulse of prey availability 
when Chironomids emerge from Lake Myvatn. As such, this 
is another indication that nutrient transfer from aquatic to 
terrestrial ecosystems can be substantial in tundra habitats 
(Gratton et al. 2008).

Conclusions

Building a firm ecological understanding for such a spe-
ciose group as the arthropods of tundra habitat is no small 
undertaking. We welcome the recent increased interests and 
research activity associated with this group, and proudly 
acknowledge this special issue as a tangible example of this 
increased momentum. The collection of papers in this spe-
cial issue highlight how tundra arthropods can function as 
model system for testing general ecological theory about 
how species respond to environmental variation. The lower 
diversity means, that it is more tractable to quantify varia-
tion in arthropod community composition across space and 
time, e.g., across biome transitions, where elevation works 
as a good proxy. Life-history trade-offs are likely to be more 
pronounced in the highly variable tundra environments and 
the influence of extreme events on life-history traits and 
population dynamics are easier to quantify, due to the high 
population sizes of individual species. Similarly, species 
interactions and their sensitivity to environmental change 
are more tractable to study as it is easier to identify and track 
focal species interactions.

There is a great need for new tools and methods in ecol-
ogy to bridge the identified gaps in spatial and temporal 
resolution between what organisms respond to and what 
can currently be quantified (Potter et al. 2013; Estes et al. 
2018). For reasons mentioned above, it is logical to develop 
and make the first tests of such tools in tundra ecosystems. 
For instance, molecular tools for species identification offer 
new opportunities for studying food web dynamics and tem-
poral variation in species interactions (Wirta et al. 2015). 
The lower diversity makes it simpler to develop complete 
DNA reference libraries in tundra ecosystems (Wirta et al. 
2016). Nevertheless, developing such tools require close 
collaboration with natural history museums to ensure that 
DNA libraries are accurate and up-to-date and museum col-
lections are digitized and publically available (Sikes et al. 
2017). Similarly, image-based methods hold the promise to 
improve temporal and spatial resolution of observations of 
species, biotic interactions and relationships to the environ-
ment (Weinstein 2018). Making such new tools available and 
operational will require substantial interdisciplinary efforts 
among molecular biologists, eco-physiologists, ecologists, 
taxonomists, engineers and computer scientists and collab-
oration among universities and natural history museums, 
something NeAT aims to facilitate.

There are still substantial holes even in the most basic 
ecological knowledge on arthropods. Particularly, the lack 
of temporal, spatial, and taxonomic resolution in available 
data is a central challenge for understanding species–envi-
ronment relationships for tundra arthropods. In terms of tem-
poral patterns, we lack basic knowledge about the generation 
time, overwintering stages, and seasonal dynamics even of 
the most intensively studies species. In terms of spatial pat-
terns, we identify the extremely coarse spatial resolution of 
distribution information as a critical bottleneck for tracking 
contemporary range changes and understanding the histori-
cal background for biogeographic patterns and population 
genetic variation. At smaller spatial scale, we are also only 
beginning to understand the habitat specificity of individual 
species. Finally, the taxonomic resolution in studies of tun-
dra arthropod populations is often limited. Many datasets 
have order- or family-level resolution or are confined to well-
known groups (e.g., spiders, beetles or butterflies) where 
identification by morphological characters requires less spe-
cialized expertise. Because of these deficiencies, red lists for 
Arctic arthropods are nowhere near complete, which would 
form the basis for targeted conservation actions. Although 
many Arctic arthropod species appear widespread, they are 
likely to suffer substantial range contractions as species from 
lower latitudes expand their ranges northwards (Eskildsen 
et al. 2013). Finally, we are only just beginning to grasps the 
intricate species-specific responses to environmental change, 
the implications for food web dynamics and the detailed 
biotic interactions in which arthropods play a role (Schmidt 
et al. 2017).

Many of knowledge gaps listed above apply to arthro-
pod ecology in other biomes as well. It is an ambition of 
NeAT to build on the public interest in climate change and 
its biological consequences particularly in the Arctic to help 
raise awareness of the intricate adaptations and fascinating 
ecology of this group of organisms anywhere on the planet. 
Building strong collaboration with students, teachers and 
schools in northern community is of critical importance in 
this endeavour and we envision that clear and exciting proto-
cols for sampling and studying arthropods will determine the 
success of such efforts. There are many models to build on 
such as the Teatime4Science (http://www.teati me4sc ience 
.org/) and the School Malaise Trap Project (https ://malai 
sepro gram.com/). Even at northern latitudes, such protocols 
and smartphone apps are beginning to emerge for example to 
engage the public in mapping the northward spread of forest 
pest insects in the Moth Hunt (https ://www.maler jakt.no/). 
Similarly, there are national monitoring initiatives such as 
the National Ecological Observatory Network (https ://www.
neons cienc e.org/) and Greenland Ecosystem Monitoring 
(www.g-e-m.dk), and international Arctic initiatives such as 
the Circumpolar Biodiversity Monitoring Programme (https 
://www.caff.is/monit oring ) to learn from and collaborate 
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with. We hope this special issue with the insights it provides 
and the new frontiers it outlines, together with NeAT, will 
leverage further momentum to the interest in and study of 
the ecology of tundra arthropods in the years to come.
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