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EXECUTIVE SUMMARY
The State of the Arctic Terrestrial Biodiversity Report 
(START) is a product of the Circumpolar Biodiversity 
Monitoring Program (CBMP) Terrestrial Group of the 
Arctic Council’s Conservation of Arctic Flora and Fauna 
(CAFF) Working Group. The START assesses the status 
and trends of terrestrial Focal Ecosystem Components 
(FECs)—including vegetation, arthropods, birds, and 
mammals—across the Arctic, identify gaps in monitoring 
coverage towards implementation of the CBMP’s Arctic 
Terrestrial Biodiversity Monitoring Plan; and provides 
key findings and advice for monitoring. The START is 
based upon primarily published data, from a special 
issue of Ambio containing 13 articles by more than 180 
scientists.

Climate change is the single most important driver 
influencing Arctic biodiversity. Other drivers are listed 
and classified as biotic, abiotic, or anthropogenic 
and their effects considered where applicable. Key 
findings include an increase in vegetation productivity 
documented by remote sensing, although plot-based 
studies give mixed results. An increase of alien plant 
species is evident and there are also indications of 
increasing phenological mismatch between pollinators 
and flowering plants. Most bird species have at least one 
population that is increasing or stable although there 
are declines in the populations of one fifth of all species 
considered. Mammal species show various trends with 

the exception of Rangifers (Reindeer/Caribou) whose 
populations are mostly declining. There are knowledge 
gaps amongst all organism groups although they are 
most obvious for microscopic species belonging to soil 
biota and Arthropods.

Biodiversity monitoring at a circumpolar scale requires 
extensive coordination and cooperation among 
the Arctic states. Data collection needs to utilize all 
possible sources including remote sensing, Indigenous 
Knowledge, local knowledge, citizen science and long-
term monitoring. A harmonized, accessible, and long-
term taxonomic backbone for all known Arctic taxa is 
essential.

The START lists actions that should be taken to ensure 
more coordinated and responsive monitoring of 
biodiversity in the Arctic. Independent of the taxonomic 
group, securing long-term monitoring is of the utmost 
significance. START is an important accomplishment in 
helping improve monitoring of the Arctic’s terrestrial 
biodiversity and achieving a more holistic monitoring 
strategy on a circumpolar scale where interactions among 
different drivers as well as other habitats, i.e., marine, 
coastal, and freshwater, are included. It is an important 
step towards better knowledge and understanding of 
the status and threats facing biodiversity in the Arctic 
and is an important baseline to guide future work.

Chukotka, Russian Federation. Photo: Vladimir Yakovlev
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1 INTRODUCTION

Tundra in Nenets Autonomous Okrug, Russia 
Photo: Nick Pecker/Shutterstock.com



12    2021  |  STATE OF THE ARCTIC TERRESTRIAL BIODIVERSITY REPORT

The State of the Arctic Terrestrial Biodiversity Report 
(START) describes status and trends on key biotic 
elements in the terrestrial Arctic. It is the first report 
based on Arctic Terrestrial Biodiversity Monitoring 
Plan (Christensen et al. 2013) and provides an 
important milestone towards its implementation. CBMP 
(Circumpolar Biodiversity Monitoring Program) is the 
core programme of the Conservation of Arctic Flora and 
Fauna Working Group (CAFF) of the Arctic Council.

Building on the baseline established in the Arctic 
Biodiversity Assessment (CAFF 2013a), the START 
presents a summary of the status and trends of key biotic 
elements—referred to as Focal Ecosystem Components 
(FECs)1 —to detect and understand changes in circumpolar 
terrestrial biodiversity. Through data integration and 
analysis of available datasets, it presents a synthesis of the 
state of knowledge, detectable changes, and important 
knowledge gaps for assessing status and trends. Changes 
in the status of FECs is expected to be indicative of changes 
in the broader terrestrial environment. 

Where data is available, the START:

 ► describes current and/or historical status of 
FECs;

 ► evaluates trends;
 ► considers how changes in biodiversity may be 

linked to potential stressors;
 ► describes the state of Arctic biodiversity 

monitoring;
 ► identifies research priorities and knowledge 

gaps; and
 ► provides advice for future terrestrial biodiversity 

monitoring efforts.

The START also gives an opportunity to evaluate some 
of the originally chosen FECs to determine gaps in 
monitoring effort and if the monitoring is sufficient or 
realistic for various FECs. This can be used to refine and 
adapt future monitoring allowing the programme to 
evolve in response to the key findings, advise for future 
monitoring, lessons learned and not least new questions. 

This report represents the first step in ongoing efforts 
to advance circumpolar terrestrial biodiversity 
monitoring and to understand the impact of changes 
on Arctic terrestrial ecosystems. It builds on the Arctic 
Terrestrial Monitoring Plan (Christensen et al. 2013) and 
an associated process of data compilation, analysis, and 
scientific publication lead by the Terrestrial Group of 
the Circumpolar Biodiversity Monitoring Programme 
(CBMP), that has been published in a special Issue of the 
AMBIO Journal (Schmidt & Johannesdottir 2020). The 
first two chapters in this report provide some context 
on terrestrial biodiversity monitoring in the Arctic and 
outline the drivers of change. Chapter 3 presents a 
summary of status and trends, with a focus on the FECs 

1. The FECs are identified in the CBMP–Terrestrial Plan and further 
explained in Section 2.2 and Table 2.1.

within the groups—vegetation, arthropods, birds, and 
mammals—and their key attributes, and then brings 
the FECs together to discuss the state of the terrestrial 
ecosystem as a whole, links to drivers, and presents 
overall integrated key findings. Chapter 4 describes 
the state of terrestrial biodiversity monitoring across 
the Arctic, identifies gaps and provides advice for 
monitoring. 

1.1 ARCTIC TERRESTRIAL 
BIODIVERSITY MONITORING 
PLAN
The CBMP–Terrestrial Plan, one of four ecosystem-
based plans of the Circumpolar Biodiversity Monitoring 
Program (CBMP) (see Box 1-1), is an agreement by 
Arctic states to compile, harmonise and compare results 
from Arctic terrestrial biodiversity and circumpolar 
ecosystem monitoring efforts. It capitalises on existing 
resources, monitoring capacity and data, and, where 
opportunities for new monitoring exist, recommends 
priority monitoring elements and methodologies 
(Berteaux et al. 2017; Christensen et al. 2020). 

Preparation of the CBMP–Terrestrial Plan involved: 
(a) defining the scope and priority management 
questions; (b) developing conceptual ecological models; 
(c) identifying FECs and associated attributes and 
parameters; (d) developing and designing a monitoring 
approach; (e) collecting data; (f) developing a reporting 
approach; (g) modifying the design as a result of key 
findings; and (h) providing advice for future monitoring 
and describing lessons learned as illustrated in Fig. 
1.1(Christensen et al. 2013, 2020, CAFF 2017). The 
approach considers the integrity of ecosystems and 
their interactions, focusing on FECs (see Section 1.1 and 
Table 2-1). Based on the findings of the START, revisions 
to some FECS are recommended.

When aggregating information from various monitoring 
initiatives and across a vast geographic range, the CBMP–
Terrestrial Plan relies on the process of harmonisation that 
extracts comparable information from across different 
methodologies. This includes direct integration, combining 
derivative products or meta-analyses and modelling. The 
CBMP core function of targeted monitoring and reporting 
on selected FECs, supports numerous functions and 
networks required for ecosystem-based monitoring, and 
broader national and international reporting needs. This 
includes detailed core attribute monitoring at the site or 
plot scale, as well as the development of a harmonised 
database for use by national and international reporting. 
Importantly, the CBMP–Terrestrial Plan provides 
recommendations for standardised methods to facilitate 
future data comparisons.

This approach aligns with other initiatives, including the 
Essential Biodiversity Variables approach (Pereira et al. 



STATE OF THE ARCTIC TERRESTRIAL BIODIVERSITY REPORT  |  2021    13

Figure 1-1. CBMP’s adaptive, integrated ecosystem–based approach to inventory, monitoring and 
data management.

This figure illustrates how management questions, conceptual ecosystem models based on 
science, Indigenous Knowledge, and Local Knowledge, and existing monitoring networks guide 
the four CBMP monitoring plans––marine, freshwater, terrestrial and coastal. Monitoring 
outputs (data) feed into the assessment and decision-making processes and guide refinement of 
the monitoring programmes themselves. Modified from CAFF 2017.

BOX 1-1. CIRCUMPOLAR BIODIVERSITY MONITORING PROGRAM
Effective conservation and management of Arctic ecosystems requires an understanding of the 
complex dynamics and trends of species, habitats and ecological processes and functions, drivers of 
change, and their interactions at multiple scales. Long-term monitoring data is required to obtain 
this knowledge. Recognising the lack of this type of information in the Arctic, the Arctic Council, 
in 2004, recommended that long-term ecosystem and biodiversity monitoring efforts be increased 
and focused to address key knowledge gaps to better inform conservation and management of the 
Arctic’s biodiversity and ecosystems (Petersen, et al. 2004, CAFF 2013b). In response, CAFF established 
the Circumpolar Biodiversity Monitoring Program (CBMP) to provide adaptive, coordinated, and 
standardised monitoring of Arctic marine, terrestrial, freshwater, and coastal ecosystems. Today the 
CBMP, an international network of scientists, conservation organisations, government agencies and 
other experts, is the cornerstone program of CAFF.

Overall direction for the CBMP is provided through regularly updated strategic plans that use an 
adaptive, question-driven approach (e.g., CBMP Strategic Plan for 2018–2021 (CAFF 2018), Navarro et. al 
2017). Four ecosystem-based biodiversity monitoring plans—marine (Gill et al. 2011), freshwater (Culp 
et al. 2012), terrestrial (Christensen et al. 2013) and coastal (Jones et al. 2019)—provide more detailed 
frameworks for data collection, analysis, interpretation, reporting and communications that improve 
our ability to detect and understand changes. Each plan employs a similar process and structure 
including the identification of key elements, or FECs, expected to be good indicators of change for both 
the single component and the ecosystem in general. The four monitoring plans aim to incorporate 
science, Indigenous Knowledge and/or Local Knowledge in inventory, monitoring and assessments. 

Implementation of the plans is iterative, allowing the program to adapt in response to key findings, 
provide advice for future monitoring, lessons learned and the emergence of new questions. 
The resulting adaptive platform (Figure 1.1) facilitates the development and improvement of 
collaborative, cross-jurisdictional monitoring programs on broad geographic scales, including for 
areas where capacity is limited.
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2012) developed by the Group on Earth Observations 
Biodiversity Observation Network (GEO BON), and 
the results provide decision makers and other users 
with information needed for effective conservation, 
mitigation, and other actions. It also helps to track 
and evaluate progress towards meeting the objectives 
of CAFF, and supports the reporting on the Aichi 
Biodiversity Targets of the United Nations Strategic 
Plan for Biodiversity 2011–2020 (Convention on 
Biological Diversity 2010) and relevant United Nations 
Sustainable Development Goals (UNEP WCMC & IUCN 
2016; Christensen et al. 2020), as well as other future 
processes including the post2020 Global Biodiversity 
Framework (Convention on Biological Diversity, 2020) 
and future assessments under the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES, https://www.ipbes.net/).

The geographic boundaries (see Figure 1.2) and 
ecosystems included in the CBMP–Terrestrial Plan align, 
in most cases, with those of the Arctic Biodiversity 
Assessment, covering high and low Arctic regions 
consistent with the Circumpolar Arctic Vegetation Map 
(CAVM Team 2003).

Conceptual models represent working hypotheses about 
key relationships, functions, and the organisation of a 
system (Guerra et al. 2019, Beever & Woodward 2011) 

can help guide the identification of priority monitoring 
elements, that meaningfully describe the status of many 
parts of the ecosystem and probable causes of change. 
Even the most ambitious monitoring programme cannot 
monitor everything, everywhere, all of the time. This is 
especially true for remote Arctic locations, where access 
is logistically challenging and costly (Schmidt et al. 
2017). Based on the priority questions and conceptual 
models, a list of priority FECs and related attributes, and 
parameters were identified.

Through expert input, the CBMP–Terrestrial Plan 
developed an overall conceptual model of the Arctic 
terrestrial system, characterising key relationships 
between biotic groups and interactions with abiotic 
components. Furthermore, detailed conceptual 
models relevant to each taxonomic group––vegetation, 
arthropods, birds, and mammals––were also developed 
and refined at workshops and follow-up meetings. 
Collectively, the conceptual models helped identify 
key system elements, processes, and relationships, 
ultimately informing the selection of FECs (Christensen 
et al. 2020). Four criteria were used to prioritise FECs 
and their attributes to monitor and report on (see 
Section 2.2). Chapter 2 describes these FECs and the 
drivers considered important in the conceptual models. 
Chapter 3 includes the status and trends for each FEC.

Figure 1-2. Geographic 
area covered by the Arctic 
Biodiversity Assessment 
and the CBMP–Terrestrial 
Plan.

Subzones A to E are 
depicted as defined in 
the Circumpolar Arctic 
Vegetation Map (CAVM 
Team 2003). Subzones A, B 
and C are the high Arctic 
while subzones D and E are 
the low Arctic. Definition of 
high Arctic, low Arctic, and 
sub-Arctic follow Hohn & 
Jaakkola 2010.

https://www.ipbes.net/
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1.2 KNOWLEDGE AND DATA
1.2.1 INDIGENOUS KNOWLEDGE 
AND/OR LOCAL KNOWLEDGE
To obtain a comprehensive understanding of the state of 
Arctic biodiversity and how it is changing, it is necessary to 
consider Indigenous Knowledge and Local Knowledge2,  
in addition to knowledge generated through Western 
science3 (Peacock et al. 2020). The CBMP–Terrestrial Plan 
endeavours to build a network based on all sources of 
knowledge, and to bring knowledge holders together to 
work collaboratively. One key challenge has been a lack 
of resources and capacity, hindering effective inclusion 
of Indigenous Knowledge and/or Local Knowledge 
in this report. Chapter 4 presents recommendations 
for effectively supporting the collaborative work of 
Permanent Participants, Indigenous Knowledge holders, 
Local Knowledge holders and scientists.

2. Local knowledge is the knowledge that people in a given community 
have developed over time and continue to develop. It is based on 
experience, often tested over centuries of use, and adapted to the 
local culture and environment (Warburton & Martin 1999).

3.  In this report, Western science is defined using the criteria of 
the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES): “Western scientific knowledge is used … as 
a broad term to refer to knowledge typically generated in universities, 
research institutions and private firms following paradigms and methods 
typically associated with the ‘scientific method’ consolidated in Post-
Renaissance Europe on the basis of wider and more ancient roots ... 
Some of its central tenets are observer independence, replicable findings, 
systematic scepticism, and transparent research methodologies with 
standard units and categories” (IPBES). This report uses the term 
Western science in the context of the Ottawa Traditional Knowledge 
Principles (2015) adopted by the Arctic Council and Permanent 
Participants, which states that “Traditional Knowledge and [Western] 
science are different yet complementary systems and sources of 
knowledge, and when appropriately used together may generate new 
knowledge and may inform decision making, policy development and the 
work of the Arctic Council.”

Link to IPBES definition: https://ipbes.net/glossary/western-
science, and Ottawa Traditional Knowledge Principles: https://www.
arcticpeoples.com/knowledge#indigenous-knowledge

Although an incomplete treatment, START includes case 
study examples from the published literature that showcase 
the biodiversity knowledge residing with Indigenous 
Knowledge holders (Box 3-2). As implementation 
progresses, the CBMP will continue to strive for meaningful 
engagement of Indigenous Knowledge holders and Local 
Knowledge holders throughout the process, and to further 
recognise Indigenous Knowledge and Local Knowledge 
monitoring methodologies.

1.2.2 ARCTIC BIODIVERSITY DATA 
SERVICE
In assessing the status and trends of the FECs, START 
draws on a variety of sources of data, most published 
in peer reviewed scientific journals. The most 
significant is a special issue of Ambio (Schmidt & 
Jóhannesdóttir 2020) which provides the foundation 
for START. Where possible, data are available through 
the Arctic Biodiversity Data Service (ABDS) (www.
abds.is), an online, interoperable data management 
system for biodiversity data generated through CAFF. 
The goal of the ABDS is to facilitate access, integration, 
analysis, and display of biodiversity information for 
scientists, practitioners, managers, policy makers and 
others working to understand, conserve and manage 
the Arctic's species and ecosystems. It provides the 
structure to ensure a legacy that facilitates data access 
and analysis, increases understanding of biodiversity 
and change and ultimately supports well-informed and 
rapid decision making.

Ornithologist discusses bird nesting locations 
with a Chukchi reindeer herder, Chukotka, Russia. 

Photo: Julia Darkova

https://ipbes.net/glossary/western-science
https://ipbes.net/glossary/western-science
https://www.arcticpeoples.com/knowledge#indigenous-knowledge
https://www.arcticpeoples.com/knowledge#indigenous-knowledge
http://www.abds.is
http://www.abds.is
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1.3 GLOBAL LINKAGES
The size and character of Arctic ecosystems makes them 
critically important to the biological, chemical, and physical 
balance of ecosystems on a global scale. At the same time 
processes and activities outside of the Arctic directly or 
indirectly can affect Arctic biodiversity (e.g., migratory 
birds on wintering grounds) (CAFF 2013a). CAFF, therefore, 
makes significant efforts to develop strategic partnerships 
and ensure that Arctic biodiversity information provides 
value to other Arctic Council and global initiatives. This 
approach helps CAFF contribute to the achievement of 
global biodiversity goals, targets and commitments, under 
various multilateral environmental agreements and other 
international fora. Endorsed by the United Nations 
Convention on Biological Diversity (CBD 2010, 2012, CAFF 
2018), the CBMP is also the official Arctic Biodiversity 
Observation Network of the GEOBON and was one of 
the first regional BONs and has been used for inspiration 
to the overall global approach (Christensen et al. 2020).

Partnerships have been established with international 
data platforms, including the Arctic Spatial Data 
Infrastructure (Arctic SDI), GEOBON, the International 

Network for Terrestrial Research and Monitoring in 
the Arctic (INTERACT) and as an Arctic node of the 
Global Biodiversity Information Facility (GBIF), any 
appropriate data added to the ABDS is automatically 
made accessible via the GBIF. Information generated 
by the CBMP–Terrestrial Plan is thus available to 
inform regional and global assessments and to bring 
monitoring data collected at the local and circumpolar 
scale into international reporting. Information has been 
used, for example, in global biodiversity outlooks of the 
Convention on Biological Diversity (CBD 2010, 2014) 
and assessments under the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services 
(IPBES, https://www.ipbes.net/) assessments.

The outputs of START will contribute to these and other 
assessments and processes, including assessing progress 
towards the Convention on Biological Diversity’s Aichi 
Biodiversity Targets, the upcoming post-2020 biodiversity 
targets and any regional or global processes that affect 
Arctic biodiversity.

Vegetation monitoring. Photo: Lawrence Hislop

https://www.ipbes.net/
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2 SETTING THE SCENE

Photo: Andrei Stepanov/Shutterstock.com
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2.1 ARCTIC TERRESTRIAL 
ECOSYSTEMS 
The Arctic contains large terrestrial areas with 
diverse ecosystems that sustain important and unique 
biodiversity. The conditions that govern Arctic terrestrial 
ecosystems differ from other terrestrial ecosystems 
(with exception of the Antarctic) across the globe due 
to the extreme cold, strong winds, drought, extended 
darkness during winter with consequent brightness 
during summer, albeit with a short growing season. 
Arctic ecosystems harbour highly specialised organisms, 
including some endemic taxa that have adapted to 
survive in these severe conditions and migratory 
species that exploit rich Arctic resources during summer 
breeding periods.

The terrestrial Arctic comprises an area of approximately 
7 million square kilometres of which 46% is vegetated, 
29% is ice, 21 % is barren while a mere 4% is freshwater 
(Raynolds et al. 2019). The freshwater habitats do, however, 
influence the terrestrial ecosystems substantially for 
various reasons, for example, larval stages of insects living 
in freshwater habitats (Lento et al. 2019) and foraging 
areas for water birds and waders. The vegetation of the 
terrestrial Arctic can be categorised into five bioclimatic 
subzones (Figure 1-2 and Figure 2-1). The bioclimatic 
subzones are primarily differentiated by annual average 
temperature, resulting in a vertical structure of plant 
cover ranging from subzone A (less than 5% vascular 
plant cover, mostly moss and lichen) to subzone E (100% 
vascular plant cover, with shrubs up to 80 centimetres) 
(Christensen et al. 2013, CAVM Team 2003). This is 
accompanied by a strong latitudinal gradient in primary 
production; with net annual production ten times lower 
in the high Arctic islands than in the low Arctic. Primary 
production also varies longitudinally, with primary 
production significantly greater in Arctic Alaska, coastal 
Russia west of Novaya Zemlya and on the Taymyr 
Peninsula, than elsewhere.

There is a great variation and heterogeneity among 
terrestrial Arctic ecosystems. This is further described as 
biogeographical areas in the Annotated Checklist of the 
Pan-Arctic Flora (Elven et al. 2020), as vegetation zones 
(Walker et al. 2005, Raynolds et al 2019) or as ecoregions 
recognised by Terrestrial Ecoregions of the World (Olson 
et al. 2001). The START focuses on high and low Arctic 
regions consistent with the CAVM’s subzones A to E, as 
shown in Figure 1-2 and Figure 2-1. 

Endemism has only been studied in detail in the Arctic for 
terrestrial mammals, birds and vascular plants and is not 
very common. Among vascular plants, however, there 
is great geographical variation, with endemic species 
concentrated in some areas (e.g., Taymyr, Chukotka, 
northern Alaska, Ellesmere Island, and east Greenland) 
and none known in some others (CAFF 2013a).

2.2 FOCAL ECOSYSTEM 
COMPONENTS
Given the complexity of ecosystems, even systems with 
relatively few species, such as the Arctic, benefit from the 
selection of surrogates for monitoring targets (Boutin et 
al. 2009). A process to identify and rank potential priority 
monitoring and reporting targets is particularly critical 
due to resource and logistical constraints. Even the 
most ambitious monitoring programme cannot monitor 
and report on all desired elements, everywhere, all the 
time. This is especially true for remote Arctic locations 
where access is logistically challenging and very costly 
(Schmidt et al. 2017, Christensen et al. 2020). 

To address this, the CBMP employs the FEC approach 
developed for the CBMP–Terrestrial Plan. A list of priority 
FECs and related attributes and parameters were 
identified based on the priority questions and conceptual 
models outlined in the CBMP–Terrestrial Plan. Priority 
attributes were identified using four criteria: 

 ► ecological significance (central to the function 
of the ecosystem and/or sensitive to potential 
stressors) as identified through the development 
of conceptual ecological models;

 ► relevance to ecosystem services;
 ► value to Arctic Indigenous and non-Indigenous 

Peoples; and
 ► usefulness for management and legislative needs.

FECs are, therefore, the biotic taxa that are ecologically 
pivotal, charismatic and/or sensitive to changes in 
biodiversity and/or environmental conditions. Arctic 
terrestrial experts chose the most representative FECs 
as indicators of Arctic terrestrial ecosystem status and 
trends. FECs are considered central to the functioning of 
an ecosystem, of major importance to Arctic residents and/
or likely to be good proxies of change in the environment; 
for example, species of vegetation that provide forage.

Parameters to be measured in the field furthermore were 
refined by several criteria, among them sensitivity to 
drivers of change (Christensen et al. 2013). Furthermore, 
more consideration was given to the likelihood of the 
identified FEC having regular representation in existing 
databases for the circumpolar Arctic. For example, 
although microbial soil biota are an important part of the 
biodiversity and functions of terrestrial habitats, they are 
not routinely monitored in the Arctic and cannot therefore 
be assessed across the circumpolar region at this time. 

The list of essential and recommended FEC attributes and 
their parameters were refined through expert workshops 
(Christensen et al. 2020). The results are presented in 
Table 2-1 which is based on Table 4-1, 4-4, 4-5 and 4-6 in 
Christensen et al. (2013). Chapter 3 describes the status 
and trends of each FEC where data is available and 
relevant. Chapter 4 includes a summary of the state of 
data availability across FEC attributes. 
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Figure 2-1. Map of the vegetation zones of the circumpolar Arctic.

Modified from Walker et al. 2005
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2.3 THREATS AND DRIVERS OF 
CHANGE
Despite the remoteness of the Arctic, ecosystems and 
species are under increasing pressure from threats 
within and outside of northern latitudes. These 
include contaminants, overexploitation, anthropogenic 
disturbance, resource extraction, landscape alteration, 
habitat loss and fragmentation and invasive alien 
species. The unique situation in the Arctic (e.g., being 
relatively pristine and with few native species) makes it 
especially vulnerable to invasive alien species (see 3.1.3).

Climate change is the most significant threat to Arctic 
ecosystems and biodiversity (CAFF 2013a). According to 
the Intergovernmental Panel on Climate Change (IPCC 
2019), Arctic surface air temperature has increased at 
more than twice the global rate that is, when expressed 
in degrees Celcius, doubling over the past two decades 
(Notz & Stroeve 2016, Ballinger et al. 2020) with a 
plethora of effects (see Box et al. 2019). The physical, 
ecological, social, and economic impacts from climate 
change underpin the urgent need to adapt to and 
mitigate warming (IPCC 2007, IPCC 2014, AMAP 2017a, 
2017b, 2018, 2019). 

Box 2-1 provides examples of climate change trends 
reported in the 2020 National Oceanic and Atmospheric 
Administration Arctic Report Card (Thoman et al. 2020). 
The impact of this threat on terrestrial biodiversity and 
ecosystems is included throughout this report.

2.3.1 DRIVERS
Understanding links between FEC attributes and the 
drivers of change (i.e., the underlying cause of changes) 
is critical to understanding the changes observed in the 
biotic elements and the impact on food webs and trophic 
interactions. Drivers are, therefore, extremely important 
to include in conceptual models (see Section 1.1).

Drivers influencing Arctic terrestrial biodiversity can be 
categorised as biotic, abiotic, or anthropogenic, although 
substantial connections exist between drivers of these 
categories. Thus, many drivers belong in more than 
one category; for example, most abiotic climatic drivers 
could be considered anthropogenic because climate 
change is driven mainly by human activity. 

Drivers having negative effects often have corresponding 
stressors. For example, climate is a driver of growing 
seasons, while climate change could be considered 
a stressor by forcing an ecosystem from one state to 
another; for example, from tundra to forest (as defined 
in the CBMP–Terrestrial Plan).

The CBMP–Terrestrial Plan identifies several key drivers 
that influence FECs. Box 2-2 and Box 2-3 provide examples 
of key biotic and abiotic drivers, respectively. The key 
abiotic drivers are all, either directly or indirectly, linked 
to climate. Amongst the most important is the length of 
the growing season. Some stochastic events, such as ice 
on snow and related winter freezing events (rain on 
snow), can also be significant as well as defoliate events 
caused by Epirrita autumnata (Ruohomäki et al. 2000). 
Biotic drivers may be dependent upon, or result from, 
abiotic or anthropogenic drivers. Box 2-4 presents key 
anthropogenic drivers, which are partly connected to 
other drivers, in particular climate.

The Arctic is diverse and different areas respond 
differently to the same drivers depending upon both 
ecosystem and species composition and abiotic factors 
such as geology, permafrost, and pH. Details on the 
specific effects of drivers on individual FECs are 
discussed in Chapter 3.

Oil and gas development, Russia. Photo: Alexey Ivanov/Shutterstock.com
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BOX 2-1. CLIMATE CHANGE AND ITS IMPACTS IN THE ARCTIC.
Warming in the Arctic has been significantly faster than anywhere else on Earth (Ballinger et al. 
2020). Trends in land surface temperature are shown on Figure 2 2.

Figure 2-2. Mean annual SAT anomalies (in °C) for terrestrial weather stations located in the 
Arctic (60-90°N; red line) and globally (blue line) for the 1900–2020 period, relative to the 1981-
2010 means. (Ballinger et al. 2020).

This temperature increase has multiple effects, for example a shorter amount of time with snow 
cover (Mudryk et al. 2020) as seen in Figure 2-3.

Figure 2-3. Monthly snow cover extent (SCE) for Arctic land areas (>60° N) for (a) May and (b) June 
1967–2020, a 54-year record. Anomalies are relative to the 1981–2010 average and standardised 
(each observation was differenced from the mean and divided by the standard deviation, and thus 
unitless). Solid black and red lines depict 5-year running means for North America and Eurasia, 
respectively. Filled circles are used to highlight 2020 anomalies. (Mudryk et al. 2020).
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BOX 2-2. KEY BIOTIC DRIVERS OF CHANGE 
Biotic drivers (slightly modified the CBMP–Terrestrial Plan) may be dependent upon abiotic or 
anthropogenic drivers. They are from:

 ► competition and other interspecific processes
 ► invasive alien species
 ► shrubification and tree encroachment
 ► grazing/foraging
 ► pollination
 ► pathogens and parasites
 ► insect outbreaks/defoliation events
 ► habitat quality

 • connectivity
 • natural disturbance
 • breeding habitat
 • water availability

 ► health of soil biota
 ► species distribution and composition

BOX 2-3. KEY ABIOTIC DRIVERS OF CHANGE
Abiotic drivers (slightly modified from the CBMP–Terrestrial Plan) are:

 ► climate
 • length of growing season
 • temperature of air and soil
 • precipitation (rain, snow, snow cover duration and extent, icing events)
 • cloud coverage
 • extreme weather events (e.g., rain on snow, freeze-thaw cycles)

 ► site characteristics
 • soil type
 • soil pH
 • permafrost
 • soil moisture
 • topography

 ► hydrology
 ► solar radiation
 ► wind
 ► wildfires
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BOX 2-4. KEY ANTHROPOGENIC DRIVERS OF CHANGE
Anthropogenic drivers of change (slightly modified from the CBMP–Terrestrial Plan) may be 
dependent on abiotic or anthropogenic drivers. They include:

 ► land use changes and habitat conversion within the Arctic including:
 • fragmentation (linear features such as roads and pipelines)
 • infrastructure (facilities)
 • resource extraction (minerals, oil, and gas)
 • agriculture

 ► anthropogenic noise/visual/vibrations from ground/air traffic
 ► habitat change outside the Arctic (related to effects on migratory species)
 ► unsustainable harvest
 ► contaminants and pollution, including dust, generated locally and outside the Arctic
 ► climate change 
 ► introduction of invasive alien species (see also Box 2-2)
 ► tourism
 ► nutrification and enrichment
 ► domestication

BOX 2-5. HARVESTING, FOOD SECURITY, AND BIODIVERSITY
Arctic Indigenous Peoples have been sustainably interacting with Arctic biodiversity for millennia 
as part of an interconnected system. Healthy Arctic ecosystems are critical to the food security of 
Arctic Indigenous Peoples, and to all the social, cultural, economic, and spiritual components that 
food security encompasses (Inuit Circumpolar Council Alaska 2020). Harvesting provides nutritious, 
accessible, and culturally relevant foods for Arctic Indigenous Peoples. In turn, long-term harvesting, 
herding and other Indigenous cultural practices can have enduring effects on biodiversity patterns, 
such as increasing habitat heterogeneity (Josefsson et al. 2009) and promoting distinct assemblages 
of native flora (Oberndorfer et. al 2020). Sustainable harvesting both depends on and supports 
biodiversity.

A Khanty reindeer herder, Russia. Photo: Alexander Chizenok/Shutterstock.com
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2.3.2 DRIVERS AND CUMULATIVE 
EFFECTS AS PART OF THE 
CONCEPTUAL MODEL
A single driver may put relatively little pressure on the 
environment but in combination multiple repeated 
drivers can create cumulative effects. It is therefore 
important to treat drivers as related phenomena with 
biotic responses and, as they can enhance or inhibit 
each other's effects (synergistic or antagonistic effects). 
Drivers may also have direct and indirect effects on the 
ecosystem, further complicating our understanding of the 
relationships between drivers and consequent change.

Using a conceptual model is important for structuring 
analysis of the interactions between drivers and their 
effects on ecosystems, and for forming hypotheses for 
testing regarding their influence. Figure 2-4 provides 
the conceptual model for high Arctic terrestrial food 
web energy flow, including drivers and FECs, that are 
being used for the START. This figure is based upon the 
conceptual model defined in the CBMP–Terrestrial Plan. 

Ecosystems have always been changing, but the pace, 
magnitude, and cumulative impact of biodiversity 
drivers at present could push ecosystems beyond 
historic limits. There is an increasing awareness 
worldwide of cumulative effects and the need to take a 
holistic, integrated approach to management to ensure 
the sustainability of ecosystems. Ecosystem-based 

management has been identified by Arctic states as a key 
adaptive way to sustainably manage Arctic ecosystems. 
Its interdisciplinary approach considers the political, 
regional, and cultural context of an area and provides a 
flexible means to manage the effects of multiple pressures 
on Arctic ecosystems. Little is known about the patterns 
of cumulative effects and the changes these effects may 
cause, and no method or standardised approach for 
determining the impacts of cumulative effects currently 
exists. However, knowledge about spatial data on 
important areas for species and ecosystems and data 
on the distribution and intensity of human activities are 
essential in establishing a more adaptive and ecosystem-
based approach to environmental management (ICC–
Alaska 2015).

Drivers and ecosystem change can ultimately threaten 
species. The International Union for the Conservation 
of Nature (IUCN) has developed internationally adopted 
criteria for assessing and classifying the extinction risk 
for individual taxa and ecosystems—the Red List (IUCN 
2020b) and comparable criteria for the collapse risk of 
ecosystems (Bland et al. 2017). They have initiated a 
process to assess the status of Arctic species; however, to 
date, few species have been subject to assessment at the 
pan-Arctic scale (see Section 3.5).

Figure 2-4. Conceptual model of energy flow through the high Arctic terrestrial food web.

The Arctic terrestrial food web includes the exchange of energy and nutrients. Arrows to and from the driver 
boxes indicate the relative effect and counter effect of different types of drivers on the ecosystem.
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3 STATUS AND TRENDS 
IN ARCTIC TERRESTRIAL 
BIODIVERSITY

Muskoxen, Greenland. Photo: Lars Holst Hansen
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This chapter describes the status, patterns of change, 
trends, drivers and state of monitoring and knowledge 
of vegetation, arthropod, bird, and mammal FECs and 
the associated essential FEC attributes (Table 2-1). In 
addition, some recommendations for revising FECs 
and associated attributes are provided. The process of 
selecting FECs and prioritising them is presented in the 
CBMP–Terrestrial Plan. In this report, the focus is on 
essential FEC attributes because data on recommended 
attributes are rarely available and recommended 
attributes are of lower priority to stakeholders. 

Taxonomic knowledge is variable within and across 
groups. While some groups, such as birds, mammals, 
and vascular plants, have common Pan-Arctic 
taxonomic consensus, this is not the case for others, such 
as arthropods, mosses, and fungi. 

The emphasis is on FECs with sufficient data to determine 
status and trends. FECs can be one or more species in 
a guild or can represent a relatively heterogeneous 
assembly of taxa occupying a similar position in the 
Arctic terrestrial food web (for example, decomposing 
arthropods). Arctic ecosystems are relatively simple and 
are usually driven by primary production; decreased 
vegetation productivity and complexity as you move 
north, providing a determining force in the tundra 
biome´s zonal structure (Arctic Biodiversity Assessment 
Chapter 12). A conceptual model of the energy flow in 
the Arctic terrestrial food web is provided in Figure 
2-4. Conceptual models depicting different subzones 
identified in the CAVM can be found in the Arctic 
Biodiversity Assessment (Ims & Ehrich 2013).

Arctic ecosystems are characterised by species adapted 
to cold climate. They have a relatively high coverage of 
mosses and lichens, while shrubs are more or less absent 
from the most northern regions—subzones A and B 
(Figure 1-2 and Figure 2-1). Productivity is relatively 
high during summer with almost constant sunshine, 
providing the opportunity for numerous migrating 
species—in particular, birds—to travel north. Mammals, 
unlike birds, are more likely to remain local; for 
example, the few highly cold-adapted mammals living 
on the tundra. There are few species of amphibians and 
reptiles found in the Arctic, non are exclusive to the 
Arctic (Box 3-7).

Data used for assessing status and trends in different 
FECs vary. This report depends heavily upon data 
presented and reviewed in the articles published in an 
Ambio special issue, but also draws on other publications 
and datasets (see individual sub-sections for references).

While the interrelations and dependability between 
different FECs and drivers are complex and not fully 
understood, they are briefly discussed at the end of this 
chapter.

Tundra vegetation, Samantha Crimmin/Shutterstock.
com; fly, Fiona Patton; Red knots, Danita Delimont/
Shutterstock.com; and Arctic fox, Lars Holst Hansen.
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3.1 VEGETATION
Knowledge on different groups of vegetation, which includes plants and fungi, 
is very heterogeneous. Although the taxonomy of vascular plants is relatively well 
known, the checklists for both mosses and lichens are disparate with substantial 
knowledge gaps. Fungi and terrestrial algae are little known in the area. 
Plants are the main producers in Arctic ecosystems, while fungi, arthropods 
and different microorganisms are the main decomposers (Figure 2-4).

3.1.1 PATTERNS AND TRENDS OF FECS AND 
THEIR ATTRIBUTES
The CBMP–Terrestrial Plan identifies four FECs for monitoring vegetation: all 
plants (species, life-form groups and associated communities); rare species 
and species of concern; invasive alien species; and species that humans use 
as food (culturally important species). This section focuses on ‘all plants’—
specifically those with existing monitoring data—and on ‘invasive alien 
species.’ Results for the ‘species of special concern’ FEC are included in Section 
3.5. The ‘food species’ FEC was not included as data were too disparate.

High Russian Arctic. Photo: Samantha Crimmin/Shutterstock.com

Lead authors: 
Virve Ravolainen, Anne D. 
Bjorkman

Contributing authors: 
Donald Walker, Howard Epstein, 
Gabriela Schaepman-Strub
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Forty key attributes (essential and recommended) that 
pertain to vascular plants, bryophytes and lichens were 
identified for monitoring (Table 2-1). This section focuses 
on the essential attributes for which sufficient data exist. 
For ‘all plants,’ this includes productivity, composition, 
abundance, and phenology. For ‘invasive alien species’ 
it includes abundance and distribution.

This summary is based on the overviews and references 
within Bjorkman et al. (2020), Ravolainen et al. (2020), 
Jenkins et al. (2020) and Wasowicz et al. (2020), as well 
as other recent relevant literature

3.1.1.1 All Plants/Vegetation
Productivity
Primary productivity can be assessed on a circumpolar 
scale using satellite imagery that provides vegetation 
indices; frequently using an index called the Normalised 
Difference Vegetation Index (NDVI). Analysis of temporal 
trends in the greenness indices include the maximum 
NDVI (MaxNDVI) and time integrated NDVI. The U.S. 
National Oceanic and Atmospheric Administration 
reports on these annually (e.g., Frost et al. 2020). Results 
show an overall increasing trend from 1982 to 2017 
for both the MaxNDVI (Figure 3-1) and time-integrated 
NDVI. Nevertheless, some regions show a negative trend, 
such as the Yukon–Kuskokwim Delta of western Alaska, 
the high Arctic of the Canadian Archipelago, and the 
north-western and north coastal Siberian tundra. There 
is large heterogeneity in satellite-derived vegetation 
change, also found in recent studies (Myers-Smith et al. 
2020). This result is supported by Jenkins et al. (2020) 
which found a circumpolar NDVI increase between 
2000 and 2017 (see also Figure 3-1). While positive 
trends can be linked to climate change, the cause of 

Figure 3-1. Circumpolar trends in primary productivity as indicated by the maximum Normalised Difference 
Vegetation Index, 1982–2017. (a) Brown shading indicates negative MaxNDVI trends, green shading indicates 
positive MaxNDVI trends. (b) Chart of trends for the circumpolar Arctic, Eurasia, and North America. Modified 
from Frost et al. 2020.

the different positive and negative trends in different 
geographic areas over the same time period is not clear. 
It is thought to be at least partially linked to changes 
in the distribution of Arctic sea ice versus open water 
(Bhatt et al. 2010, 2017), to variation in climate and soil 
moisture (Berner et al. 2020). and to divergent NDVI data 
resulting from different sensors (Guay et al. 2014).

Composition and Abundance
Observations from plot-based studies of community 
composition and abundance also show heterogeneous 
trends (Elmendorf et al. 2012). A recent review 
(Bjorkman et al. 2020) found large variation among sites 
and species in the direction and magnitude of change 
in abundance. Forb, graminoid and shrub abundance 
changed significantly (increased or decreased) over 
time in roughly a third of published studies, while 
approximately half of the studies identified no significant 
trends (Figure 3-2). In contrast to mixed temporal 
trends, experimental warming led to clear changes in 
the abundance of lichens, which were far more likely 
to decrease in abundance in response to experimental 
warming than to increase or remain stable.

Shrub abundance is generally considered to be 
particularly sensitive to environmental change and 
the ‘greening’ observed in many areas of the Arctic is 
often attributed to the increased growth or expansion of 
shrubs. However, multiple aspects of shrub development 
(for example, area expansion, height change and 
upslope or northward movement) also demonstrate 
considerable heterogeneity, and no directional change 
in any variable consistent across the entire Arctic is 
evident (Myers-Smith et al. 2015).
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Figure 3-2. Change in forb, graminoid and shrub abundance by species or functional group over time based on 
local field studies across the Arctic, ranging from 5 to 43 years of duration. The bars show the proportion of 
observed decreasing, stable and increasing change in abundance, based on published studies. The darker portions 
of each bar represent a significant decrease, stable state, or increase, and lighter shading represents marginally 
significant change. The numbers above each bar indicate the number of observations in that group. Modified from 
Bjorkman et al. 2020.

Phenology
Phenology—the timing of life events such as green up, 
flowering and leaf senescence—is identified by the 
CBMP–Terrestrial Plan as an essential attribute. Changes 
in phenology can influence the reproductive success of an 
individual plant and consequently the population size of 
a species, potentially leading to shifts in the composition 
of Arctic plant communities. Studies have shown that 
leaf emergence (green up) and flowering typically occur 
earlier in response to experimental warming (Bjorkman 
et al. 2020). Many plot-based monitoring studies also 

documented trends toward earlier flowering over the 
duration of the studies, which ranged from 9 to 21 years 
(Figure 3-3); however, this varied by site and species 
(Bjorkman et al. 2015). Phenological observations 
through remote sensing between 2000 and 2017 
indicate an earlier start of the season (green update) in 
most southern and middle latitude regions (subzones 
E and C) while in other regions (subzones A, B and D) 
there was no change in green up (Jenkins et al. 2020).

Figure 3-3. Change in plant phenology over time based on published studies, ranging from 9 to 21 years of duration. 
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along spatial temperature gradients that traverse the 
Arctic, such as the Eurasia Arctic Transect (e.g., Walker 
et al. 2019), can also increase our understanding of 
how changing temperature might influence the plant 
communities.

3.1.1.2 Non-native Species
In 2019, 341 non-native vascular plant species were 
confirmed in the Arctic; 11 are considered invasive 
(Wasowicz et al. 2020). Regional and local studies 
indicate that invasive alien plant species are largely 
confined to areas close to human settlements (Wasowicz 
et al. 2020) and studies hitherto found that in natural 
habitats, they tend to disappear over the course of some 
years to a decade (Alsos et al. 2015). 

Although non-native plant species are found throughout 
the Arctic, they show a clustered distribution pattern 
(Figure 3-4).

The bars show the proportion of observations where 
timing of phenological events advanced (earlier) was 
stable or were delayed (later) over time. The darker 
portions of each bar represent visible decrease, stable 
state, or increase results, and lighter portions represent 
marginally significant change. The numbers above each 
bar indicate the number of observations in that group. 
Figure from Bjorkman et al. 2020.

At the end of the growing season, leaf senescence shows 
different patterns in experimental warming and in 
long-term monitoring studies (Bjorkman et al. 2020) for 
reasons currently unknown. These results correspond 
with a 2013 synthesis of leaf senescence (Oberbauer et 
al. 2013) finding mixed trends, as well as satellite records 
where no trend was observed in senescence date.

In addition to monitoring studies assessing change 
in vegetation over time, studies of vegetation change 

Figure 3-4. Number of non-native plant taxa that have become naturalised across the Arctic. No naturalised non-
native taxa are recorded from Wrangel Island, Ellesmere Land – northern Greenland, Anabar-Olenyok and Frans 
Josef Land. Modified from Wasowicz et al. 2020.
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3.1.3 COVERAGE AND GAPS IN 
KNOWLEDGE AND MONITORING
Vegetation change may be more pronounced at particular 
locations, habitats within landscape, or within vegetation 
types, and may not be uniform among similar habitat 
types across different regions. Vegetation parameters 
can be decreasing or increasing at hyper-local scales, 
even if compound measures that average the parameters 
over several ecological contexts show no change. The 
spatial heterogeneity in vegetation change over time 
and in response to environmental drivers suggests that 
effects of change in drivers needs to be investigated and 
interpreted in the context of each ecosystem and even in 
habitat-specific contexts (Ravolainen et al. 2020).

To accommodate changes in vegetation in response 
to outside influences—that is, context dependency—
monitoring programmes and long-term ecological 
research should include conceptual models on expected 
vegetation responses and their drivers, for example, the 
International Tundra Experiment (ITEX) (2020). These 
would help decipher which vegetation parameters are 
expected to change in a given ecosystem or habitat, 
what drivers are likely to play an important role, and 
how they can be monitored to provide information on 
trends and causal relationships.

Vegetation monitoring occurs across the Arctic, but 
the duration of monitoring efforts is variable and 
is dependent upon both study design and access to 
resources. Although many field studies on vegetation 
have been conducted in the Arctic (Figure 3-5), not all 
can be considered monitoring since some recorded only 
select measurements over limited time frames. Studies 
reporting on abundance and composition of vegetation 
reflect a larger and more widespread geographical 
coverage than the typically more site-limited and time-
consuming phenology studies (Figure 3-5). Geographical 
gaps in coverage of Siberia and large parts of the 
Canadian Arctic are evident.

3.1.2 EFFECT OF DRIVERS ON FECS 
AND THEIR ATTRIBUTES
The high inter- and intra-annual variability in vegetation 
parameters may give the impression that little general 
change in vegetation in the Arctic has occurred. This 
heterogeneity is, however, inherent to plant life in the 
Arctic, and a response to the drivers that influence plants 
on local and regional scales. Arctic plants are generally 
slow growing and long-lived, but they are also adapted 
to a highly variable environment. Their growth and 
abundance are tightly linked to summer temperature 
(van der Wal & Stien 2014), given sufficient moisture 
(Elmendorf et al. 2012, Myers-Smith et al. 2015). As 
temperature, moisture and other environmental 
conditions have varied greatly historically within 
and between seasons, a natural consequence is large 
variation in above ground plant abundance, phenology, 
and productivity between consecutive years at any 
given location.

Summer temperature is one of the most important 
drivers affecting plant above-ground abundance in the 
Arctic. Plant abundance strongly correlates with July 
temperature in the high Arctic as shown in Svalbard 
(van der Wal & Stien 2014); however, as demonstrated in 
Section 2.3.1, few, if any, spatially consistent, large-scale 
trends in documented plant responses to temperature 
drivers exist (Elmendorf et al. 2012). Locally, effects of 
summer and winter climate can be pronounced (Milner 
et al. 2016). In the winter, mild events followed by cold 
temperatures or ice layers on the ground can damage 
plants in some parts of the landscape. Shrubs are 
particularly vulnerable to winter damage and several 
studies have documented damage or mortality due to 
severe winter climate events (Bjerke et al. 2017). Effects 
of climate are modified both locally/regionally (Bråthen 
et al. 2017) and globally (Barrio et al. 2016) by biotic 
interactions and especially by grazing animals.

Photo: Evgeniy Trufanov
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Relatively few time series are maintained with annual or 
nearly annual recording in the Arctic. These time series 
are restricted to a handful of sites, including Svalbard 
(e.g., van der Wal & Stien 2014), the Norwegian mainland 
(e.g., Soininen et al. 2018), Greenland (e.g., Westergaard-
Nielsen et al. 2017), the Canadian high Arctic (e.g., 
Hudson & Henry 2009) and the U.S. Arctic (e.g., Wahren 
et al. 2005). In most cases, the vegetation monitoring 
at these sites is integrated with monitoring of other 
ecosystem components and environmental conditions, 
as well as climate. The International Tundra Experiment 
(ITEX) and other relevant networks, contribute valuable 
information to long-term studies of plants and their 
responses to climate change. Great variability in the 
frequency and duration of measurements occurs 
within these networks. Only recently have ecosystem-
based monitoring programmes been developed in some 
of the Arctic states, such as Norway and Greenland (Ims 
et al. 2013).

Whilst used over large areas, the resolution of the satellite 
imagery and computational and analytical power sets 
limits on what kind of information is available for the 
largest scale, such as Arctic-wide studies. Currently, 
circumpolar studies use 250 metres or larger units in the 
analysis. This scale limits the parameters to compound 
measures such as vegetation indices that give no or little 
information about which vegetation type is changing. 
Vegetation models can be used for spatial studies 
of vegetation change, but with the same limitations 
regarding spatial resolution, precision, and accuracy as 
with satellite imagery.

3.1.3.1 Recommended Revisions to FECs and 
Attributes
Based on experience obtained from producing the START, 
there are no revisions recommended for vegetation 
FECs. The FECs in themselves cover a broad spectrum of 
topics but are largely lacking in monitoring (see below).

Figure 3-5. Geographic distribution of long-term studies or monitoring sites of abundance and phenology of plants 
in the Arctic. Modified from Bjorkman et al. 2020.
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3.1.4 CONCLUSIONS AND KEY 
FINDINGS
Many of the physical and ecological parameters that 
drive terrestrial vegetation have experienced significant 
change over the past decades; for example, seasonal 
land surface temperature has increased significantly 
since 2001 (Jenkins et al. 2020). These rapid changes in 
the physical environment highlight the importance of 
a systematic approach to monitoring across the Arctic, 
including ecological responses associated with Arctic 
vegetation.

The plant productivity FEC attribute measured with 
remote sensing, had a general positive trend from the 
early 1980s to 2017. Some relatively large regions in the 
Arctic showed a negative trend, although the reasons 
are not fully understood. Plot-based studies of the 
‘community composition’ and ‘abundance’ attributes 
show large variation among sites and species in the 
direction and magnitude of change. In the majority 
of the studies, abundance of different plant groups 
remained stable. Amongst the responsive groups, shrub 
and graminoid abundance often increased, while lichen 
abundance commonly decreased over time. Shrub 
abundance increased more often in southern parts of 
the tundra than in the northern parts. Experimental 
warming studies and observational long-term studies 
show somewhat different trends. Invasive plant species 
are largely confined to human settlements, and, when 
observed in natural habitats, have been found to 
disappear in less than a decade.

Climate is one of the most important environmental 
drivers for vegetation. Plant abundance is closely linked 
to summer temperature and variable climate is reflected 
in variable above ground biomass. In some regions, 
damage to vegetation from the increasingly mild 
winters and especially ground-ice formation has been 

reported. Effects of climate can be modified by biotic 
interactions. Changes to vegetation occur in the context 
of each ecosystem and there can be strong local effects 
of environmental drivers on vegetation even if averaged 
trends may seem heterogenous or stable.

Key Findings

 ► There is considerable spatial and temporal 
heterogeneity in vegetation development in the 
Arctic; some areas show increases in production 
and abundance, while others are decreasing 
or remaining stable. However, remote sensing 
shows that since 2001 there has been a 
significant increase in vegetation productivity 
across the entire Arctic.

 ► Responses to climate change include an increase 
in the abundance of shrubs and grasses and a 
decrease in lichens and mosses.

 ► Non-native plant species are increasingly 
moving into the Arctic and are largely found 
localised in areas with human activity. Between 
2013 and 2019 the numbers of non-native plants 
detected increased by 80%, to 341. Most are still 
non-invasive.

 ► Experimental warming has shown that green-up 
and flowering can happen earlier. This trend has 
also been found in many plot-based monitoring 
studies, although not as conclusively. Remote 
sensing indicates an earlier start of the season in 
the most southern and middle latitude regions of 
the Arctic.

 ► There is a need for more long-term monitoring 
on all FECs.

Vegetation monitoring, Svalbard, Norway. 
Photo: Lawrence Hislop
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3.2 ARTHROPODS
Arthropods are a diverse group of animals including insects, spiders, and 
mites (Figure 3-6). While often small, and not instantly apparent, they are 
frequently highly abundant and are both integral to complex Arctic food 
webs and fundamental to a number of key ecosystem services. This includes 
services such as soil nutrient cycling, decomposition, and pollination, as well 
as ‘disservices’, such as blood-feeding and mammal harassment. Despite the 
diversity, this report is restricted to hard-bodied invertebrates, excluding soft-
bodied taxa due to lack of knowledge.

Through their interactions with other species, arthropods have the potential 
to directly, or indirectly, influence plant, bird and mammal diversity and 
abundance (Figure 3-7). The richness of the arthropod fauna and the intricacies 
of Arctic food webs are becoming increasingly apparent, challenging 
traditional views that Arctic webs lack complexity. Arthropods dominate the 
faunal biodiversity of the Arctic in terms of species richness and abundance, 
with some soil-dwelling species occurring at densities of up to several million 
individuals per square metre. Nonetheless, while it is well accepted that 
arthropods are vital to ecological functioning and community dynamics 

Fly on Arctic alpine fleabane, Iqaluit, Nunavut, Canada. Photo: Fiona Paton

Authors: 
Stephen J. Coulson, Mark A.K. 
Gillespie and Toke T. Høye
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Figure 3-6. Examples of arthropod 
fauna of the Arctic.

(a) noctuid moth (Apamea 
maillardi) Photo: James Speed, 

(b) Svalbard endemic aphid 
(Acyrthosiphum svalbardicus) on 
mountain avens (Dryas tetragona) 

Photo: Stephen Coulson, and  
(c) springtail (Collembola), Desoria 

tshernovi. Photo: Arne Fjellberg

Figure 3-7. Conceptual model of the FECs and processes mediated by more than 2,500 species of Arctic arthropods 
known from Greenland, Iceland, Svalbard, and Jan Mayen.

throughout the biome, the state of knowledge of Arctic 
arthropods is poor. Understanding of the arthropod fauna 
of this region remains far behind that of higher plants and 
vertebrates, both taxonomically and geographically. This 
makes their prominence in a circumpolar monitoring 
programme even more imperative.

Six FECs have been defined for terrestrial arthropods. 
Five of these are identified in the CBMP–Terrestrial Plan—
pollinators, decomposers, herbivores, prey for vertebrates 
and blood-feeding insects—and a sixth, ‘predators and 
parasitoids’, is described in Gillespie et al. 2020a. These 
FECs have yet to be applied in practice, hence baseline 
information is required. It is also important to note that 
when the FEC approach is applied to the arthropod 
fauna, it may give the impression of six independent 
units. These units are, however, highly interconnected 

with one species belonging to multiple FECs (Figure 3-8). 
Moreover, in the case of arthropods perhaps more than 
other taxa, classifying species to individual FECs can be 
challenging, as few species can be clearly assigned to, or 
have a role in, only one FEC. For example, adult moths 
and butterflies (Lepidoptera) are pollinators, but their 
larvae are primarily herbivorous, they are also host´s for 
parasitoids and serve as prey for birds. Hence, drivers 
affecting one FEC will necessarily affect the others, in 
turn feeding back to other components of the ecosystem 
as a whole.

This summary is largely based on Gillespie et al. (2020a, 
2020b), and references therein, which provides the most 
current circumpolar information on the arthropod FECs. 
Where information is not included in Gillespie et al. 
(2020a, 2020b), references are provided.

b

a

c
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3.2.1 PATTERNS AND TRENDS OF 
FECS AND THEIR ATTRIBUTES
A comprehensive review of all the FECs is not possible 
for many of the attributes and parameters due to lack 
of information, poor data coverage and taxonomic 
confusion and inaccuracies. The lack of time series on 
arthropod populations is an impediment to untangling 
and identifying drivers. Moreover, environmental 
data is often collected at scales and resolutions 
inappropriate for the arthropod fauna, restricting the 
power of environmental datasets to explain fluctuations 
and variations in these populations. Nevertheless, 
temperature, moisture and alterations in the predator 
assemblages have been identified as primary drivers 
implicated in population decline or changes in 
community composition. Even with data limitations, 
it is possible to draw some conclusions concerning the 
arthropod fauna of the North Atlantic region of the 
Arctic. This region boasts the most complete information 
and can act as an indication of how the circumpolar 
Arctic may be changing and also demonstrates the level 
of information required to determine the status and 
trends of all FEC attributes. This section provides status 
and trends for the North Atlantic region only.

Data concerning temporal trends in the status of Arctic 
arthropod populations are extremely limited. However, 
these datasets often indicate declines in abundance 
and species richness (Figure 3-9). This general picture 
mirrors the dramatic trends observed in other biomes. 
Such declines are known to have consequent effects on 
ecosystem functioning as a whole effects that are likely 
to be negative, for example reduction in pollination 
potential, increased disease, or herbivory.

3.2.1.1 Pollinators
The most important species for pollen transfer probably 
differ by region. For example, flies (Diptera) (Figure 3-10), 
especially of the genus Spilogona, are key pollinator 
species in northwest Greenland and Svalbard, while 
hoverflies are more important in Iceland and west and 
south Greenland. Sound knowledge of plant–pollinator 
interactions at each CBMP monitoring station is thus 
required to understand trends in this FEC. The most 
complete information on trends exists for Zackenberg 
Research Station (east Greenland), where analysis of trap 
catches of flies between 1996 and 2014 show dramatic 
(80%) decreases in abundance (Figure 3-11). It is worth 
noting here that while these trends are compelling and 
18-year time series are long for most monitoring in the 
Arctic, is still potentially short in terms of being able to 
pick up long-term trends and cycles.

Changes in pollinator activities have potential 
implications for Arctic food systems and culturally 
important species, such as berries. Indigenous 
Knowledge in some regions indicates increasing 
interannual variability in berry abundance (Hupp et al. 
2015) which may be particularly pronounced for plants 
with specialist pollinators in the context of climate-
driven unpredictable weather events and uncertain 
abiotic conditions (Brown & McNeil 2009). Berries 
are also important to foraging tundra birds, such as 
certain geese (adults and goslings) and passerines in the 
breeding season, as well as for storing body reserves 
prior to autumn migration (Bairlein 1990, Norment & 
Fuller 1997, Batt 1998, Cadieux et al. 2005).

Figure 3-8. Chord diagram 
illustrating the multi-
functionality of Arctic 

arthropods. 

The diagram indicates the 
number of species in each FEC 

for the North Atlantic region 
of the Arctic (circular outline) 

and the overlap between the five 
CBMP–Terrestrial Plan FECs 

and the additional ‘predators’ 
FEC. The link width indicates 
the number of species linking 
two FECs. The larger the link 

the more species that are found 
in linking FECs. Modified from 

Gillespie et al. 2020a.
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Figure 3-9. Temporal trends of arthropod abundance for three habitat types at Zackenberg Research Station, 
Greenland, 1996–2016. Data are grouped as the FEC ‘arthropod prey for vertebrates’ and separated by habitat 
type. Solid lines indicate significant regression lines at the p<0.05. Modified from Gillespie et al. 2020a.

Figure 3-11. Trends in four muscid species occurring at Zackenberg Research Station, east Greenland, 1996–2014. 
Declines were detected in several species over five or more years. Significant regression lines drawn as solid. 
Non-significant as dotted lines. Modified from Gillespie et al. 2020a. (in the original figure six species showed a 
statistically significant decline, seven a non-significant decline and one species a non-significant rise)

Figure 3-10. Flies, such as this dagger fly 
(Rhamphomyia caudate), provide valuable 
pollination services. Photo: Stephen Coulson.
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This project monitors abundance of Icelandic moths 
such as the dotted shade moth (Eana osseana, Figure 
3-15) The differences in trends in species richness 
between different locations illustrate the spatial and 
annual variation that is typical for many groups of 
arthropods, precluding generalisations and again 
highlighting the requirement for long-term data and 
greater geographical representation. 

Figure 3-13. Population trends for springtails in Empetrum nigrum plant community in Kobbefjord, Greenland, 
2007–2017. (a) mean population abundance of total Collembola in individuals per square metre, (b) mean number 
of species per sample, and (c) Shannon-Wiener diversity index per sample. Vertical error bars are standard errors 
of the mean. Solid lines indicate significant regression lines. Modified from Gillespie et al. 2020a.

Figure 3-12. Springtail (Isotoma viridis), a 
decomposer, is approximately 2 millimetres in 

length. Photo: Arne Fjellberg

Figure 3-15. Dotted shade moth (Eana 
osseana), Iceland. Photo: Erling Ólafsson/

Icelandic Institute of Natural History

3.2.1.2 Decomposers
The decomposer community represents the most 
common feeding mode in both the Arctic and global 
food webs. These species are key to nutrient cycling 
and decomposition and thus have direct connections to 
other FECs (Figure 3-7). This FEC includes groups such as 
springtails and mites (Figure 3-12).

Few data on trends in soil fauna communities are 
available and those that are available are difficult to 
interpret. Data concerning the springtails (Collembola) 
at Kobbefjord, Greenland, indicate that abundance has 
been increasing over the last 10 years, species richness 
has remained relatively stable, but diversity has 
decreased significantly (Figure 3-13). The Zackenberg 
dataset, however, shows contrasting patterns. The 
recent trend of warmer activity seasons and milder 
winters were associated with lower abundances of 
springtails in all habitat types (wet fen, mesic heath, and 
arid heath), indicating a sensitivity to climatic variation. 
These examples demonstrate that sampling for this FEC 
requires data collection from multiple sites, that there 
will be differences between sites, and that patterns will 
be difficult to interpret.

3.2.1.3 Herbivores
Close association with food plants can make arthropods 
in the herbivore FEC important indicators of Arctic 
environmental change. Although only 2% of primary 
production is estimated to be consumed by Arctic 
arthropod herbivores, the prevalence of herbivores, 
and occurrence of herbivore outbreaks, is expected to 
increase in frequency and/or extent with a warming 
climate (e.g., due to northward expansions of species). 
In recent years, unprecedented outbreaks of indigenous 
defoliating insects have caused severe declines in berry 
yields for Indigenous communities (Reich et al. 2018).

The Nordic Moth Monitoring Scheme project, established 
in 1995 in Iceland, provides amongst the best long-term 
data for arthropod herbivore populations (Figure 3-14). 
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Figure 3-14. Trends in total abundance of moths and species richness, from two locations in Iceland, 1995–2016. 
Trends differ between locations. The solid and dashed straight lines represent linear regression lines which are 
significant or non-significant, respectively. Modified from Gillespie et al. 2020a.

3.2.1.4 Prey for Vertebrates
Many species of birds and other vertebrates exploit the 
rich arthropod communities at their summer Arctic 
feeding grounds. As a result, abundance and phenology 
of arthropod species are considered important FEC 
attributes. Phenology is particularly important from 
a climate change perspective due to the short activity 
season for arthropods and their differing responses 
to environmental cues, increasing the potential for 
phenological mismatch. Certain arthropod taxa 
may show opposite responses in abundance to 
environmental change, for example springtails at 
Kobbefjord (Greenland). Abundance of non-biting 
midges (Chironomidae) or flies may decrease (Figure 
3-16), an effect likely related to reduced soil moisture, 
while other taxa may display increased abundance 
(Figure 3-14). Negative overall trends in the availability 
of potential arthropod prey may have consequences for 
the phenology and breeding success of local vertebrates. 
In order to draw conclusions, greater understanding of 
vertebrate diets and diet selection is required.

Figure 3-16. Temporal trends of arthropod abundance, 
1996–2009. Estimated by the number of individuals 
caught per trap per day during the season from four 
different pitfall trap plots, each consisting of eight 
(1996–2006) or four (2007–2009) traps. Modified from 
Høye et al. 2013.
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3.2.1.5 Blood-feeding
The blood-feeding FEC is important from a socio-
ecological perspective as it includes mosquitoes (Figure 
3-17), black flies and lice. Harassment of Rangifer by 
mosquitoes (Culicidae) and black flies (Simuliidae) 
can prevent grazing and rumination, with subsequent 
impacts on, amongst other things, herders, and 
harvesters. In addition, black flies can cause mortality in 
Arctic peregrine falcon chicks and mosquitoes can also 
cause adult seabird mortality. Blood-feeding arthropods 
also have links to other FECs as some serve as prey for 
vertebrates and/or pollinate flowers. There are also 
links to freshwater systems as many mosquitoes and 
black flies have aquatic larvae, thus understanding 
changes in Arctic freshwater ecosystems will be 
crucial in determining the trajectory of mosquitoes 
and populations of other biting insects with an aquatic 
immature stage (Lento et al. 2019). Earlier pond melt, 
coupled with faster development, is also expected to 
lead to a continued trend towards earlier emergence of 
mosquitoes and black flies.

Figure 3-17. The widespread Arctic mosquito, Aedes 
nigripes. Photo: Pål Hermansen

3.2.1.6 Predators and Parasitoids
As part of an intermediate trophic level of Arctic food 
webs, this group is critical for community dynamics 
and is likely to be more responsive to changes in lower 
trophic levels than vertebrate predators. This FEC was 
not initially defined in the CBMP–Terrestrial Plan, 
however, Gillespie et al. 2020a, highlighted the necessity 
of including it as a distinct container for some arthropod 
species (Figure 3-18). While predatory arthropods make 
up a large proportion of the ‘prey for vertebrates’ FEC, 
less knowledge exists regarding arthropod predatory 
behaviour than for vertebrate prey selectivity. 

3.2.1.7 Distribution of Species
Arthropod diversity generally decreases with increasing 
latitude in the Arctic, although the extent varies between 
regions. The extent of cryptic and genetic diversity is not 
yet understood. Observed patterns are related, in part, 
to the reduced number of ecological niches at higher 
latitudes and the need for more specialised adaptations 
for survival at greater environmental extremes. 
Among the faunal districts of Greenland, the two most 
arthropod diverse regions are the southwest and 
northeast, although these patterns may reflect the size 
of these districts or the imbalance of sampling history. 
Specifically, sampling efforts have been concentrated 
at Zackenberg and in the more populated areas in 
southwest Greenland, including at the research stations 
near Nuuk and on Disko Island. A further complication in 
mapping the distribution of the arthropod fauna relates 
to taxonomic inaccuracies. Many species inventories 
are developed from lists compiled over a long period 
of time and have not been critically examined for 
synonyms or misidentifications. Recent advances in 
genetic sequencing (Ji et al. 2020) and DNA reference 
databases (Wirta et al. 2016) will undoubtedly assist 
in resolving taxonomic problems, but, largely due to 
technical challenges, arthropod sequencing studies lag 
behind vascular plant work (Alsos et al. 2007, Eidesen et 
al. 2013). In addition, little information concerning the 
arthropods from the Russian Arctic is accessible in the 
scientific literature, resulting in a lack of information for 
a large proportion of the terrestrial Arctic.

Figure 3-18. Parasitoid wasp larvae emerging from 
host moth larva. Photo: Stephen Coulson.
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3.2.2 EFFECT OF DRIVERS ON FECS 
AND THEIR ATTRIBUTES
The key drivers of change in the terrestrial ecosystem 
are described in Chapter 2. The interactions between 
these drivers and the diverse communities that comprise 
the arthropod FECs are complex and probably species 
dependent (e.g., different life histories or temperature / 
humidity responses), particularly considering how the 
drivers affect connections between arthropod FECs, link 
to the vegetation, mammal, and bird FECs (see sections 
3.1, 3.3 and 3.4), and the feedback to the arthropod FECs 
(Figure 3-7). The arthropod fauna is often highly habitat 
specific and changes in habitat characteristics—for 
example temperature, moisture, or vegetation—impact 
species occurrence and performance. Moreover, changes 
in one driver may affect the resilience or response of 
individual species, or of an entire FEC, to other drivers.

A full consideration of the drivers and their effects on 
the arthropod communities is beyond the scope of this 
report. Nevertheless, the effects of certain selected key 
drivers can be summarised. The principal abiotic driver 
of arthropod communities is climate, with temperature 
and availability of liquid water the most relevant. Arctic 
summers are characteristically short and cool, even 
if snow-free surface temperatures can dramatically 
exceed air temperatures. Changes in the duration of this 
snow-free period will potentially provide an extended 
growing season for development and reproduction of 
arthropods; however, many Arctic species may have 
specialised or inflexible life cycles and be unable to 
respond to lengthened summers (Strathdee et al. 1993, 
Hullé et al. 2008, Hodkinson 2018). Species from beyond 
the Arctic may begin to encroach on Arctic regions and 
compete with local species. Earlier snow disappearance 
could lead to an advanced phenology and earlier 
emergence of, for example, adult flies. These flies 
provide pollination services to plants and serve as food 
for nesting birds. Earlier emergence of adult flies could 
lead to a potential uncoupling between the activity 
season of the insects, the flowering period of plants and 
the breeding season of migrating birds. This may result 
in decreased plant seed set (Tuisanen et al. 2020) and 
reproductive success of nesting birds. Winter conditions 
for many regions of the Arctic are projected to continue 
to become warmer with an increased frequency of 
rain-on-snow events leading to increased surface icing 
and freeze–thaw events. Many Arctic arthropods are 
well adapted to long cold winters (Coulson & Birkemoe 
2000, Convey et al. 2015, Hodkinson 2018). The effects of 
projected warming winters on the soil arthropod fauna 
are unclear but increases in surface icing may result 
in increased winter mortality of springtails (Coulson et 
al. 2000, Hodkinson 2018). Soil moisture is critical for 
many soil dwelling arthropods. Changes in hydrology 
and soil moisture contents as a result of alterations in 
snow melt or precipitation patterns will have effects 
on these moisture sensitive communities. For example, 

observed decreases in the abundance of various species 
of fly involved in pollination at Zackenberg have been 
attributed to decreased soil moisture and mortality of 
the soil-dwelling fly larvae. In addition to the effects of 
abiotic drivers of change for arthropod communities 
are feedbacks to this community from changes in 
other FECs, including the effect of the establishment of 
invasive and invasive alien species on the indigenous 
arthropod fauna.

While invasive alien species are recognised as a major 
threat to native biodiversity in the Antarctic, little 
information about arthropod invasive alien species 
in the Arctic exists. It is, therefore, advisable to track 
and monitor new species appearing in the Arctic; for 
example, the bird tick Ixodes uriae (a potential vector 
of disease) which has recently colonised Svalbard and 
the spread of the resident mosquito Aedes nigripes. 
Some success has been achieved tracking A. nigripes 
in Greenland through the use of CO2 traps as part of a 
VectorNet initiative to complete distribution maps of 
potential European disease vectors. Generally, more 
attention is required on potential invasive alien species 
and the threat they represent to the complex food webs 
of the Arctic.

It is challenging to predict future changes to arthropod 
communities given the complexity of the system, the 
diversity of species, connections between species and 
FECs, unknown responses of the arthropod fauna 
to drivers, and uncertainties in the climate model 
projections. Nevertheless, changes in arthropod 
communities in response to drivers (Section 2.2) have 
been observed and are expected to continue with 
unknown consequences.

Swarm of mosquitoes. 
Photo: Andrei Stepanov/Shutterstock.com.
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3.2.3 COVERAGE AND GAPS IN 
KNOWLEDGE AND MONITORING
The baseline survey and ongoing monitoring required to 
adequately describe Arctic arthropod biodiversity and to 
identify trends is largely lacking. Although some existing 
publications reporting long-term and extensive sampling 
exist, they are limited in species level information, 
taxonomic coverage and/or geographic location/extent 
(Figure 3-19). The most promising existing multi-taxon 
monitoring programme is in Greenland. The Greenland 
Ecosystem Monitoring Programme has been monitoring 
arthropods as well as plants, birds, and mammals at 
Zackenberg and Kobbefjord research stations since 1996 
and 2008, respectively. Other than these monitoring 
programmes, long-term trends must be inferred from 
stand-alone studies. These studies typically focus on 
specific taxonomic groups, such as moths (Figure 
3-14) and chironomids in Iceland or recent repeats of 
historic surveys. Studies to document change from 
previous surveys can be impeded by lack of sampling 
standardisation and often have very limited ability to 
detect trends. With suitable planning, however, such 
survey updates could be carried out in other regions. 
If these occur at CBMP–Terrestrial Plan monitoring 
sites, re-surveying could provide the best source of 
information on status and trends of taxa such as spiders.

While some progress has been made, Arctic arthropods 
(and invertebrates generally) remain grossly under 

studied and under monitored. There is enormous potential 
to rectify this through the CBMP and GEO BON’s Soil 
Biodiversity Observation Network for example due to 
the arthropod’s inherent links to vegetation—through 
herbivory, pollination, and soil nutrient cycling—and to 
mammals and birds—through harassment, parasitism, and 
food provision. Data can be obtained both by monitoring 
invertebrates directly and through the combination of 
monitoring efforts across biomes and taxonomic groups. 

In general, a higher priority needs to be placed on 
arthropods in research and monitoring. Specific gaps 
that need to be addressed are:

 ► overall monitoring—the only ongoing examples 
are at Zackenberg and Kobbefjord research 
stations and various sites in Iceland, and these 
are lacking some pivotal measurements.

 ► species inventories—these are incomplete, and 
knowledge of ecological roles is lacking.

 ► collaboration and communication between 
experts across regions and taxonomic 
specialists are needed to ensure that monitoring 
opportunities are not missed. For example, 
invertebrates captured incidentally in sampling 
or studies of vegetation, soil, birds, and 
mammals could provide important insights that 
would be lost without cooperation. 

Figure 3-19. Location of long-term arthropod monitoring sites in Greenland and moth monitoring in Iceland 
Modified from Gillespie et al. 2020a
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Moreover, the following activities are required to enable 
a more thorough monitoring of arthropod communities:

 ► long-term international efforts for baseline data 
collection.

 ► monitoring of environmental data relevant to 
arthropods, for example soil temperature and 
humidity—to connect biological trends with 
environmental drivers at biologically relevant 
scales. Sampling needs to be representative of 
small-scale habitat variation to avoid the current 
gross broad scale oversimplifications.

 ► data on trends in processes, such as pollination 
and herbivory, using established protocols—
focus should be on key FEC attributes.

 ► molecular sequence libraries to simplify species 
identification and measure cryptic diversity.

3.2.3.1 Recommended Revisions to FECs and 
Attributes
The FEC attributes for arthropods as defined in the 
CBMP–Terrestrial Plan are listed in Table 2-1. Based on 
experience obtained from producing the START, some 
revisions are recommended for future monitoring. 
These are found in Table 3-1.

Table 3-1. Summary and recommended revisions to arthropod FECs and key attributes. Recommended revisions 
are shown in bold italics with the current category in brackets. “E’ means essential attributes. ‘R’ means 
recommended attributes. Dashes indicate attributes not deemed as key for the particular FEC. 
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Comments – reasons for 
suggested changes

Pollination R R E – E E (R)

Increase in the knowledge 
and understanding of the 
importance of arthropods in 
pollination services in the Arctic

Prey for vertebrates R R R – R – No change

Decomposition and 
nutrient cycling E R E – E R No change

Herbivory R R E R E E No change

Blood-feeding R R E R – No change

Predators (New FEC) E R E – R E

Gillespie et al. 2020b identified 
an additional functional group 
containing predators and 
parasitoids
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3.2.4 CONCLUSIONS AND KEY 
FINDINGS
Arthropods are a highly diverse group and occur in a 
wide range of habitats and microhabitats throughout the 
Arctic. They are integral to the complex Arctic food web 
and the function of tundra ecosystems, including social-
ecological processes. Changes in arthropod biodiversity 
will affect plants and other animals via this finely 
interconnected web. Understanding such a diverse 
and multi-functional group, such as arthropods, over 
a geographic area as large as the Arctic is challenging. 
Implementation of the CBMP–Terrestrial Plan is an 
important step forward but plans to monitor arthropods 
as groups of functionally important taxa will need 
regular refinement. There is currently a large gap in our 
knowledge and understanding of the arthropod fauna 
of the Arctic. Taxonomic uncertainty combined with the 
difficulties of sampling from many regions have resulted 
in an incomplete picture of Arctic arthropod biodiversity 
that precludes straightforward geographic comparisons. 
Similarly, it is difficult to draw meaningful conclusions as 
to the status of individual populations and communities, 
or untangle cause and effect, due to the current lack of 
long-term monitoring data and uncertainty arising from 
the natural population variations characteristic of the 
Arctic arthropod fauna. Nevertheless, analyses show 
some alarming trends. To fully identify the status and 
trends of terrestrial arthropod FECs we need to build on 
the great advances provided by the CBMP. This includes 
dedicated and coordinated survey and taxonomic work 
and the establishment and maintenance of long-term 
monitoring, surveillance and reporting of the diverse 
taxa and their abiotic environments.

Key Findings
 ► Arthropod species diversity generally decreases 

with increasing latitude, although the extent 
varies between regions. Moreover, the fauna 
is extremely habitat-specific and changes in 
habitat characteristics impact the occurrence 
of species. The extent of cryptic and genetic 
diversity is poorly known.

 ► Arthropod communities are highly variable in 
both time and space.

 ► The key role of arthropods is identified in 
connecting trophic levels, for example decomposers 
release nutrients enabling plant growth and 
herbivorous arthropods on these plants acting as 
prey items for parasitoids and vertebrates.

 ► The considerable gaps in our knowledge of 
Arctic arthropods make drawing conclusions 
concerning long-term changes particularly 
challenging. Long-term monitoring is largely 
lacking. Large interannual population variations 
amongst arthropods can mask general trends. 
Responses of arthropods are often very site 
specific which precludes generalisations of 
the response of arthropods to environmental 
change and again highlights the requirement 
for longer-term data and greater geographical 
representation.

 ► Complicated links exist between the FECs. Few 
arthropod species can be categorised in only 
one FEC, for example flies which may also act as 
pollinators, herbivores, food for vertebrates and 
hosts for parasitoids.

 ► Variable and contradictory responses are seen 
for many groups when time series data does 
exist. Significant declines in several species of 
fly were documented with 80% decreases in 
abundance in some habitats, including among 
important pollinator species. By contrast, 
a major group of decomposer arthropods, 
the springtails (Collembola), showed overall 
increases in abundance yet declines in diversity 
in some habitats in Kobbefjord. The Nordic Moth 
Monitoring Scheme time series data indicate 
that changes in species richness and abundance 
vary significantly depending on location and 
demonstrate the spatial and annual variation 
that is typical for many groups of arthropods.

 ► The declines, or changes, in arthropod abundance, 
activity and diversity observed are resulting in 
an increased phenological mismatch with other 
trophic levels and with potential consequences 
for other species groups, for example, their role in 
pollination services or as prey items for breeding 
birds with hard to predict consequences.

Photo: Micha Mylmages/Shutterstock.com
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3.3 BIRDS
There are few true Arctic specialist birds that remain in the Arctic throughout 
their annual cycle. They include the willow and rock ptarmigan (Lagopus 
lagopus and L. muta), gyrfalcon (Falco rusticolus), snowy owl (Bubo scandiacus), 
Arctic redpoll (Carduelis hornemanni) and northern raven (Corvus corax)—a 
cosmopolitan species with resident populations in the Arctic. All other terrestrial 
Arctic-breeding bird species migrate to warmer regions during the northern 
winter, connecting the Arctic to all corners of the globe. Hence, their distributions 
are influenced by the routes they follow. These distinct migration routes are 
referred to as flyways and are defined by a combination of ecological and 
political boundaries and differ in spatial scale. The CBMP refers to the traditional 
four north–south flyways, in addition to a circumpolar flyway representing the 
few species that remain largely within the Arctic year-round (Figure 3-20).

The CBMP–Terrestrial Plan identifies five FECs for monitoring terrestrial birds; 
herbivores, insectivores, carnivores, omnivores and piscivores. Due to their 
migratory nature, a wider range of drivers, from both within and outside 
the Arctic, affect birds and their associated FEC attributes compared to other 
terrestrial FECs. Figure 3-21 illustrates a conceptual model for Arctic terrestrial 

Red knot. Photo: Danita Delimont/Shutterstock.com
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Figure 3-20. Simplified illustration 
of the global migratory bird 
flyways. 

Modified based on Arctic Migratory 
Birds Initiative and Deinet et al. 
(2015).

Figure 3-21. Conceptual model for Arctic birds, illustrating examples of FECs and key drivers at different scales.

birds that includes examples of FECs and key drivers.

This summary is based on Smith et al. (2020) which 
provides the most recent and comprehensive analysis—
and literature references—of status and trends of Arctic 
terrestrial bird FECs. Additional information is drawn 
from Fuglei et al. (2020), Franke et al. (2020), Fox & Leafloor 
(2018) and references therein. For information not included 
in these papers, key references are provided. This report 
uses international English names for bird species (Gill & 
Donsker 2019). Scientific names are found in Table 3-2.

3.3.1 PATTERNS AND TRENDS OF 
FECS AND THEIR ATTRIBUTES
While over 200 species of birds are known to breed 
regularly in the Arctic, this assessment focuses on 
88 terrestrial species (Table 3-2). The list excludes 
seabirds and some sea ducks that are included under 

the CBMP Arctic Marine Biodiversity Monitoring Plan 
(Gill et al. 2011) but includes waders/shorebirds and 
geese that are also partly considered under the Arctic 
Coastal Biodiversity Monitoring Plan (CAFF 2019a). The 
CBMP–Terrestrial Plan FECs are; insectivores (waders, 
passerines), carnivores (birds of prey), herbivores 
(geese, swans, ptarmigan) and omnivores (cranes, 
ducks, raven). For some analyses, species are grouped 
into foraging guilds, which are equivalent to the CBMP–
Terrestrial Plan FECs with the addition of piscivores 
which are included with the other omnivores in the 
CBMP FECs. Status and trends are reported for both 
the FECs and taxonomic groupings (waterfowl, waders, 
other water birds, land birds) (Table 3 2). 

Although the CBMP–Terrestrial Plan defines desirable 
monitoring attributes for the FECs, only some are widely or 
regularly monitored, including CBMP’s essential attributes; 
abundance, demographic parameters and distribution for 
herbivores, carnivores, and insectivores (Figure 3-22).
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3.3.1.1 Herbivores
In Arctic tundra habitats, geese are the dominant 
herbivores—ptarmigan and tundra swans are the 
other herbivorous species. An estimated 39 million 
wild geese belonging to 68 populations of 15 species 
use Arctic habitats for part of their lifecycle. Of these, 
42 populations of 11 species are primarily Arctic tundra 
birds. The 68 populations are distributed throughout all 
four north-south flyways, with the greatest diversity in 
the African–Eurasian and Americas flyways.

The Arctic ‘white’ geese (genus Chen) of North America 
are most numerous—17.1 million individuals in six 
populations. All have increased in abundance and 
distribution over the last decade mostly due to changing 
conditions (e.g., increased access to agricultural food) 
on stop-over and wintering grounds, with several 
considered overabundant by management authorities 
in Canada and the United States (see Box 3-1). The 
Arctic taxa of ‘black’ geese (genus Branta) number 
approximately 6.1 million individuals in 15 populations 
from four species. All but one of these populations have 
been stable or increasing over the long term (more than 
30 years). The Arctic ‘grey’ geese (genus Anser) comprise 
21 populations of four species, totalling approximately 
6.4 million individuals. Of these, seven populations have 
declined in abundance over the long term, seven have 
increased and the remaining five were stable.

Rock and willow ptarmigan belong to the Circumpolar 
Flyway and are resident across the Arctic; although 
the latter occurs mainly outside the Arctic (Birdlife 
International 2016a, 2016b). Both are important 
harvested species and are prey species for endemic 
Arctic predators. No reliable global population 
estimates exist, however, crude estimates are 5 to 25 
million rock ptarmigan and 10 to 30 million willow 
ptarmigan. Although ptarmigan population sizes are 
poorly understood, variation in relative abundance is 
monitored across the Arctic (Fuglei et al., 2020). Rock 
ptarmigan showed an overall negative trend in Iceland 
(between 1980 and 2015) and Greenland (between 1995 
and 2017), a positive trend in Svalbard (between 2000 
and 2017) and no significant trend in Alaska (between 
1978 and 2016). For willow ptarmigan, a negative 
trend was found in eastern Russia, while northern 
Fennoscandia and North America4 showed no significant 
trends. Some periods of population cycles—3 to 6 year 
‘short’ and 9 to 12 year ‘long’ cycles—were evident in 
both species, with cyclicity changing through time. 
Collapses and emergences of cycles over time within the 
same populations seems to be emergent properties of 
ptarmigan population dynamics in the Arctic.

4. Data for North American includes the island of Newfoundland in 
Canada which is outside the Arctic.

Migrant insectivore passerine: 
Lapland longspur. Photo: Knud Falk

Migrant herbivore: snow geese. 
Photo: Martin Robarts/WCS

Resident herbivore: rock ptarmigan.
Photo: Knud Falk

Migrant insectivore: dunlin with 
geolocator for migration tracking. 
Photo: Ryan Askren/USGS

Resident carnivore: gyrfalcon. 
Photo: Knud Falk

Migrant piscivore: yellow-billed 
loon. Photo: Bob Wick/BLM

Figure 3-22. Example of Arctic terrestrial bird species and their FEC/foraging guilds.
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BOX 3-1. MIGRATING GEESE; CONTRASTING EXAMPLES
Geese are the most abundant Arctic avian herbivore, with many species, subspecies and sub-
populations distributed across the circumpolar Arctic (see Fox & Leafloor 2018). Arctic goose 
populations provide a good example of the variation within a FEC in level of knowledge, population 
trend, spatial distribution, and influence of external drivers outside the Arctic.

In North America, mid-continent lesser snow geese have been monitored since 1955 using 
midwinter counts on the wintering grounds in the southern U.S. and from the mid–1960s until 
2013 using photographic surveys of known Arctic breeding grounds. Most recently, abundance has 
been estimated using mark-recapture methods. The population increased from less than a million 
adult birds in 1955 to 12.6 million on average between 2006 and 2015. It was legally designated 
as overabundant in 1999, allowing for spring harvesting of the population (Koons et al. 2013). The 
rapid population increase is largely a result of increased survival in response to increased access to 
food in agricultural areas in winter. It follows an increased use of nitrogen fertilizers that resulted in 
increased yields of rice, corn, and wheat on the wintering grounds and along the flyways (Abraham 
et al. 2005).

In contrast, the lesser white-fronted goose in the Palaearctic is distributed in many small, distinct 
breeding and moulting sites (some yet unknown) across the vast Russian tundra with sub-
populations using different migration flyways and facing highly diverse conditions in relatively 
few distinct wintering sites. The eastern main population almost exclusively winters within the 
Yangtze River floodplain in China, where the birds are increasingly concentrated at one single site. 
Such concentration makes the population extremely vulnerable to local land management; a risk 
recognised by CAFF’s Arctic Migratory Birds Initiative (AMBI, CAFF 2019b). Population trends are 
based on sparse data, but it is thought that as many as 65,000 geese wintered in China in late 1980s, 
while winter counts from 2002 to 2009 showed a maximum of 18,000 individuals.

Mid-continent lesser snow goose; red 
areas (ringing sites) on the map above 
are approximate breeding areas, black 
dots are ring recoveries; inserted graph 
shows midwinter counts in the southern 
U.S., 1955–2016.

Lesser white-fronted goose breeding, moulting and 
staging areas; blue arrows indicate the inferred 
routes taken by the western main and eastern main 
populations, respectively; green and yellow lines 
indicate migration routes of the small Fennoscandian 
population (all examples from CAFF 2018).
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3.3.1.2 Insectivores
At the species level, Arctic terrestrial birds are dominated 
by waders, comprising 41 of the 88 species (47%). When 
waders and insectivorous land birds are combined 
into an insectivore guild, the guild is clearly dominant 
across all flyways. Several small passerine species have 
distributions that extend across the entire circumpolar 
Arctic and the five species within this guild with the 
largest population sizes are all passerines. The most 
abundant Arctic terrestrial bird, the Lapland longspur (  
Figure 3-22) is estimated to have a global population size 
of approximately 130 million individuals. This is greater 
than the sum of all non-passerine’s species combined.

Most passerine species monitored in the Arctic appear to 
show stable or increasing abundance over the long-term. 
However, continuous time series from North American 
wintering grounds suggests that in the last decade, 
many passerine species have begun to show declines. 
There are also observations of declines of insectivorous 
passerines in some parts of Russia and sharp declines 
of Lapland longspur populations in Scandinavia over 
the last 20 years. Despite their ubiquity, the quality of 
trend information for these species is poor, partly due to 
difficulties in combining regional trend estimates across 
their broad and contiguous geographic ranges.

Waders in the Arctic may number up to 50 million 
individuals with special concentrations on the Arctic 
coastal plain and the Yukon–Kuskokwim delta of 
northern and western Alaska, and in the Indigirka, 
Yana, Kolyma, and Lena Deltas of Russia. Figure 3-23 
summarises trends in wader populations.

3.3.1.3 Carnivores
Only four species of birds of prey are considered true 
Arctic tundra species—snowy owl, gyrfalcon, peregrine 
falcon, and rough-legged buzzard—and each is 
distributed broadly across the circumpolar Arctic. The 
first two are largely Arctic residents belonging to the 
Circumpolar Flyway (although some move to boreal 
areas in winter), while the latter two are migratory. 
Estimates of population size are uncertain. The rough-
legged buzzard is the most abundant with an estimated 
0.3 to 1 million adult individuals. The peregrine falcon 
population in the Arctic is estimated to be well over 
20,000 pairs (of different subspecies) and the gyrfalcon 
population is estimated to be fewer than 21,000 pairs. 
Population size for the snowy owl—a small mammal 
specialist in the breeding areas, with local breeding 
densities fluctuating widely in response to cyclic small 
mammal abundance—has been the subject of debate. 
In 2013, the population was estimated at 200,000 
individuals, subsequently revised to be as low as 28,000 
adult individuals (Birdlife International 2017a).

Breeding parameters of gyrfalcons (Barraquand & 
Nielsen 2018), snowy owls and rough-legged buzzards 
are strongly linked to prey exhibiting cyclical abundance 
patterns (i.e., ptarmigan and microtine rodents). In 
Scandinavia, the rough-legged buzzard population has 
declined by almost 50% since the 1970s and has been 
partly decoupled from rodent cycles (Hellström 2014). 
Populations of both falcon species are considered 
stable; most low- and sub-Arctic peregrine populations 
have increased over the past four decades as they 
recovered from the pesticide-induced population crash, 

Figure 3-23. Trends in Arctic terrestrial bird population abundance for four taxonomic groupings in four global 
flyways. Data are presented as total number of taxa (species, subspecies). Modified from Smith et al. 2020.



56    2021  |  STATE OF THE ARCTIC TERRESTRIAL BIODIVERSITY REPORT

which reached a low in mid–1970s. As an Arctic resident 
preying mainly on ptarmigan, ground squirrels and 
waterfowl, the gyrfalcon was not exposed to pesticide 
residues that affected the peregrine.

Although the CBMP–Terrestrial Plan includes the 
northern raven in the carnivore group, it is more 
accurately described as an omnivore. While no 
systematic monitoring of raven populations occurs in 
the Arctic, data indicate populations in North America 
and Europe have increased, likely due to increased 
availability of food and nest structures associated with 
anthropogenic disturbance and decreased persecution 
(Birdlife International 2017b).

3.3.1.4 Overall Trends
Data were insufficient to assess trends for 14% of Arctic 
terrestrial bird taxa (species, subspecies, or populations). 
Excluding those taxa from the analysis, declines 
were most prevalent in waders (51% of 91 taxa with 
estimated trends) and least prevalent in waterfowl (25% 
of 61 taxa). Conversely, increasing population trends 
were most common in waterfowl (47% of 61 taxa) and 
least common in waders (15% of 91 taxa) and other 
waterbirds (13% of 15 taxa) (Figure 3-23).

These broad patterns were generally consistent across 
flyways, with some exceptions. Fewer waterfowl 
populations increased in the Central Asian and East 
Asian–Australasian Flyways. The largest proportion of 
declining species was among the waders in all but the 
Central Asian Flyway where the trends of a large majority 
of waders are unknown. Although declines were more 
prevalent among waders than other taxonomic groups 

in both the African–Eurasian and Americas Flyways, the 
former had a substantially larger number of stable and 
increasing species than the latter (Figure 3-23).

Regional differences are more pronounced in the 
insectivore guild (Figure 3-24). Although diversity of 
waders was moderate in the East Asian–Australasian 
Flyway, 88% (15 of 17) of taxa with known trends were 
declining—the largest proportion of any group. Both 
short-term (the last 15 years) and long-term (more than 
30 years) trends were available for 157 taxa. Trends 
were unchanged over the two time periods for 80% of 
taxa, improved for 11% and worsened for 9%.

Estimates of quantitative indices of trends within North 
America are possible due to continuous time series 
monitoring data for most waterfowl and waders. Current 
estimates of Arctic-breeding waterfowl abundance 
tripled relative to the 1980s—largely due to increases in 
white geese—while Arctic-breeding waders halved in 
abundance and land birds declined by one-fifth.

While several taxa are declining, 10 species (in some 
cases subspecies) are currently included on the global 
Red List (see criteria in IUCN 2012a) as either Critically 
Endangered—three species, including the possibly 
extinct Eskimo curlew; Endangered—one species (great 
knot); or Vulnerable—six species. In addition, nine 
species are ranked in the less critical category Near 
Threatened (see the ranking of the species in Table 3-2). 
Nevertheless, based on current data many waders in 
North America meet the criteria for various Red List 
categories but formal designation is pending status 
review by IUCN (see further in Section 3.5).

Figure 3-24. Trends in population abundance for four guilds of Arctic terrestrial bird species across flyways. Data 
is presented as total number of taxa. Modified from Smith et al. 2020.
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3.3.2 EFFECT OF DRIVERS ON FECS 
AND THEIR ATTRIBUTES
Weather and Climate Stressors in the Arctic
Reproductive success of Arctic birds is highly variable 
across space and time for many reasons. For waders, 
predation—the primary cause of nest failure—may 
decrease with increasing latitude, vary with snow 
conditions, and weather, or change with variation in 
predator abundance and their preferred small mammal 
prey. Increased variability in snow cover observed in some 
of the Arctic breeding areas, as a manifestation of changing 
climatic conditions, can influence both the timing and the 
success of breeding efforts of ground-nesting waders. 
Whatever the underlying cause, recent results suggest 
declines in reproductive success of Arctic tundra waders 
since the 1990s, potentially contributing to the documented 
accelerating population declines. For some top predators, 
more variable weather during the breeding season, 
including increased frequency of heavy rain events and 
massive blackfly outbreaks in warm spells, is considered 
a contributing factor to reduced breeding success in some 
Arctic breeding populations of peregrine falcons  (Anctil et 
al. 2014, Franke et al. 2016, Carlzon et al. 2018).

Changes in climate, and the resulting northward shifts 
in habitats, are expected to result in a corresponding 
shift in the range of Arctic species. For some bird species 
in northern regions this can result in improved living 
conditions, while for high Arctic species in particular, 
it may cause an ‘Arctic squeeze’ as suitable conditions 
are pushed northwards and upwards. There have been 
no long-term, multi-species reviews of distributional 
changes of Arctic birds, although standardised atlas 
censuses in sub-Arctic parts of Scandinavia have 
shown northward range shifts of 0.7 kilometres per 
year for northern bird species. The Arctic Biodiversity 
Assessment (CAFF 2013a) provides examples of range 
shifts, including snowy owls breeding further north in 
western Siberia and the range expansion of short-eared 
owl into the high Arctic in eastern Canada. In addition, 
in 2017, Lapland longspurs were found breeding six 
latitudinal degrees further north of the previous known 
range in east Greenland (Lee 2018). A slightly longer 
summer has been suggested as a reason for expanding 
peregrine falcon population in high Arctic northwest 
Greenland (Burnham et al. 2012). Modelling of future 
changes suggest that shrubification of tundra habitat 
and a shrinking high Arctic climate zone may influence 
the breeding ecology of Arctic-breeding raptors 
mediated through impacts on their prey, particularly for 
gyrfalcons via early season ptarmigan availability. For 
wader species, modelling has shown that climatically 
suitable breeding conditions could shift, contract, and 
decline over the next 70 years, with 66–83% of species 
losing the majority of currently suitable area, and that 
predicted spatial shifts of breeding grounds could affect 
the species composition of the world’s major flyways 
(Wauchope et al. 2017). 

Phenological mismatches are considered among the 
leading stressors of wildlife populations arising from 
climate change. The accelerated rate of warming at 
high latitudes advances spring causing arthropod 
activity to start and peak, potentially resulting in a 
mismatch in phenology between long-distance migrant 
bird populations and their food resources in the 
Arctic breeding grounds. For herbivores, mismatched 
timing of breeding can impair chick growth because 
of a reduced nutrient content of forage plants later 
in the growing season. However, the consequences 
of mismatch are arguably most acute for migrating 
breeding insectivorous species and, potentially, their 
predators. Arctic-nesting waders, for example, travel 
thousands of kilometres each spring to take advantage 
of a burst of arthropod prey during the Arctic summer. 
A phenological mismatch between the timing of 
reproduction and the period during which these 
arthropods are abundant is one of the key hypothesised 
effects of climate change on Arctic insectivores, with 
evidence of reduced growth rates of chicks due to 
mismatch, and reduced body size of juvenile red knots 
during years of early snowmelt in high Arctic Siberia. 
However, not all studies concur; Hudsonian godwits 
in Alaska remain appropriately timed with respect to 
arthropods, sanderling chicks in Greenland have not 
been affected by the apparent mismatch documented 
there, and evidence shows that temperature increases 
can alleviate some of the negative effects of phenological 
mismatch for waders via reduced thermoregulation 
costs. Similarly, for geese, higher spring temperatures 
result in less snow cover, elevated nesting densities, 
earlier nesting, and greater nesting success, although 
other aspects of warmer summers may negate such 
demographic benefits at other stages of the breeding 
season. For more information on phenology, see Box 3-3.

Stressors along the Flyways
Causal factors for trends in many taxa are found outside 
the Arctic along the flyways. Declines among waders in 
the East–Asian Australasian Flyway are thought to be 
related to a greater than 65% loss of intertidal habitat 
in the Yellow Sea (between China and the Korean 
Peninsula). The proportions of species’ populations 
staging in the Yellow Sea was the strongest predictor 
of population trend, suggesting that failure to accrue 
sufficient resources during staging impacted a birds’ 
survival post departure. Similarly, in the west Atlantic 
portion of the Americas Flyway, individuals of the 
endangered subspecies of red knot have been shown to 
have reduced survival when they depart the primary 
staging site, Delaware Bay, U.S., in poor body condition, as 
a consequence of reduced availability of their preferred 
forage, the eggs of horseshoe crabs (Limulus polyphemus). 
A study of bar-tailed godwits migrating from West Africa 
to the Siberian Arctic showed that the birds tried to catch 
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up with earlier snow melt and main insect emergence in 
the breeding grounds by reducing refuelling time at their 
European staging site. Hence, conditions in the temperate 
zone may determine the ability of godwits to cope with 
climate-related changes in the Arctic. Finally, differential 
migration strategies may explain why Curlew sandpipers 
within the East Asian-Australasian Flyway are declining 
rapidly (9.5%– 5.5% per year) while Red-necked stints 
remain relatively stable (-3.1%–0%): While Curlew 
sandpipers rely mainly on the Yellow Sea region, which 
has recently experienced a sharp decline in suitable 
habitat, Red-necked stints make use of additional sites 
and spread their relative time en-route across sites more 
evenly (Lisovski et al., 2020).These examples demonstrate 
the crucial importance of conditions at migratory staging 
sites for Arctic waders, most of which are long-distance 
migrants. In addition, sea level rise may lead to the loss of 
dry tidal flats – along with other factors like aquaculture 
and infrastructure development – on the key stopover 
sites for Arctic waders along their flyways (Murray et al. 
2019, Reneerkens 2020).

Similarly, most Arctic goose populations, that stage or 
winter in North America and western Europe, have 
increased as a result of reduced hunting pressure and 
increased food availability in agricultural landscapes 
outside of the breeding season. In Arctic North America, 
goose populations have increased to such an extent that 
they are adversely affecting some staging and breeding 
habitats through intensive grazing and consumption of 
the below-ground plant parts (known as grubbing). In 
some cases, this leads to lasting vegetation loss. Climate 
change has also been linked to the increase in the east 
Greenland population of white-fronted geese due to 
warmer and wetter conditions in the staging (Iceland) 
and wintering areas (Scotland and Ireland) affecting 
survival rates (Doyle et al. 2020). In contrast, many goose 
populations are declining in central and eastern Asia, 
in particular where species are confined outside of the 
breeding period to natural habitats of declining quality.

Figure 3-25. Geographical coverage of terrestrial bird FEC monitoring in the Arctic.

Much of the information on populations of migrant species summarised in this section builds on monitoring on 
wintering and staging sites outside the Arctic (not mapped). Modified from Taylor et al. 2020.
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3.3.3 COVERAGE AND GAPS IN 
KNOWLEDGE AND MONITORING
Spatial and Temporal Coverage
Many population counts of gregarious migrant species, 
such as waders and geese, take place along the flyways 
and at wintering grounds outside the Arctic which 
stresses the importance of continued development of 
movement ecology studies. Monitoring of FEC attributes 
related to breeding success and links to environmental 
drivers within the Arctic takes place in a wide network 
of research sites across the Arctic, although with low 
coverage of the high Arctic zone (Figure 3-25). For some 
species, such as ptarmigan and carnivores, the coverage 
of monitoring sites is most dense in parts of North 
America, Europe, and western Russia, while vast areas of 
eastern Russia, the Canadian Archipelago and Greenland 
are sparsely covered. Nevertheless, a lack of geographical 
as well as temporal coverage of monitoring efforts is 
a problem across the circumpolar Arctic, limiting the 
ability to detect key changes. The monitoring coverage 
is currently uneven across FECs as well. Detecting and 
monitoring change requires comparisons across long 
time scales. For several terrestrial Arctic bird taxa, several 
decades of monitoring data from either breeding, staging, 
or wintering grounds are available. Examples include 
most geese populations (Fox and Leafloor, 2018), some 
waders (Deinet et al. 2015), ptarmigan (Fuglei et al. 2020) 
and falcons (Franke et al. 2020) – see these for discussion 
on variable data quality over decades of monitoring with 
shifting efforts and methods. Time spans covered by the 
monitoring programmes also differs widely across the 
Arctic with a tendency of longest time series from Europe 
and North America. 

Data Quality
Despite efforts to monitor bird populations throughout 
the Arctic, ongoing efforts to improve and coordinate 
monitoring through the development of schemes such as 
the CBMP–Terrestrial Plan, important data gaps remain. 
Nearly half of all populations of Arctic tundra birds 
have monitoring information that is considered poor or 
worse. More than a quarter of tundra bird populations 
lack trends in abundance and the quality of monitoring 
information has not improved over the last 15 years 
compared with trends over longer time periods.

The quality of the monitoring data documenting trends 
in population abundance varies widely among regions 
and taxonomic groups (Figure 3-26). Trend data were 
lacking altogether, for any time period, for 36 of 224 taxa 
(16%). In all flyways, waterfowl and waders had the 
highest quality monitoring data followed by land birds 
and then water birds. The quality of monitoring in the 
Americas and African–Eurasian Flyways was markedly 
better than for the East Asian–Australasian and Central 
Asian Flyways. Population estimates and trends are 
generally best for species that congregate at well-
identified staging sites during migration or winter, such 
as geese and some waders, and less precisely known for 
widespread species, such as many passerines, or solitary 
and thinly dispersed species such as the carnivores.

Figure 3-26. Quality of monitoring information used to describe trends in abundance for the taxonomic groups in 
four global flyways.

Trend quality categories are: (1) data are lacking such that trends are unknown, (2) regional and site-specific monitoring 
allow for assumptions of trend, (3) international monitoring allows estimation of trend direction, and (4) rigorously 
designed international monitoring programmes yield estimates of precision. Modified from Smith et al. 2020.
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However, it should be noted that the wintering ranges 
of some Arctic bird species populations overlap, 
reducing the reliability of population estimates based on 
winter counts. Moreover, flyway delineations of many 
biogeographic populations of Arctic migratory birds 
are still insufficiently known. Hence, there is a need 
to expand on the efforts of identifying and delineating 
flyways as well as on conducting censuses on the 
breeding grounds.

Information on status and trends in demographic 
parameters is generally even more fragmentary and 
is lacking for the majority of species in even the best 
monitored flyways. However, data on juvenile ratios 
have been collected for half a century, particularly by 
British ringing groups on Arctic and sub-Arctic wader 
populations. If the huge data sets could be worked up 
and published it would be a significant contribution 
to monitoring of CBMP–Terrestrial Plan FEC attribute 
‘demography’ and benefit northern wader conservation 
(see Robinson et al. 2005). For some species, such as 
widespread Arctic passerines, even population structure 
is poorly defined, making regional gaps in monitoring 
difficult to identify.

The coverage of the ‘essential’ and ‘recommended’ FEC 
attributes across foraging guilds is best for ‘abundance’ 
and ‘distribution’; for some guilds/species also ‘temporal 
cycles’, ‘demography’ (productivity) is relatively well 
monitored in parts of the Arctic.

As noted above, climate-related phenological mismatches 
are among the leading stressors of wildlife populations 
arising from anthropogenic climate change. Nevertheless, 

studies to date have shown considerable variation 
in the extent and effects of mismatch among species, 
which could be due to the short-term nature of many 
studies, the influence of local environmental drivers 
across study sites, life-history traits across species, or a 
combination of all of these factors. Thus, additional long-
term, coordinated monitoring of wader and arthropod 
populations at different sites is required to improve our 
understanding of variation in mismatch vulnerabilities 
and the potential for population level effects.

There is also inadequate monitoring of expected shifts 
in distribution due to climate change. Consistent large-
scale monitoring efforts that have shown range shifts 
in Scandinavia are lacking from the North American 
and Russian Arctic, making similarly rigorous analyses 
impossible. In addition, the network of research sites 
in the high Arctic is relatively limited, making range 
expansions and density changes difficult to detect. 
Wider involvement of community-based observations 
and citizen science can serve as an important gap-filler 
in monitoring shifts in bird species distributions.

3.3.3.1 Recommended Revisions to FECs and Key 
Attributes
The FEC attributes for birds are listed in Table 2-1. 
However, the FECs contain widely differing groups 
so additional distinction is required for practical 
monitoring and for interpreting the information in 
relation to ecosystems and effects of drivers. Table 
3-3 recommends some revised groupings of FECs and 
‘essential’ attributes for the future.

Willow ptarmigan. Photo: Nick Pecker/Shutterstock.com
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Table 3-3. Summary and recommended revisions of bird FECs and key attributes.

Recommended revisions are shown in bold italics with the current category in brackets. The attribute considered 
most important for reporting for each FEC is highlighted in orange. 

‘E’ means essential attributes. ‘R’ means recommended attributes. Dashes indicate attributes not deemed as key 
for the particular FEC.
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REASONS FOR 
RECOMMENDED CHANGES

Herbivores ptarmigan E E E R R E E
Arctic residents, cyclic 
patterns in population 
density/productivity

waterfowl 
(geese) E E E R R E Migratory

Insectivores waders E E E R R E R 

Long-distance migrants, 
partly aquatic ecology, 
monitored in Arctic 
and stopover/wintering 
sites

passerines E E E R R E

Largely short -distance 
migrants, entirely 
terrestrial ecology, very 
limited monitoring in 
and outside Arctic

Carnivores

falcons, 
rough-
legged 
buzzard, 
snowy owl, 
jaegers

E E E R E (R) E E (R)

Cyclic patterns in 
occupancy and 
productivity (except 
peregrine falcon); top 
predators ideal for 
continued contaminant 
monitoring

Omnivores
cranes, 
ducks, 
raven

E E E R R E

Raven moved from 
carnivores; ducks 
recommended move 
to CBMP Freshwater or 
Coastal

Piscivores loons, 
grebes - - - - - - -

Not a terrestrial FEC, 
recommended move 
to CBMP Freshwater or 
Coastal
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3.3.4 CONCLUSION AND KEY 
FINDINGS
The 88 Arctic-breeding terrestrial bird species are 
an integral component of Arctic ecosystems. They 
are both affected by biotic and abiotic factors and 
affect ecological change themselves. Overall, declines 
were most prevalent in waders and least prevalent in 
waterfowl (geese) and ptarmigan. Increasing population 
trends were most common in geese and least common 
in waders and other water birds. Within flyways, 
increases were generally most common in geese and 
least common among waders and water birds. Fewer 
waterfowl populations were increasing in the Central 
Asian and East Asian–Australasian flyways. The largest 
proportion of declining species was among the waders in 
all but the Central Asian Flyway, where a large majority 
of waders had unknown trends. Although declines were 
more prevalent among waders than other taxonomic 
groups in both the African–Eurasian and Americas 
flyways, the former had a substantially larger number 
of stable and increasing species.

Key Findings
Most species showed contrasting trends between different 
populations/flyways. This variation complicates drawing 
broad conclusions, except that since most bird species 
leave the Arctic in winter they are affected by a wider 
range of drivers and geographical scales than other FECs. 
A meta-view on 88 terrestrial Arctic tundra birds shows that:

 ► Many populations are stable or increasing; for 
some populations (mainly geese) the increase 
may be effects of global change – including land 
use outside the Arctic – allowing populations to 
increase beyond levels likely under undisturbed 
conditions.

 ► Variability across FECs is high, with more than 
half of all wader species declining and nearly 
half of all geese increasing. Variability across 
flyways is also high, even within FECs.  For 
example, 88% of waders are declining in the 
East Asian - Australasian Flyway, compared with 
70% of wader populations stable or increasing 
in the African - Eurasian Flyway.

 ► For more than half of all species, there 
are reasons for concern for some flyway 
populations—57% of all species had at least one 
population in decline and for 21% of the species 
all populations were declining.

 ► Trends are unknown for at some populations in 
a quarter of species—mostly in the Central Asian 
Flyway; for the remaining species, the quality of 
trends information is highly variable.

 ► Ten species are ranked in the global ‘threatened’ 
categories according to IUCN criteria— including 
two species as Critically Endangered.

 ► Populations of both ptarmigan species showed 
both positive and negative trends with no 
clear links to geographical regions, and most 
populations displayed short and long population 
cycles linked to cycles in other herbivore species 
or driven by predation.

 ► Among the predators, breeding parameters 
of gyrfalcons, snowy owls and rough-legged 
buzzards are linked to prey with cyclic 
abundance like ptarmigan and rodents—for 
both falcon species, it is likely that breeding 
populations in the Arctic are relatively stable.

 ► Climate change affects different species and 
populations very differently with no consistent 
pattern—examples include breeding failure in 
ground-nesting waders in years of late snow 
melt, reduced breeding success in peregrine 
falcons due to increased frequency of heavy 
rain events and massive blackfly outbreaks in 
warm spells, and possible range expansion of 
peregrine falcons due to longer summer season 
in high Arctic. Although evidence is diverse, 
phenological mismatches are considered 
among the leading potential stressors of wildlife 
populations arising from climate change. The 
accelerated rate of warming at high latitudes 
advances spring, causing arthropod activity 
to start and peak, potentially resulting in a 
mismatch in phenology between long-distance 
migrant bird populations and their food 
resources in the Arctic breeding grounds.

 ► Main drivers of population change—positive 
as well as negative—outside the Arctic include 
harvesting and intensified land management 
(including agricultural practises, land 
reclamation and urban development).

Northern goshawk. 
Photo: Andrei Stepanov/Shutterstcok.com
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BOX 3-2. INDIGENOUS KNOWLEDGE AND ARCTIC BIRD 
RESEARCH AND CONSERVATION
Few people are more in tune with their environment and the wildlife they depend upon than Arctic 
Indigenous Peoples. Indigenous Knowledge5 is essential for daily life and cultural resilience amongst 
Arctic Peoples. This knowledge can also help inform bird research, monitoring, management, and 
conservation. Due to the remoteness of most of the Arctic, scientific studies by non-resident scientists 
can be expensive, time-consuming and are often limited to small areas or short time periods. 

Indigenous Knowledge holders carry lived experience, as well as wisdom passed down through 
millennia. This knowledge often covers larger areas, encompasses entire annual cycles, and covers 
more extended time periods than scientific studies. This long-term perspective provides unique 
insights into emerging issues and research priorities, and can help researchers select suitable 
species, locations, and habitats for studies. The rich historical context of Indigenous Knowledge 
offers baseline information that is otherwise unattainable but critical for identification of changes. 
Research pairing Indigenous Knowledge with mainstream science, the “two-eyed seeing” approach 
as developed by Mi’kmaw Elder Dr. Albert Marshall, is more robust and can lead to more effective 
and sustainable conservation outcomes. Partnerships between Indigenous Knowledge holders and 
visiting researchers build relationships through long-term monitoring and habitat management, 
which facilitates future collaborations. Much progress has been made at increasing the awareness 
of the scientific community of the need for meaningful collaboration with Indigenous Knowledge 
holders. However, there is room for increased partnership and cross-training. 

Examples of successful collaborations include:

 ► Inuit from the Kivalliq region of Nunavut, Canada, along with Environment and Climate 
Change Canada (ECCC), had mutual concerns about changes occurring in coastal tundra 
wetlands due to climate change and degradation caused by increasing goose populations, 
and how these changes might influence bird populations in Nunavut. Inuit and scientists 
collaborated to define the research priorities and undertook a series of scientific and 
Indigenous Knowledge (Inuit Qaujimajatuqangit; IQ) studies to establish current status and 
reconstruct baselines of distribution and abundance that stretched back to the 1940s, far 
beyond the scientific records.

 ► The Kangut Project trained local researchers to carry out an IQ study in the communities 
of Arviat and Coral Harbour, Nunavut, Canada. This IQ study provided entirely new 
insights into snow goose nesting and moulting locations, timing of migration, and changes 
over time. Moreover, it provided crucial local perspectives on management concerns and 
priorities.

5. Indigenous Knowledge is a systematic way of thinking and knowing that is elaborated and applied to phenomena across 
biological, physical, cultural, and linguistic systems. Indigenous Knowledge is owned by the holders of that knowledge, often 
collectively, and is uniquely expressed and transmitted through Indigenous languages. It is a body of knowledge generated 
through cultural practices, lived experiences including extensive and multi-generational observations, lessons and skills. It 
has been developed and verified over millennia and is still developing in a living process, including knowledge acquired today 
and in the future, and it is passed on from generation to generation (ACPP 2014).

Members of the Ahiak 
Comanagement Committee, 
composed of five Inuit and 
one staff from Environment 
and Climate Change 
Canada. Photo: Vicky 
Johnston/ECCC
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BOX 3-3. PHENOLOGICAL SHIFTS: CAN ARCTIC BIRDS KEEP UP 
WITH CHANGING CONDITIONS?
The Arctic is warming at a greater rate than other places on earth, with spring arriving up to two 
weeks earlier in some areas, compared to 3-4 decades ago. With rapid climate change, the potential 
for phenological mismatches increases, when the timing of ecological events and the responses of 
bird behaviours change at different rates, potentially leaving birds lacking necessary resources – a 
phenological mismatch. Arctic migratory birds may be particularly susceptible to the changes due 
to the narrow window of ideal conditions on breeding grounds. Climate changes and subsequent 
ecological alterations to habitat, food sources, predators and competitors could impact egg hatching 
success, chick fledging success and adult survival, all of which could affect bird species populations; 
see map below for Arctic sites where phenological mismatch has been studied.

Arctic-breeding birds expend energy resources and face risks migrating long distances each year. Over 
millennia, despite annual variability in reproductive output, this strategy has proven worthwhile. 
Birds use environmental cues in wintering and migratory stopover habitats to determine timing of 
migration and arrival on the breeding grounds. The timing of spring in the Arctic has always been 
variable, and Arctic-breeding bird species have adapted to survive this level of unpredictability over 
time, at the population level. Determining the best time for migration is important to an individual’s 
breeding success and survival. Early arriving individuals may face snow and cold temperatures, 
while late arrivals may miss peak food resource availability, or may not allow enough time for their 
offspring to grow, fledge and gain energetic reserves for migration prior to the arrival of fall.

A few case studies illustrate the changes the Arctic is experiencing and the response of breeding birds:

 ► Around Utqiaġvik, Alaska, between 2003 and 2016, eight wader species showed an 
advancement of nest initiation between 0.1 to 0.9 days per year, while snowmelt advanced 
0.8 days per year. This rate of change in snowmelt timing was six times faster than the rate 
of change over the previous 60-year period. The waders showed flexible nest initiation 
dates, varying from June 11 to June 21. No species appeared to be able to advance egg 
laying at the pace of snowmelt change. Species with an opportunistic nesting settlement 
strategy were more likely to respond to changing snowmelt conditions and later nesting 
species exhibited higher response rates to changes in snowmelt. A related recent seven-year 
study indicated that waders are experiencing phenological mismatches with invertebrate 
food resources from earlier snowmelt. Birds that nested earlier generally had more food 
availability during brood rearing. However, food availability related not only to initial 
invertebrate emergence timing but to variable daily weather conditions following initial 
emergence (Saalfeld & Lanctot 2017, Saalfeld et al. 2019).

 ► From 1977 to 2008, researchers monitored the arrival time of 12 wader species in the 
Yukon-Kuskokwim Delta, Alaska. Mean arrival dates for all species occurred over a 16-day 
period in May but species showed variability of over two weeks year to year. This arrival 
of most species correlates with the timing of 10% snow cover. To date, birds appear to be 
adjusting arrival in response to the variable annual spring conditions and show no long-
term trends of change in arrival date (Ely et al. 2018).

 ► As Spring temperatures warm, certain reproductive strategies become advantageous. In 
Alaska, lesser snow geese and greater white-fronted geese are benefitting from improved 
foraging conditions due to warm temperatures arriving earlier, while black brant may be at 
a disadvantage. Snow geese and white-fronted geese utilise on-site resources at their Arctic 
breeding sites to provide fat and protein for egg development, while brant rely on resources 
accumulated prior to arrival at their nesting sites. Over time, as the warming trend 
continues, these changes could have significant population-level effects and potentially 
initiate other ecological consequences (Hupp et al. 2018).

 ► Studies of phenological mismatches between timing of reproduction and peak abundance 
of food in some species are shown in the map below. For example, for sanderlings in East 
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Greenland, an increase in phenological mismatch of 22 days was observed in a period of 18 
years (Reneerkens et al. 2016). Other species, for example Bar-tailed Godwits in the central-
Russian Arctic, have been able to keep their timing of reproduction in synchrony with 
peak abundance of food, as observed during a study period of 17 years (Rakhimberdiev 
et al. 2018). Despite the differences in phenological mismatch, the fitness consequences of 
mismatches apparently vary and are still under scientific debate.

Many questions remain: What happens when climate continues to change at different rates in 
breeding areas versus migration and wintering habitats? Will changing conditions favour some 
species over others? What ecological effects will the changes in species composition have on other 
species and their habitat? The answers will likely vary by species, population, and location. Further 
ecological studies, combined with increased climatological data, will continue to increase the 
understanding of these changes, and will allow for informed adjustments in species and habitat 
management.

Study sites across the Arctic where 
phenological mismatches between 
timing of reproduction and peak 
abundance in food have been studied 
for terrestrial bird species. Grey 
symbols show study sites where this 
phenomenon has been studied for <10 
years, light red symbols show sites 
with >10 years of data but no strong 
evidence of an increasing mismatch, 
and dark red symbols indicate sites 
with >10 years of data and strong 
evidence of an increasing mismatch. 
Circles indicate studies of shorebirds, 
squares for waterfowl and diamonds 
for both shorebirds and passerines. 
Graphic: Thomas Lameris, adapted 
from Zhemchuzhnikov (submitted).

Greater white-fronted goose nesting in snow. 
Photo: Dan Ruthrauff/USGS

Ruddy turnstone arriving in high Arctic 
breeding area, at Zackenberg, northeast 
Greenland. Photo: Erik Thomsen
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3.4 MAMMALS
The CBMP described six FECs for the monitoring of Arctic terrestrial 
mammals: large herbivores (Rangifer—reindeer/caribou, muskoxen, 
moose); medium-sized herbivores/omnivores (hares, ground squirrels); 
small herbivores (lemmings, voles); large predators (wolves, bears); medium-
sized predators (wolverine, lynx, fox); and small predators (small mustelids, 
shrews). Not all mammal FECs are found throughout the circumpolar Arctic 
and this is particularly true for individual species within a FEC. For this 
reason, the CBMP–Terrestrial Plan focused on three FECs comprising four 
species that occupy a major role in the ecosystem and have circumpolar 
(or near circumpolar) distribution: large herbivores (Rangifer, muskoxen); 
small herbivores (lemming); and medium-sized predators (Arctic fox) 
(Figure 3-27). It also identified key attributes considered to be essential or 
recommended for monitoring of these functional groups (Table 2-1).

This section summarises the primary biotic, abiotic, and anthropogenic 
drivers of the terrestrial mammal populations and how they influence the 
various FECs (Figure 3-28), with a focus on the large and small herbivores 

Arctic fox (Vulpes lagopus). Photo: Lars Holst Hansen

Lead authors: 
James Lawler, Christine Cuyler, 
Douglas MacNearney. 

Contributing authors: 
Dominique Berteaux, Dorothee 
Ehrich, Anne Gunn, Jan Rowell, 
Don Russel, Niels Martin 
Schmidt
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Figure 3-27. Examples of Arctic terrestrial mammal species representing the large herbivore, small herbivore, 
and medium-sized predator FECs. 

(a) Lemming, Photo: Anna Smirnova/Shutterstock.com, (b) Muskoxen (Ovibos moschatus), Photo: 
NaturesMomentsuk/Shutterstock.com, (c) Caribou/reindeer, Photo: Streamside Adventures/Shutterstock.com, and 
(d) Arctic fox (Vulpes lagopus), Photo: Joanna Perchaluk/Shutterstock.com. 

Figure 3-28. Conceptual model of Arctic terrestrial mammals, showing FECs, interactions with other biotic groups 
and examples of drivers and attributes relevant at various spatial scales.

a
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and medium-sized predators for which international 
monitoring networks have been established. It is largely 
based on Berteaux et al. (2017), Cuyler et al. (2020) and 
Ehrich et al. (2020). For information and references 
not included in these articles, references are provided. 
The information for Rangifer is from the Circumarctic 
Rangifer Monitoring and Assessment (CARMA) network, 
the Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC), Environment and Climate Change 
Canada, the Alaska Department of Fish and Game and 
the Canadian provincial wildlife management agencies 
of Ontario, Quebec, and Yukon. The remaining three 
mammal FECs (large and small predators and medium-
sized herbivores) remain challenging to summarise 
at this time in the absence of consistent, widespread 
monitoring efforts throughout the circumpolar Arctic.

Large Herbivores
The two large herbivore species this report focuses on are 
Rangifer tarandus and Ovibos moschatus (muskoxen). 
Both species are circumpolar in distribution. In North 
America and Greenland, R. tarandus is known as 
caribou, whereas the same species is known as reindeer 
in Eurasia. This report uses the term Rangifer to refer to 
the species collectively. In almost all Arctic nations, semi-
domestic populations of Rangifer are managed as free-
ranging livestock and, in some cases, these outnumber 
wild populations (for example in Sweden and Finland). 
This report however refers to the wild or native Rangifer 
unless otherwise specified.

While 12 subspecies of Rangifer are recognised, the 
ecology of local populations varies more in accordance 
with the available landscape than by genotype; thus, 
populations are more commonly classified into four 
‘ecotypes’ delineated by local environmental conditions 
that influence habitat use and behaviour (Mallory & Hillis 
1998). The migratory tundra or barren-ground ecotype 
of Rangifer is the most numerous and conspicuous in 
the Arctic, known for large aggregations of thousands 
of individuals and wide-ranging annual migrations of 
hundreds of kilometres between calving and winter 
ranges. The Arctic islands ecotype differs in that 
populations are constrained by available habitat and 
while some populations are migratory others are not. 
The mountain ecotype inhabits mountainous regions 
and migrations are limited to seasonal movements 
between high and low elevations to avoid predators and 
access resources. Finally, the forest or boreal ecotype 
inhabits sub-Arctic regions and typically occurs at the 
lowest population densities of all ecotypes and makes 
minimal seasonal migrations. 

Muskoxen are split into two subspecies, O. m. wardi and 
O. m. moschatus. Unlike Rangifer, muskoxen exhibit 
very low genetic diversity, even when comparing the two 
subspecies. This low diversity is exacerbated by a number 
of translocated populations, often founded by low numbers 
of individuals from predominantly one source, northeast 
Greenland, which had already lost much of its diversity.

Rangifer and muskoxen play important roles in Arctic 
ecosystems. Muskoxen and some Rangifer populations 
are relatively sedentary, whereas the migrations of some 
Rangifer populations are among the longest of any land 
mammals (Tucker et al. 2018, Joly et al. 2019). This has 
important ramifications for ecosystem function as well 
as the availability of this resource to predators, including 
humans, in the Arctic. Both Rangifer and muskoxen 
alter the distribution of plant species and nutrients. 
In addition to their role in ecosystem function, they 
are important for food security in Arctic communities, 
the cultural identity of Northern Peoples and, in some 
instances, provide economic opportunities.

The CBMP–Terrestrial Plan identified both Rangifer 
and muskoxen as essential FECs for assessing status 
and trends. These species are tracked by international 
groups of experts. For Rangifer, this is the CARMA 
network. CARMA maintains data sets on migratory 
populations and gathers information on non-migratory 
populations. For muskoxen, the Muskox Knowledge 
Network (MOXNET) consists of government and non-
governmental agencies, Indigenous Peoples, businesses, 
and academics, who exchange information. 

Until the creation of the CBMP mammal networks, there was 
only minimal collaboration or interaction within or between 
states, jurisdictions or even among scientists. By including 
a broad variety of stakeholders, the CBMP networks are 
building bridges of communication and collaboration that 
can facilitate the creation and effective implementation 
of standardised monitoring protocols. With collaboration, 
integrating the cumulative effects of the drivers (essentially 
climate and anthropomorphic related) changing species 
abundance and demographics will be possible. Ultimately, 
integration across ecosystems is the goal.

Small herbivores
This report focuses on the status and trends of lemmings 
as representing the truly Arctic small herbivores. Voles, 
the other small herbivores present in the low Arctic, are 
mainly boreal species that are also found in the Arctic. 
Lemmings are a key component of Arctic food webs 
and changes in their dynamics can affect the whole 
ecosystem through:

 ► flow of energy from plants to avian and 
mammalian predators, with effects on the 
vertebrate food web;

 ► population cycles with large (periodic) 
outbreaks, impacting predator–prey dynamics 
and vegetation;

 ► pulses of herbivory and resources for predators; 
and

 ► indirect effects of lemming cycles on many 
tundra-breeding birds, such as geese and waders, 
which serve as alternative prey for predators.

Brown lemmings (Lemmus spp.) and collared lemmings 
(Dicrostonyx spp.) are central FECs of Arctic ecosystems 
because they are the only small rodents with natural 
distributions in high Arctic regions. They are also found 
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throughout the low Arctic, where they usually co-exist 
with vole species. Both genera are widespread throughout 
the Arctic and often occur together; but there is never 
more than one species per genus at a given locality. 

Brown lemmings include the Siberian brown lemming 
(L. sibiricus), the Norway lemming (L. lemmus), the 
Wrangel Island brown lemming (L. portenkoi) and the 
Nearctic brown lemming (L. trimucronatus) (the only 
species of brown lemming in North America). Collared 
lemmings include four species in the Nearctic (North 
America and Greenland)—Nearctic collared lemming 
(D. groenlandicus), Nelson’s collared lemming (D. 
nelsoni), Richardson’s collared lemming (D. richardsoni) 
and Ungava collared lemming (D. hudsonicus)—and 
two species in the Palaearctic—Palaearctic collared 
lemming (D. torquatus) and Wrangel Island lemming (D. 
vinogradovii). The exact number of geographic species/
sub-species has been revised several times during the 
last decades (Wilson & Reeder 2005).

Medium-sized Predators
This report focuses on the status and trends of Arctic 
fox (Vulpes lagopus), the only medium-sized terrestrial 
mammalian predator that occurs throughout the 
circumpolar Arctic. It is recognised as an FEC due to its 
circumpolar distribution, role in the trophic dynamics 
of the tundra—where they often are the main predator 
and mediator of indirect trophic interactions—and 
strong sensitivity to climate change (IUCN 2009). As 
a widespread predator, Arctic foxes use a variety of 
resources. Two different ecological strategies have 
been identified in Arctic foxes, one focused mainly on 
lemmings and the second focused on birds, marine food, 
or large mammal carcasses, although recent research 
emphasises that these are two extremes of a gradient 
of strategies. While Arctic fox is the focal medium-
sized predator in this report, red fox (V. vulpes) occur 
at over half of the Arctic fox monitoring sites. Typically, 
this overlap occurs at study sites where mean summer 
temperatures are above 8°C.

3.4.1 PATTERNS AND TRENDS OF 
FECS AND THEIR ATTRIBUTES
3.4.1.1 Large Herbivores

Rangifer 
Abundance of Rangifer populations vary substantially 
through natural cycles and fluctuations due to density-
dependent processes. Variations in abundance can exceed 
ten-fold through population cycles over several decades. 
Trends in Rangifer populations should be assessed in this 
context. Some populations are also vulnerable to stressors 
such as a warming climate and industrial impacts―
including habitat fragmentation and degradation and 
disturbance from noise, dust, and light. These multiple 
and interacting stressors are cause for concern and may 
contribute to the historic lows currently observed in 
some populations. Although not all populations fluctuate 
synchronously, there can be a strong degree of synchrony 
among adjacent populations in large regions, for example 
mainland Canada (CARMA 2020).

In 2017, the migratory tundra population of Rangifer 
was approximately 2.2 million individuals in the U.S. 
(Alaska), Canada, Greenland, and Russia (Table 3-4). This 
represents a decline from about 5 million in the 1990s, 
when many populations were at peak size. This global 
declining trend has critical implications for the food 
security of Arctic Peoples (CARMA 2020). 

Between 2003 and 2017, three Alaskan populations 
declined by an average of 54%. Two other populations, 
shared with Canada, are increasing. One population, the 
Forty–Mile, is increasing due to targeted conservation 
efforts that have permitted natural rebounded from 
approximately 5,000 individuals in the 1970s to 73,000 
individuals in 2017. The second population shared with 
Canada, the Porcupine, increased by an exponential rate 
of 0.05 between 2001 and 2017 (Table 3-4, Figure 3-29). 
Caribou populations are an important resource for 
subsistence harvesters in Alaska and Canada. 

Reindeer. Photo: Evgenii Mitroshin/Shutterstock.com
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Table 3-4. Population estimates and trends for Rangifer populations of the migratory tundra, Arctic island, 
mountain, and forest ecotypes where their circumpolar distribution intersects the CAFF boundary.

Population trends (Increasing, Stable, Decreasing, or Unknown) are indicated by shading. Data sources for each 
population are indicated as footnotes. 

POPULATION ECOTYPE JURISDICTION

MOST 
RECENT 
SURVEY 
YEAR

POPULATION 
ESTIMATE 
AND TREND

Mulchatna1 Migratory tundra U.S. (Alaska) 2013 18,308

Northern Peninsula2 Migratory tundra U.S. (Alaska) 2013 2,700

Southern Peninsula3 Migratory tundra U.S. (Alaska) 2013 877

Unimak4 Migratory tundra U.S. (Alaska) 2013 192

Adak5 Migratory tundra U.S. (Alaska) 2012 2,900

Western Arctic6 Migratory tundra U.S. (Alaska) 2016 201,000

Teshekpuk6 Migratory tundra U.S. (Alaska) 2015 41,542

Central Arctic6 Migratory tundra U.S. (Alaska) 2016 22,630

Forty Mile7 Migratory tundra U.S. (Alaska)/Canada (Yukon) 2017 73,009

Porcupine8 Migratory tundra U.S. (Alaska)/Canada (Yukon) 2013 197,000

Tuktoyaktuk Peninsula8 Migratory tundra Canada (Northwest Territories) 2015 1,701

Cape Bathurst8 Migratory tundra Canada (Northwest Territories) 2015 2,259

Bluenose West8 Migratory tundra Canada (Northwest Territories) 2015 15,268

Bluenose East8 Migratory tundra Canada (Northwest Territories/
Nunavut) 2015 38,592

Bathurst8 Migratory tundra Canada (Northwest Territories/
Nunavut) 2015 19,769

Ahiak/Beverly8 Migratory tundra Canada (Northwest Territories/
Nunavut) 2011 195,529

Boothia Peninsula8 Migratory tundra Canada (Nunavut) 1995 6,658

Lorillard and Wager Bay8 Migratory tundra Canada (Nunavut) 2002 41,000

Qamanirjuaq8 Migratory tundra
Canada (Nunavut/Northwest 
Territories/Saskatchewan/
Manitoba)

2014 264,661

Baffin Island8 Migratory tundra Canada (Nunavut) 2014 4,856

Southampton Island8 Migratory tundra Canada (Nunavut) 2015 12,297

Coats Island8 Migratory tundra Canada (Nunavut) 1991 500

Cape Churchill9 Migratory tundra Canada (Manitoba/Ontario) 2007 2,937

Southern Hudson Bay9 Migratory tundra Canada (Ontario) 2011 16,638

Leaf River9 Migratory tundra Canada (Quebec) 2016 199,000

George River9 Migratory tundra Canada (Quebec/Labrador) 2016 8,938

Inglefield Land Migratory tundra Greenland 1999 2,260

Olrik Fjord Migratory tundra Greenland 2001 31

Nuussuaq Halvø Migratory tundra Greenland 2002 1,164

Naternaq Migratory tundra Greenland 1995 271

Kangerluusuaq–Sisimiut10 Migratory tundra Greenland 2010 98,300**

Akia–Maniitsoq10 Migratory tundra Greenland 2010 24,000**

Ameralik Migratory tundra Greenland 2012 11,700**

Qeqertarsuatsiaat Migratory tundra Greenland 2012 4,800

Qassit Migratory tundra Greenland 2000 196

Neria Migratory tundra Greenland 2000 1,600

Ivittuut Feral reindeer Greenland N/A
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POPULATION ECOTYPE JURISDICTION

MOST 
RECENT 
SURVEY 
YEAR

POPULATION 
ESTIMATE 
AND TREND

Taymyr11 Migratory tundra Russia 2003 500,000

Lena–Olenyk11 Migratory tundra Russia 2009 95,000

Yana Indigurka11 Migratory tundra Russia 2015 34,000

Sundrun11 Migratory tundra Russia 2002 28,500

Chukotka11 Migratory tundra Russia 2005 93,700

Dolphin and Union12 Arctic Island Canada (Nunavut/Northwest 
Territories) 2015 18,413

Banks–Victoria13 Arctic Island Canada (Nunavut/Northwest 
Territories) 2015 2,252

Western Queen 
Elizabeth13 Arctic Island Canada (Nunavut/Northwest 

Territories) 2013 7,300

East Queen Elizabeth13 Arctic Island Canada (Nunavut) 2007 3,173

Prince of Wales – 
Somerset – Boothia13 Arctic Island Canada (Nunavut) 2005 6

Svalbard14 Arctic Island Norway 2016 22,435

Novaya Zemlya Island15 Arctic Island Russia Ca.2015 5,000

Severnaya Zemlya 
Islands15,16 Arctic Island Russia Ca.1985 300

New Siberian Islands15 Arctic Island Russia Ca.2005 10–15,000

Bonnet Plume17 Mountain Canada (Yukon/Northwest 
Territories) 1982 5,000

Coal River17 Mountain Canada (Yukon/Northwest 
Territories) 2008 450–700

Finlayson17 Mountain Canada (Yukon) 2003 3,100

Hart River17 Mountain Canada (Yukon) 2015 2,660

Tay River17 Mountain Canada (Yukon) 1991 3,750

Redstone17 Mountain Canada (Yukon/Northwest 
Territories) 2012 10,000

South Nahanni17 Mountain Canada (Yukon/Northwest 
Territories) 2009 2,100

Labiche17 Mountain Canada (Yukon/Northwest 
Territories) 1993 450–700

Liard Plateau17 Mountain Canada (Yukon/British 
Columbia) 2011 150

Muskwa18 Mountain Canada (British Columbia) 2007 1,000

Pink Mountain18 Mountain Canada (British Columbia) 1993 1,725

Graham18 Mountain Canada (British Columbia) 2009 708

Torngat Mountains19 Mountain Canada (Quebec/Nunavut/
Labrador) 2017 1,326

Iceland20 Mountain Iceland 2015 5,000

Gwich’in, Inuvialuit, Sahtú, 
Wek’èezhìı, southern 
NWT21

Forest Canada (Northwest Territories) 2012 6,500

Maxhamish, Calendar, 
Snake–Sahtahneh, Parker, 
Prophet21

Forest Canada (British Columbia) 2012 1,000

Chinchaga, Bistcho, Yates, 
Caribou Mountains21 Forest Canada (Alberta) 2012 1,100
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POPULATION ECOTYPE JURISDICTION

MOST 
RECENT 
SURVEY 
YEAR

POPULATION 
ESTIMATE 
AND TREND

Spirit, Swan, Ozhiski, 
Missisa, James Bay, 
Kesagami22

Forest Canada (Ontario) 2011 2,112

Quebec boreal caribou23 Forest Canada (Quebec) 2012 6,740

Lac Joseph, Red Wine, 
Mealy Mountain21 Forest Canada (Labrador) 2012 2,983

Karelia and other Russian 
populations24 Forest Russia 2015 12,800

1Barten 2015, 2Crowley 2015a, 3Peterson 2015, 4Crowley 2015b, 5Ricca et al. 2014, 6ADFG 2017, 7Harvest Management 
Coalition 2019, ⁸COSEWIC 2016, ⁹COSEWIC 2017b, 10Cuyler et al. 2016, 11CARMA 2020, 12COSEWIC 2017a, 13COSEWIC, 
2015, 14Le Moullec et al. 2019, 15Mizin et al. 2018, 16Belikov and Kupriyanov 1985, 17Environment Yukon 2016, 
18COSEWIC 2014, 19Couturier et al. 2018, 20Þórisson 2018, 21Environment Canada 2012, 22MNRF 2014a,b, 23Équipe de 
Rétablissement du Caribou Forestier du Québec 2013, 24Gunn 2016

**2010 and 2012 survey (Cuyler et al. 2011) results considered out of date; 2018 survey suggests decline in 
Kangerlussuaq–Sisimiut while 2019 survey suggests increase in Akia–Maniitsoq and Ameralik (Cuyler unpublished)

Figure 3-29. Trends and distribution of Rangifer populations based on Table 3-4.
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Several smaller populations of caribou inhabit sub-Arctic 
portions of Alaska, including five populations along the 
Aleutian Archipelago and west coast. These populations 
are considered part of the migratory tundra ecotype 
based on genetics, although in some instances their 
ecology and habitat are similar to the mountain caribou 
ecotype found in western Canada. Population dynamics 
and trends for these populations are variable (Figure 
3-29). They are managed by the Alaska Department of 
Fish and Game through hunting quotas.

In Canada, migratory tundra caribou belong to two sets of 
populations that share similar ecological characteristics 
but different genotypes—the barren-ground caribou 
inhabiting the mainland tundra and lower Arctic islands 
to the north and west of Hudson Bay and the eastern 
migratory populations along the south and eastern shores 
of Hudson Bay through to Labrador. Overall, numbers 
of migratory tundra caribou have declined (Figure 3-29) 
from approximately 3 to 1 million across 17 populations 
between 1989 and 2016 (COSEWIC 2016, 2017b). The 
average decline is estimated at 56% since 1989, and 
five populations declined by more than 80% from peak 
numbers. While natural fluctuations were common 
for these populations in the past, current demographic 
data and threats from changing climate and industrial 
development are without historical precedent. Barren-
ground caribou are assessed as threatened by the 
Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC 2016) and the eastern migratory 
population to be designated as endangered (COSEWIC 
2017b). See also Box 3-4.

Although Greenland caribou are typically included with 
the migratory tundra populations, expanses of tundra 
similar to that of North America and Russia are absent 
in mountainous Greenland. Furthermore, Greenland 
caribou exhibit minimal seasonal movements, which 
are highly individualistic rather than the aggregations 
typical of the migratory tundra populations. As such, 
Greenland caribou ecology resembles a mixture of 
mountain and Arctic island populations (Cuyler & 
Linnell 2004, Cuyler et al. 2017). In Greenland, harvest 
management regulates 11 caribou populations of which 
10 are likely a genetic mix of native caribou and feral 
semi-domestic reindeer. Monitoring is infrequent 
and typically only includes the four commercially 
important populations in southwest Greenland. These 
are the Kangerlussuaq–Sisimiut, Akia–Maniitsoq, 
Ameralik and Qeqertarsuatsiaat populations. The four 
populations combined make up 96 to 97% of all caribou 
in Greenland. The Kangerlussuaq–Sisimiut and Akia–
Maniitsoq populations are the two largest in Greenland 
and are CARMA reference populations. Although 
changes in census methods and surveyed areas obscure 
trends, Local Knowledge for southwest Greenland is 
unanimous that there was an increase in abundance 
in the 1970s and populations have remained high 
since. Between 2000 and 2012, the status of Greenland 
caribou appeared stable (Figure 3-29) at approximately 

140,000. The 2018 and 2019 aerial surveys covered 
only the Kangerlussuaq–Sisimiut, Akia–Maniitsoq and 
Ameralik populations in southwest Greenland. The as 
yet unpublished preliminary results suggest decline in 
the Kangerlussuaq–Sisimiut population but growth in 
both Akia–Maniitsoq and Ameralik. 

In Russia, the current status of migratory tundra 
reindeer is 510,000 individuals, with an overall declining 
trend (Figure 3-29). The largest population, the Taymyr 
population, declined from an estimated 1 million in 2000 
to 370,000 in 2017. On the Yamal Peninsula, abundance 
has declined from 3,000 to 2,000 between 1991 and 
2015. The North Yakutia populations (Yana–Indigurka 
and Sundrunskaya) peaked in the 1990s and then 
subsequently declined. In contrast, the Lena–Olenek 
population increased from 55,000 in 1985 to 95,000 
in 2009 and the Chukotka population increased from 
33,000 in 1991 to 93,700 by 2015. Evaluating trends is 
complicated in some instances due to the loss of semi-
domestic reindeer to wild populations. 

Arctic island populations of Rangifer are found in 
Canada, Norway (Svalbard) and Russia. The current 
population is estimated at approximately 62,000 (Table 
3-4). Russia and Canada report long-term declines in 
abundance since the 1960s (Figure 3-29).

On the Russian Arctic islands, the Russian endemic 
subspecies R. t. pearsoni is restricted to Novaya Zemlya 
Island, where the population declined to about 5,000 
individuals in 2015 from an estimated 15,000 in 1998 
(Mizin et al. 2018). In addition to Novaya Zemlya, there 
is a stable population of 10,000 to 15,000 individuals on 
the New Siberian Islands. A small population also occurs 
on Severnaya Zemlya—300 individuals in the 1980s 
(Belikov & Kupriyanov 1985)—although no surveys 
have been conducted recently and current status is 
uncertain (Mizin et al. 2018).

In the Canadian Archipelago, Arctic island Rangifer 
consist of Peary caribou (R. t. pearyi) and Dolphin and 
Union caribou (R. t. groenlandicus). Peary caribou occur 
in four populations based on movement of individuals 
between groups of islands. Peary caribou have declined 
by about 75% from an estimated 22,000 individuals in 
1987 to 5,400 individuals in the mid-1990s, partly due 
to a large die-off around that time related to severe 
icing events. In 2014, the total Peary caribou population 
was estimated at 14,000, mostly due to rebounds in 
the Banks–Victoria and the Western Queen Elizabeth 
populations; however, in the most recent surveys of 
the Prince of Wales–Somerset–Boothia population only 
six individuals were observed and there is no sign of 
recovery (COSEWIC 2015). Dolphin and Union caribou 
are unique for their sea-ice dependent migration 
between Victoria Island and the continental mainland. 
They have undergone several range contractions and 
expansions since the beginning of the 20th century, 
however in the past two decades they have declined 
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by 50 to 60% from about 34,000 individuals in 1997 to 
18,400 in 2015. While fluctuations in the Dolphin and 
Union population have occurred naturally in the past, 
concerns remain that recovery from current declines 
may be hampered by multiple novel threats, including 
decreases in sea ice connectivity between winter 
and summer ranges due to increased icebreaker and 
commercial shipping traffic as well as climate change.

Arctic island Rangifer are also found in areas of the 
Svalbard Archipelago. Historic (pre-1925) overharvest 
nearly eradicated this endemic subspecies (R. t. 
platyrhynchus). Nevertheless, this has been followed 
by over half a century of total protection. Recently, strict 
harvest management has been permitted. Today, this 
population has recolonised almost all previous ranges. 
Current population estimate for the entire Archipelago 
is approximately 22,500 (Le Moullec et al. 2019).

Populations of Rangifer of the mountain ecotype occur 
within the CAFF boundary in Canada and Iceland (in 
Norway only south of the CAFF boundary). Generally, 
mountain Rangifer populations occur at lower densities 
than migratory tundra populations, however it is 
unclear whether this is due to the resource limitations 
of the mountainous terrain they inhabit or a longer 
history of habitat fragmentation and degradation in 
sub-Arctic regions with larger human populations and 
more resource development. Currently, within the CAFF 
boundary there are approximately 37,000 mountain 
Rangifer in at least 14 recognised populations in Arctic 
and sub-Arctic mountains (Table 3-4).

In Canada, the majority of mountain populations within 
the CAFF boundary are in the Mackenzie Mountains 
and northern Rocky Mountains of British Columbia, the 
Northwest Territories and Yukon. There is an additional 
population of mountain caribou in the Torngat 
Mountains of northeast Quebec, Labrador, and Nunavut. 
The western populations number 31,000 individuals. 
Many of the largest populations, such as Redstone and 
Bonnet Plume, are considered stable at 10,000 and 5,000 
individuals respectively (COSEWIC 2014). The Torngat 
Mountain population, however, has been assessed by 
COSEWIC as endangered, with a decline from 5,000 
individuals to 930 individuals between 1980 and 2014 
(COSEWIC 2017), although the peak population size may 
have been overestimated (Couturier et al. 2018). A more 
recent aerial survey estimated the Torngat Mountains 
population at 1,326 individuals, although with only two 
rigorous aerial surveys the trend of this population is 
still uncertain (Couturier et al. 2018). 

The Rangifer of Iceland are descended from 35 semi-
domestic reindeer translocated in the late 1700s from 
Norway. Numbers were estimated at approximately 
3,500 in 2002 and currently number around 10,000 
individuals. The population is free from large predators 
and abundance is closely managed using hunter harvest.

The forest populations of Rangifer live in sub-Arctic 
boreal regions along the southern CAFF boundary. 
In general, these populations do not form large 
aggregations like those of migratory tundra Rangifer and 
migrate only short distances to nearby seasonal ranges. 
In Canada, forest Rangifer are known as boreal caribou. 
There are 20 recognised populations, whose ranges are 
primarily located within the CAFF boundary, numbering 
approximately 20,500 individuals in total (Environment 
and Climate Change Canada 2012). Boreal caribou are 
legally listed as threatened under the Species at Risk 
Act in Canada, largely due to the impacts of industrial 
development on habitat and predator–prey dynamics.

Several populations of forest Rangifer also occur in 
Russia (Gunn 2016), although not all populations are 
within the CAFF boundary. Determining the status of 
these populations is challenging due to partial range 
overlap with migratory tundra populations and the 
difficulty of distinguishing between the two during 
survey efforts. Forest Rangifer also occur in low numbers 
in the Kainuu Region of Finland (Gunn 2016); however, 
these populations are south of the CAFF boundary.

Monitoring data on demographic, health, genetic 
diversity, and phenology parameters for Rangifer are 
less available than abundance data. CARMA (2015) found 
that monitoring frequency, methods and target data used 
to assess Rangifer populations varied among surveys, 
limiting comparative analyses across populations. A 
synthesis of trends of the FEC attributes for Rangifer is 
not currently available. Data are available for some of 
the populations through CARMA (Gunn & Russell 2015).

Distribution is also important for the assessment of 
Rangifer populations. Rangifer are distributed across 
tundra and boreal forests. Changes in the distribution 
of continental tundra Rangifer from historic eras to 
contemporary times are poorly known. Syroechkovskiy 
(2000) reported that Russian Rangifer distribution 
has contracted to the North and West, and become 
fragmented over 85% of its former range. Likewise, and 
based on Indigenous Knowledge, the southern extent of the 
winter distribution of migratory tundra populations in the 
boreal forests of central Canada has declined since 1935.

CARMA recently (2017) compiled available collar data 
(unpublished) for North American populations and found 
overall distributions have declined for all seasons since 
2010 with the most marked decline being calving grounds 
(22% decline) and winter range (18% decline). Conversely, 
the area change for summer range was a 2% decline.
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BOX 3-4. DRAMATIC RANGIFER POPULATION AND DISTRIBUTION 
DECLINES: TWO CASE STUDIES FROM THE CANADIAN ARCTIC
Migratory Rangifer populations have cyclical population dynamics and large fluctuations are well 
documented due to the cultural importance of Rangifer for Indigenous Peoples and the highly 
conspicuous phenomenon of long-distance seasonal migrations. However, while most historic 
accounts of declines in the early 20th century were followed by rebounds in population, current 
declines in migratory populations are more concerning due to unprecedented and sustained 
reductions in population size, and a novel set of obstacles to population recovery due to climate 
change and increased industrial development. 

In the case of the George River population in northern Quebec and Labrador, at peak population 
size in the early 1990s it was considered the largest population of a migratory ungulate at nearly 1 
million individuals, which was followed by a 99% reduction to less than 9,000 individuals in 2016 
and an 85% reduction in range. The decline is thought to have been driven in part by density-
dependence, as evidenced by overgrazed lichen habitats and poor body condition; however, other 
factors are thought to have contributed, such as industrial impacts on habitat, overharvesting, and 
changes in climate. While the exact mechanisms remain uncertain, the decline of the George River 
population prompted an assessment and classification by COSEWIC of endangered and threatened 
the food security and cultural wellbeing of the Indigenous Peoples of Labrador and northern Quebec 
who traditionally depend on the population. In addition to reaching the lowest population size 
since assessments began in the 1940s, the threats to recovery for this population include, further 
habitat change due to climate change, increasing industrial development within the population’s 
range—including calving and migration routes—and amplified harvesting effects in the context of 
low populations levels. The Ungava Peninsula Caribou Aboriginal Round Table was assembled in 
2017 and has brought together Indigenous governments to work together to conserve the George 
River population for future generations.

Ungava Peninsula Caribou Aboriginal Roundtable. Photo:Nadia Saganash, used with permission
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Over a similar timeframe, the Bathurst migratory population in Northwest Territories declined 
by 98% between 1986 and 2015, from approximately 450,000 to 8,200. Simultaneously, the size of 
post-calving and autumn ranges declined based on Indigenous Knowledge and data from satellite 
telemetry of collared individuals. In addition to changes in spatial use, by 2017, the population also 
changed their use of habitat—previously they wintered in the boreal forest and presently they winter 
on the tundra. This change in wintering grounds reduced the extent of the spring migration by a 
straight line distance of approximately 500 kilometres, a 50% reduction from the spring migrations 
typical in the late 1990s. Indigenous communities, concerned by the decline and impact on harvest 
opportunities and cultural wellbeing over the short- and long-terms, requested the aid of the federal 
and territorial governments in the establishment of a Bathurst Caribou Advisory Committee and to 
co-develop a range plan to provide the herd with a resilient landscape to support the population 
through multi-decadal dynamics and manage cumulative impacts of landscape disturbance with 
harvest opportunities for Indigenous communities.

Graphic from Northwest Territories Department of Environment
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Muskoxen
MOXNET identified 55 muskox populations (Table 3-5), including both native and translocated animals. The 
designated populations often reflect administrative or political regions rather than distinct muskox populations and 
their distribution within a region. Two subspecies of muskoxen, O. m. wardi and O. m. moschatus, are recognised. 
They are often referred to as ‘white-faced’ and ‘barren-ground’, respectively.

Table 3-5. Global overview of muskox populations, location, subspecies designation, origin, most recent survey 
year, population size and trend over the last 10 years. 

Population trends (Increasing, Stable, Decreasing, or Unknown) are indicated by shading. Modified from Cuyler et 
al. 2020. 

POPULATION SUBSPECIES ORIGIN MOST RECENT 
SURVEY YEAR

POPULATION 
SIZE AND TREND

U.S. (Alaska)
Nunivak Island wardi Translocated 2015 740

Nelson Island wardi Translocated 2018 444

Yukon Kuskokwim Delta wardi Translocated 2017 252

Seward Peninsula wardi Translocated 2017 2,353

Cape Thompson wardi Translocated 2017 227

North East wardi Translocated 2018 285

CANADA–mainland
Yukon                  Yukon North Slope wardi Translocated 2018 344

Northwest Territories
Inuvik moschatus Native 2009 2,855

Sahtu moschatus Native 1997 1,457

North Great Slave moschatus Native 2018 8,098

South Great Slave moschatus Native 2011 164

Nunavut     

MX-09 moschatus Native 2018 539

MX-11 moschatus Native 2013 13,592

Thelon, MX-12 moschatus Native 1994 1,095

MX-13 moschatus Native 2010 4,736

MX-10 moschatus Native 2013 3,685

Boothia Peninsula MX-08 wardi Native 2018 3,649

Quebec (Nunavik)
Ungava Bay wardi Translocated 2019 3,000

Eastern Hudson Bay wardi Translocated 2016 1,000

CANADA–Arctic Archipelago
Northwest Territories

Banks Is. wardi Native 2014 14,021

NW. Victoria Is. wardi Native 2015 14,547

Melville Is. Complex wardi Native 2012 3,716

Nunavut
E. Victoria Is. MX-07 wardi Native 2014 10,026

Pr. Wales/Somerset Is. MX-06 wardi Native 2016 3,052

Bathurst Is. Complex MX-05 wardi Native 2013 1,888

Ringnes & Cornwall Is. MX-03 wardi Native 2007 21

Axel Heiberg Is. MX-02 wardi Native 2007 4,237

Ellesmere Is. MX-01 wardi Native 2015 11,315

Devon Is. MX-04 wardi Native 2016 1,963
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POPULATION SUBSPECIES ORIGIN MOST RECENT 
SURVEY YEAR

POPULATION 
SIZE AND TREND

GREENLAND
Inglefield Land wardi Mixed 2000 273

Cape Atholl wardi Translocated 2017 212

Sigguk (Svartenhuk) wardi Translocated 2002 193

Naternaq wardi Translocated 2004 112

Sisimiut wardi Translocated 2018 2,622

Kangerlussuaq wardi Translocated 2018 20,334

Nuuk wardi Translocated 2016 14

Ivittuut wardi Translocated 2017 812

Nanortalik wardi Translocated 2018 32

Inner Kangertittivaq Fjord wardi Native 2004 562

Jameson Land wardi Native 2000 1,761

North East Greenland wardi Native 1992 12,500

SCANDINAVIA
Norway: Dovre wardi Translocated 2018 244

Sweden: Rogen Nature Reserve wardi Translocated 2017 10

RUSSIA
Yamal Peninsula wardi Translocated 2017 300

Taymyr Peninsula wardi Translocated 2017 12,100

Begicheva Island wardi Translocated 2017 230

Putorana Plateau wardi Translocated 2004 20

Anabarskay wardi Translocated 2017 1,040

Bulunskay wardi Translocated 2017 700

Indigirskay wardi Translocated 2017 350

Kolymskay wardi Translocated 2017 30

Magadan Oblast wardi Translocated 2015 16

Magadan Omulevka River wardi Translocated 2015 6

Chukotka wardi Translocated 2017 4

Wrangel Island wardi Translocated 2018 1,000

GLOBAL TOTAL MUSKOXEN circa 168,778

The current circumpolar population size estimate is 
170,000 individuals. This represents an increase from 
previous estimates of 134,000 to 137,000 in 2008, 
approximately 135,000 in 2013 and 111,000 to 135,000 in 
2017, and represents the best approximation considering 
all data ambiguities. Of the total, 80% of wild muskoxen 
are O. m. wardi and 20% are O. m. moschatus—which 
occur primarily on mainland Canada. Translocations 
over the past century have resulted in the return 
to a circumpolar distribution. All reintroduced or 
translocated animals have been O. m. wardi. As evident 
in Table 3 5, 71% of muskox populations are native and 
29% are translocated. Geographically, the majority of 
muskoxen are in Canada, followed by Greenland, Russia, 
Alaska, and Scandinavia. While some populations are in 
decline (historically some of the largest populations – 
most notably Banks Island), others have expanded their 
range or experienced increases typical of translocated 
populations (Figure 3-29). For two small populations in 

Greenland, a stable or decreasing trend is the result of 
wildlife management interventions designed around 
specific goals.

Recent trends for 38 muskox populations/regions 
(Table 3-5) show 23 increasing (36.2% of present 
global abundance), 9 stable (13.1%) and 6 decreasing 
(15.5%). Conspicuously, in 2000, two of today’s declining 
populations were then the largest native populations 
in the world, with a combined total of approximately 
87,000 muskoxen. Today, they number about 24,000. 
Mortality events caused by infectious agents have been 
identified but are unlikely the sole cause of the decline. 
Recent trends are unknown for 17 populations (35.1% 
of present global abundance). Thus, interpreting the 
true impact of these declines relative to the total global 
population is difficult. Regardless, it is evident that 
population status can change quickly.
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Information on muskox demographics is difficult 
to obtain and therefore not commonly collected or 
reported. Although circumpolar in extent, available data 
are typically only available for small areas or areas with 
high muskox densities. Demographic data are collected 
using ground-based surveys, which can be costly and 
logistically difficult to execute. Currently, our ability 
to compare sex and age across populations is limited. 
Adoption of standardised methodology would allow for 
interpretation of trends and population dynamics in the 
future.

Although the general distribution of muskoxen is well 
defined, detailed information on spatial structure is 
mostly not available. This species is widely dispersed 
and in many cases surveys are infrequent. Some 
populations of muskoxen have been observed to 
be relatively sedentary while others move between 
seasonal ranges. Muskoxen have also been observed 
vacating one region and moving to occupy new ranges. 
These factors make monitoring of spatial distribution 
challenging. Infrequent surveys also negatively impact 
our understanding of phenology in muskoxen.

Although in the past muskoxen have survived major 
shifts in climate, current genetic information reveals that 
they have gone through a number of bottlenecks and 
extirpation events resulting in low genetic variability. 
One of the consequences of this low variability is very 
low diversity in the major histocompatibility complex, 
which may lower their ability to respond to infectious 
diseases. In general, conservation of muskoxen could 
be enhanced with better understanding of muskox 
genetics.

Attention to disease in muskoxen is relatively new. 
Although infectious disease agents have been identified 
in declining populations in Alaska, Canada and Norway, 
documentation of occurrence and impacts of these 
pathogens could be improved. Attention could focus 
on overall muskox health, paired with demographic or 
abundance surveys. Cuyler et al. (2020) provide an up-
to-date overview of pathogens and diseases described in 
muskoxen in their electronic supplementary materials.

Figure 3-30. Trends and distribution of muskoxen populations based on Table 3-5.

Modified from Cuyler et al. 2020.
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3.4.1.2 Small Herbivores
Lemmings
Lemmings are currently being monitored at 38 sites. 
Their status and trends were determined based on 
data from these sites as well as recent data (since 
2000) from an additional 11 previous monitoring sites 
(Figure 3-31). Of those sites monitored, Fennoscandia 
is overrepresented relative to the geographical area it 
covers, whereas Russia is underrepresented. Based on 
the skewed geographical coverage, more information 
is available for some species of lemmings than others, 
particularly the Norwegian lemming.

Methods for monitoring small mammals varied by site 
and ranged from live trapping with multiple sampling 
events in a given year (mark–recapture studies) to 
systematically recorded incidental observations and 
qualitative indices. Annual lemming abundances were 
recorded at all sites, but mostly in the form of relative 
abundance indices. Quantitative density estimates based 
on mark-recapture live trapping were available only for 
four high Arctic sites.

As noted in the Arctic Biodiversity Assessment, large 
variability in amplitude of lemming cycles is the norm, 
making trends difficult to identify without long-term, 
multi-cycle time-series data. Given that caveat, and the 
heterogeneity of available data types, there is no current 

evidence that pan-Arctic lemming populations have 
been increasing or decreasing over the last 25 years. 
There are two exceptions―a negative trend detected 
for low Arctic populations sympatric with voles, and 
indications of a negative trend in Russia.

Abundance data for lemmings showed large amounts of 
heterogeneity across years, sites, and species. Patterns of 
fluctuations also varied. Norwegian lemmings exhibited 
regular outbreaks at three to six-year intervals, but 
sometimes much longer periods without outbreaks, 
and with large variation in amplitude. Vole peaks in 
Fennoscandia were often synchronous with lemming 
peaks, but not always. Outside of Fennoscandia, 
heterogeneity was also large. Regular cycles with a 
period of three to four years were observed at some 
sites, but this pattern varied considerably. In many 
cases, patterns were difficult to discern because of large 
differences in amplitude or changes in monitoring 
methodology. Change in species composition were 
noted at two low Arctic lemming monitoring sites: in 
2010 in Churchill, Manitoba, meadow voles (Microtus 
pennsylvanicus) were recorded after having been absent 
during monitoring in the 1990s; and in 2013 and 2014, 
voles (M. middendorffii) were observed in south-eastern 
Taymyr for the first time despite years of monitoring.

Figure 3-31. Location and trends of lemming populations at monitoring sites across the circumpolar region. 
Numbers refer to sites in Ehrich et al. 2020. Symbols indicate small rodent community composition. Modified 
from Ehrich et al. 2020.
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Lemming. Photo: Frank Fichtmueller/Shutterstock.com

In addition to abundance, the CBMP–Terrestrial Plan 
considered two other attributes to be essential for 
monitoring lemmings―health and phenology. These, 
however, were seldom monitored. Diseases and 
parasites were only monitored systematically at a few 
sites and phenology was only regularly monitored on 
Wrangel Island (one of the discontinued monitoring 
programmes). Phenological information gathered at this 
site included first appearances on the snow, migration to 
summer habitat and observations of first juveniles.

The CBMP–Terrestrial Plan recommended monitoring 
demographics, spatial structure, and genetic diversity 
of small mammals. Approximately half of the sites 
regularly collected data on sex and age classes of 
captured individuals and occasionally on reproductive 
status. Spatial data is also available for a number of sites. 
Genetic diversity has been assessed in some cases but 
often only once at a given site. Other data sometimes 
collected in association with monitoring included diet, 
abundance and reproduction of lemming predators, 
availability of alternative prey, plant productivity and 
phenology, and abiotic factors.

3.4.1.3 Medium-sized Predators
Arctic Fox
Arctic foxes are currently monitored at 34 sites 
throughout the North, with most monitoring efforts 
concentrated in Fennoscandia (Figure 3-32). The 
duration of monitoring across all sites is variable at 
between 2 and 56 years and was ongoing at 27 of the 
34 sites (79%) as of 2015. Monitoring projects cover 
almost equally the four climate zones of the species’ 
distribution—high Arctic, low Arctic, sub-Arctic, and 
montane/alpine. 

Fox dens are monitored because they are long-lasting 
reproductive structures used repeatedly by territorial 
individuals. Typically, data collected for Arctic foxes 
include, den density, number of active dens, number of 
breeding dens and litter size. Beyond that, monitoring 
programmes vary greatly with respect to other variables. 
Almost all sites monitor fox abundance, reproductive 
effort, and litter size. Additional variables for informing 
population status are less well represented. Additional 
metrics include, pup survival and genetic parameters 
monitored in more than 20 (59%) projects, contaminant 
levels monitored in 13 (38%) and disease exposure 
monitored in five (15%). 
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Arctic fox ecology was highly variable between sites 
with regards to long term population trends, annual 
and multi-annual fluctuations, diet composition and 
interaction with red foxes and humans. Densities 
of known dens varied 100–fold across monitoring 
sites, from 0.01 to 1 den per square kilometre (mean 
of 0.18 ± 0.25 dens per square kilometre). Minimum 
and maximum numbers of Arctic fox breeding pairs 
were available for most monitoring sites. Between-
year variations can reflect multi-annual fluctuations, 
long term changes in fox abundance or variation in 
monitoring effort. Of the 34 monitoring sites, long term 
population trends were stable (17 populations, 50%) 
or increasing (nine populations, 26%), with only three 
populations (9%) decreasing. Trends were unclear in 
five (15%).

Most populations showed strong multi-annual 
fluctuations (22 populations, 64%) and the majority of 

these fed primarily on lemmings (90%; 20 of 22). Nine 
showed no multi-annual fluctuations and these groups 
fed primarily on birds, marine food, or large mammal 
carcasses (89%; 8 of 9). Three showed weak or unclear 
fluctuations.

The circumpolar population of Arctic fox shows 
little genetic differentiation with the exception of the 
diverged Commander Islands populations. Monitoring 
data exist for phenology of pup emergence (19 sites) 
and phenology of moulting (17 sites), but no synthesis 
of these data is available. A full assessment of phenology 
is also challenging as projects typically concentrate 
fieldwork in summer. Samples have been collected to 
provide health data on levels of contamination (22 sites), 
parasites (18 sites) and disease exposure (6 sites), but 
samples were analysed only partially and again no data 
synthesis is available

Figure 3-32. Arctic fox monitoring study sites. Modified from Berteaux et al. 2017; Arctic fox distribution area 
modified from Angerbjörn & Tannerfeldt 2014.
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3.4.2 EFFECT OF DRIVERS ON FECS 
AND THEIR ATTRIBUTES
Climate change is the primary driver influencing 
biodiversity, abundance, and ecological function 
for all CBMP focal mammal species; it is indeed the 
most important driver of change in terrestrial Arctic 
ecosystems (CAFF 2013a). In terrestrial environments, 
impacts from climate change on all FEC functional 
groups include a general warming trend and increased 
variability in the Arctic climate that can manifest as 
interannual variability as well as short- and long-term 
cyclical climatic fluctuations. Interannual variability 
in weather may include severe storms, extraordinarily 
warm or cold winters and summers, variable amounts 
of snow in all seasons, midwinter rain and thaw events, 
rainy summers, drought summers and strong winds. 
In autumn and spring, variability can include erratic 
timing of snowmelt and snow arrival.

For Arctic ungulates, annual variability in weather 
patterns affects calf productivity and survival. Deep 
snow and icing events―such as winter rain and melting 
temperatures that create ice cover on the ground or in 
the snowpack―make it difficult for large herbivores to 
access forage. This may lead to decreased calf recruitment 
and, in extreme cases, can cause die-offs. Meanwhile, 
summer drought can negatively affect vegetation that is 
essential winter forage for large herbivores. Temporal 
and spatial scale are important considerations when 
judging the impact of weather events. The impacts of 
increasing frequency, distribution, severity, and extent 
of stochastic weather events on population dynamics 
remain unknown.

For lemmings, autumn and winter rain and midwinter 
thaws lead to hard snow and icing at the bottom of the 
snowpack. These impenetrable layers impact movement 
and limit access to food plants, resulting in reduced 
reproduction and survival. Lemming populations 
appear to be more sensitive to this change in winter 
climate than northern voles, resulting in a fading out 
of lemming outbreaks in areas of lower abundance 
(documented in Fennoscandia). This loss of outbreaks 
may contribute to reduced amplitude and extend the 
time period between lemming cycles, however, to 
date, there is no detectable regional (Fennoscandia) or 
circumpolar trends of decreasing lemming populations. 
In addition, later onset of snow in autumn and earlier 
spring melt reduce the duration of snow cover and 
may impact lemming winter reproduction. Local/
regional changes in lemming populations may cascade 
to predator populations through declines in prey 
availability, with particularly dramatic consequences 
for specialist species, such as snowy owls or Arctic foxes.

Impacts of warming temperatures on specific 
mammalian habitat is variable and depends on local 
conditions, including precipitation patterns, presence of 

permafrost, soil moisture conditions and the presence of 
herbivore taxa. Warming temperatures may also result 
in range extensions of wildlife pathogens, particularly 
those from sub-Arctic regions, which may change 
the pattern of transmission and exposure of native 
host populations to new pathogens. Changes in the 
distribution and prevalence of pathogens are likely to 
play a role in future distribution and dynamics of Arctic 
mammal populations. For Rangifer and muskoxen, 
there is already evidence that increasing temperature 
influences development, distribution, and emergence of 
some pathogens.

Range extension of boreal mammalian species into 
Arctic tundra areas is also introducing new herbivore 
competitors and potential predators into true Arctic 
ecosystems. Examples of species with northward range 
extensions include red fox, moose (Alces americanus), 
Eurasian elk (A. alces), American beaver (Castor 
canadensis), snowshoe hare (Lepus americanus), 
Middendorff’s vole (Microtus middendorffii) and meadow 
voles (M. pennsylvanicus). Populations of North American 
species introduced into Eurasia, such as muskrat (Ondatra 
zibethicus) and American mink (Neovison vison), are 
also moving into low Arctic areas (CARMA 2013a). For 
muskoxen, increased range overlap with grizzly bears in 
north-eastern Alaska (Ursus arctos) has resulted in new 
predator–prey dynamics (Reynolds et al. 2002).

Contaminants also pose a threat to Arctic mammals, 
particularly predators. Contaminants have the potential 
to impact the health and fecundity of Arctic wildlife, and 
there are concerns regarding food security and health in 
northern communities for whom harvest of Rangifer is a 
critical resource. Lack of data, however, makes it difficult 
to understand the extent and magnitude of the impacts.

Humans may also have more direct impacts on 
biodiversity/abundance of Arctic mammals. Impacts 
that directly affect habitat and populations include 
infrastructure (roads, structures associated with resource 
development), harvest, introduction or reintroduction 
of plants and animal species, disturbance from tourism, 
and greater human activity due in part to technological 
changes (modern boats, snow machines and all-terrain 
vehicles) that facilitate more frequent and widespread 
travel sometimes into formerly inaccessible habitats. 
These impacts may be direct, such as overharvest, or 
indirect, such as displacement from essential habitats 
(calving grounds, denning locations, pupping and 
feeding areas).

Conversely, overabundant semi-domestic reindeer may 
be problematic. Heavy grazing and trampling impact 
terrestrial Arctic habitats by reducing lichen cover 
and favouring graminoids (Bernes et al. 2015). High 
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abundance of semi-domestic reindeer, coupled with 
mortality though winter icing events, increases the 
number of reindeer carcasses available to predators. 
This appears to have propelled red fox population 
increases and range expansion, as well as benefited 
other boreal generalist predators such as corvids, while 
having detrimental effects on Arctic fox and many 
species of ground-breeding birds such as ptarmigan and 
waders.

Additional direct and indirect human impacts on Arctic 
fox include feeding (positive or negative), removal of 
competitors, killing and transmission of disease by pets. 
In Fennoscandia, Arctic foxes are considered critically 
endangered. They are currently benefiting from a 
comprehensive conservation programme including 
supplemental feeding, culling of red fox and release from 
captive breeding. This has resulted in increasing trends 
for several populations. At present, it is unclear whether 
these populations would maintain a positive trend 
without these supporting measures. The northward 
expansion of red fox, to the detriment of Arctic fox, has 
often been attributed to a warming climate but evidence 
suggests that direct and indirect food supplementation 
by humans may be the main causal factor. 

3.4.3 COVERAGE AND GAPS IN 
KNOWLEDGE AND MONITORING
Large Herbivores–Rangifer and Muskoxen
In many areas, large herbivore surveys are infrequent, 
lack measures of variance (or exhibit large variability) 
and methodology and effort lack consistency. All these 
factors lead to uncertainties in the data and is a barrier 
to comparing among regions and states.

Abundance trends are difficult to ascertain for a number 
of populations from survey estimates alone. The 
implementation of standardised methods for improving 
Rangifer population estimates has been in place for 
the last 30 years and represent a significant advance, 
providing a useful template for muskoxen. Surveys 
for both Rangifer and muskoxen are hampered by the 
species' diffuse distribution and remote locations. Most 
abundance estimates do not differentiate sex and age 
classes. Demographics are difficult to obtain, due in part 
to the need for more intensive, and, for muskoxen, often 
ground-based surveys. Demographic data are critical for 
interpreting population trends, developing management 
strategies and allowing for comparisons across regions.

For both Rangifer and muskoxen, more information 
is needed on population specific vulnerability to 
the cumulative effects of climate change and other 
human impacts. Access to timely and accurate data is 
critical for identifying management actions that build 
adaptive capacity and resilience within populations, 
particularly those that have declined to historic lows 
that may be outside of the natural range of population 

fluctuation. The only populations showing strong and 
stable numbers are in Greenland, Iceland, and Svalbard, 
and this may skew conclusions. Experts – scientific, 
indigenous, and local – play a critical role in reporting 
and integrating this information.

Little is known about the impacts of changing climate 
on the distribution and prevalence of disease. Recent 
mortality events in Alaska and Canada have illustrated 
our limited understanding of disease in Rangifer 
and muskoxen. There is widespread recognition of 
the need to develop standardised health assessment 
protocols capable of providing basic information on 
the prevalence, significance, and role of disease in large 
herbivore population dynamics.

For Arctic ungulates, there is a general lack of both 
reliable harvest data and effective models to determine 
sustainable harvesting levels. This is unexpected 
considering the high degree of regulation of present-day 
harvests. Hunting was presumed to be a contributing 
factor to the decline of muskoxen in North America in 
the early 1900s. Changes in overall harvest, as well as 
the sex and age composition of the harvest, can impact 
population composition, group dynamics and overall 
abundance. Accurate harvest data are needed to inform 
conservation efforts as well as provide insights into the 
economic benefits of commercial harvests. 

Small Herbivores—Lemmings
While lemming abundance is monitored across all sites, 
methods as well as levels of precision vary. Quantitative 
density estimates (such as through mark–recapture 
analysis) are rare because they are often quite invasive, 
labour intensive and, consequently, typically limited to 
small spatial scales. Most small mammal monitoring 
programmes therefore rely on abundance indices. 
Fauteux et al. (2018) found good correlation of mark–
recapture estimates with indices based on systematic 
incidental observations and snap trapping. Although 
simple to implement, incidental observations have 
a number of shortcomings, that is, the challenge of 
distinguishing between small mammal species. Snap 
trapping is the most common method for monitoring 
lemmings, but sampling designs vary.

The variety of methods used for monitoring small mammals 
may be a challenge when looking at large-scale patterns. 
While all quantitative methods allow comparisons of 
trends and relative dynamic patterns, it can be difficult 
to compare abundance among sites, which is critical for 
examining trophic interactions. Qualitative index series 
may exhibit more regular cycles than quantitative series, 
and in long qualitative time series, there can also be an 
effect of shifting baseline, making it difficult to identify 
long term trends. Standardisation of monitoring methods 
across sites would address many of these issues. Adoption 
of standardised methods in a number of disparate long-
term monitoring programmes is difficult to implement 
without losing the value of the historic data. The old and 
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new protocols should be implemented simultaneously for 
a number of years to establish correction factors between 
time series. The end result, however, should be a number 
of comparable long-term time series.

Parasites and diseases of lemmings have been studied at 
a few monitoring sites but are not generally included in 
regular monitoring protocols. Likewise, genetic structure 
has not been investigated regularly. Progress could 
be made in monitoring of genetic structure, as well as 
health, through analysis of previously collected tissues 
and could provide a historical context. As previously 
noted, the majority of lemming monitoring efforts 
occur in the summer. Consequently, little information is 
available on annual or site-specific phenology.

Geographically, lemmings are most intensively 
monitored in Scandinavia. This geographical bias is 
particularly evident in the lack of representativeness of 
the Russian and Canadian Arctic’s. In Russia for example, 
which encompasses the majority of the Eurasian Arctic, 
there are only four ongoing long-term monitoring 
projects with more than five years of data. The lack of 
lemming monitoring in some locations is also indicative 
of gaps in knowledge of other ecosystem attributes.

Lack of good spatial coverage in small mammal 
monitoring south of the Arctic outside of Scandinavia 
is also an information gap. The distribution of several 
lemming species extends south of the Arctic and lack 
of monitoring in these areas make it difficult to assess 
changes in distribution. Similarly, several vole species 
are extending their ranges northward. Lack of range 
distribution information for these species make it 
difficult to document and understand changes.

Temporally, small mammal monitoring typically 
occurs during snow-free periods. Monitoring is usually 
conducted during one or two periods in summer. 
Insights into winter abundance and activity is generally 
restricted to counts of winter nests after snowmelt. 
Winter abundance is likely critical to understand the 
impact of climate change in lemmings―an animal 
specialised for life under the snow. This knowledge gap 
is well known, but the challenges of studying lemmings 
in the winter, under the snow, in remote Arctic locations 
are difficult to overcome. New technology is poised to 
open up new possibilities through the development of 
camera tunnels for monitoring lemmings year-round.

The CBMP–Terrestrial Plan recommends an ecosystem-
based approach to monitoring that is structured around 
explicit models. One of the reasons to monitor small 
mammals, as well as the other mammal FECs, is for insights 
they yield on ecosystem function, trophic interactions, 
and drivers of environmental change. Analysing changes 
in lemming abundance as a function of ecological drivers 
is only possible if drivers of change are also measured. 
Less than half of lemming monitoring sites gather data 
annually on abiotic conditions. This is a lost opportunity.

Medium-sized Predators—Arctic Fox
Similar to international monitoring efforts for Rangifer 
and muskoxen, a circumpolar network of Arctic fox 
biologists facilitates information exchange. Although 
circumpolar, over a third of monitoring sites are 
geographically concentrated in Norway, Sweden, and 
Finland. Arctic fox abundance, reproductive effort 
and litter size were assessed in almost all monitoring 
projects. Other variables indicative of population status 
were also monitored but these variables were not 
uniform in type or extent across projects. For example, 
pup survival and genetic parameters were monitored in 
many populations but not all. One challenge in assessing 
abundance is a measure of non-breeding adults. In 
some years, this may be the majority of adults in the 
population. Better harmonisation across monitoring 
projects can allow sharing of protocols and data for 
greater inference for this important variable.

Many projects monitored some variables indicative 
of ecosystem structure. The variables monitored and 
the techniques used, however, differed across projects, 
reflecting differences in effort, objectives, and ecosystem 
structure. In addition, less than 30% of projects monitored 
two or more variables indicative of ecosystem function. 

Large and Small Predators and Medi-
um-sized Herbivores
The CBMP–Terrestrial Plan identified large predators, small 
predators, and medium-sized herbivores FECs as part of the 
mammalian monitoring framework and recommended 
that these FECs and their attributes be monitored when 
feasible. Presently, monitoring of these FECs takes place 
sporadically and on a regional basis with limited scope 
tailored to specific regional issues and it is challenging to 
summarise the attributes for these FECs in the absence of 
consistent, widespread monitoring efforts throughout the 
circumpolar Arctic. Monitoring of these FECs would benefit 
from an organised international collaborative approach, 
much as CARMA, MOXNET and other networks that have 
facilitated the synthesis of data across geographical areas.

3.4.3.1 Recommended revisions to FECs and key 
attributes 
The FEC attributes for mammals as defined in the 
CBMP–Terrestrial Plan are listed in Table 2-1. In 
many instances, monitoring of attributes considered 
essential is lacking. Based on experience obtained from 
producing the START, some revisions are recommended 
to future monitoring. Attributes considered essential or 
recommended are presented in Table 3-6.
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Table 3-6. Summary and recommended revisions of mammal FECs and key attributes.

Recommended revisions are shown in bold italics with the current category in brackets. “E’ means essential 
attributes. ‘R’ means recommended attributes.

FEC ATTRIBUTES
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COMMENTS - REASONS FOR RECOMMENDED 
CHANGE

Mammals

Large 
herbivores

Rangifer, 
muskoxen, 
moose

E E E E (R) E E

For Rangifer in particular, conservation 
efforts often focus on specific ecotypes 
or genetic types. Good examples include 
forest Rangifer in North America and 
specific populations of Arctic Island Rangifer.

Medium–
sized 
herbivores

hares E E E R E R No change

Small 
herbivores

lemmings, 
voles E R E E (R) E E (R)

Small mammal diversity is a good 
indicator of environment change. As an 
important prey resource for many Arctic 
predators, spatial structure is essential 
for understanding food web dynamics in 
Arctic ecosystems.

Large 
predators

brown bear, 
grey wolf E E E R E R No change

Medium–
sized 
predators

wolverine, 
lynxes, 
foxes

E R E E (R) E E (R)
Climate and human impacts in some 
areas of the Arctic may lead to barriers in 
connectivity

Small 
predators

stoat/
weasel/
ermine

E R E R E R No change

Muskox. Photo: Longtaildog/Shutterstock.com
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3.4.4 CONCLUSIONS AND KEY 
FINDINGS
Trends in abundance varied for the mammal species 
addressed in this report. Globally, populations of Rangifer 
have mostly declined since the 1990s, some dramatically. 
There are, however, notable exceptions, which begs the 
question of why some populations are doing well and 
others are not. Overall, present abundance for muskoxen 
is largely unchanged with some areas experiencing 
increases while other populations have declined. 
Circumpolar lemming abundance is fluctuating but 
appears stable overall, however there are indications 
that lemmings are declining in the southern portions of 
their range where voles also occur. In general, Arctic fox 
populations are either stable or increasing with just a 
few monitoring sites indicating a decline in abundance.

Key findings
 ► Globally, populations of Rangifer have mostly 

declined since the 1990s, some dramatically; 
however, there are notable exceptions. In 
addition, there are changes in distribution, 
range, and fragmentation.

 ► Conservation of Rangifer often focuses on 
ecotypes based on genetics and behaviour. 
Four ecotypes are widely accepted—migratory 
tundra, Arctic islands, mountain, and forest. The 
majority of migratory tundra and forest Rangifer 
herds have declined in population size. Trends 
for Arctic island and mountain Rangifer tend to 
be stable or unknown

 ► Rangifer trends are confounded by infrequent 
monitoring, variable methods, as well as 
introductions, local management and in some 
cases, mixing of domestic, feral, and native 
populations.

 ► Current circumpolar abundance estimate for 
muskoxen is higher than estimates from 2013 and 
2017. Recent variations indicated that 23 muskox 
populations/regions were increasing, nine were 
stable, six were decreasing, while variation was 
unknown for 17. Of note, the two with steepest 
declines were, in 2000, the largest endemic 
populations in the world. Infrequent monitoring 
and variable methods confound comparisons.

 ► Trend is not detectable in pan-Arctic lemming 
populations over the last 25 years.

 ► Considering lemmings in different small 
mammal communities revealed a negative 
trend for low Arctic populations outside of 
Fennoscandia sympatric with voles. There 
were also indications of a negative trend in 
Russia, where several of the decreasing mixed 
community populations were located.

 ► With one exception, all low Arctic lemming 
populations occurred in mixed small rodent 
communities including one or more species of 
voles.

 ► Change in species composition was noted 
at two low Arctic monitoring sites with 
vole species appearing in 2010 and 2013 in 
Churchill Manitoba and south-eastern Taymyr, 
respectively.

 ► Although highly variable, Arctic fox abundance 
was either stable or increasing at the majority 
of monitoring sites with only a few in decline. 
Trend was unknown at a few of the sites.

 ► Arctic fox abundance, reproductive effort and 
litter size was assessed in almost all populations. 
Better harmonization of protocols and data 
sharing would allow for greater understanding 
among sites, identify data gaps and direct future 
research.

 ► Currently, international monitoring networks 
exist for only three of the six mammal FECs. 
Future monitoring efforts would benefit from 
the establishment or expansion of monitoring 
networks to collect data on the remaining three 
FECs.

Challenges exist for assessing the abundance of focal 
mammal species across the circumpolar Arctic. They 
include:

 ► reliability of abundance estimates—for example 
lack of precision;

 ► changing baselines—such as changes in species 
distribution, sampling methodology, changes in 
areas monitored;

 ► differences in frequency of monitoring by 
regions; and

 ► spatial extent of monitoring—expanding 
monitoring efforts in underrepresented 
areas would be beneficial to understanding 
circumpolar ecological changes.
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3.5 RARE SPECIES, SPECIES OF CONCERN

Braya linearis. Photo: Mora Aronsson

As elsewhere in the world, the Arctic is home to species that are threatened 
and of conservation concern. While only identified as a FEC for plants and 
fungi, they have been assessed within other taxonomic groups as well, 
depending on data, and are presented here when applicable.

The IUCN sets a global standard for assessing and classifying threatened 
species and the IUCN Red List of Threatened Species (Red List) is the most 
comprehensive information source on species status and extinction risk. 
Nevertheless, although more than 120,000 species have been assessed to 
date (IUCN 2020a), there are many species, including many that live in the 
Arctic, that have not been assessed globally, and no regional assessment for 
the Arctic as a whole has been produced.

Species under threat are found throughout the Arctic; however, the collection 
of data and production of lists is not standardised across countries and 
regions. Most countries have species lists that follow the IUCN regional 
guidelines for application of the Red List criteria (IUCN 2012b), but most are 
not comprehensive nor are they completely consistent in the application of the 
criteria, making comparisons or summaries difficult. The amount of data is also 
differing between different groups, with much more relevant data collected 
for mammals and birds compared to invertebrates and fungi. As of 2020, Red 
Lists for three regions completely within the CAFF boundary are available 
for Greenland, Iceland, and Svalbard. There are also regularly updated Red 
Lists for Norway, Sweden and Finland that include species occurring within 
the CAFF boundary. Russia has Red Data Books, using criteria similar to IUCN, 

Lead Author: Mora Aronsson, 
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Soloviev. 
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for regions that include parts of the Arctic. Both Canada 
and the U.S. have systems that assess species based on the 
IUCN criteria at the national and regional levels. They also 
have separate lists of species protected under legislation 
that do not necessarily include all species on the Red Lists.

In this chapter only species that are related to the 
terrestrial CBMP-plan are taken into concern, freshwater 
and marine species are omitted.

On the global scale, concerning the Arctic, there are only 
assessments made by IUCN on mammals and birds. The 
only mammal under the CBMP–Terrestrial Plan that 
meets any Red List criteria is caribou/reindeer Rangifer 
tarandus, which is considered Vulnerable (VU). All other 
assessed mammals are considered Least Concern (LC).

Among the birds listed in Table 3-2 (88 species), 10 species 
fall within the ‘threatened’ IUCN Red List categories (IUCN 
2012a). These are: Critically Endangered (CR) - spoon-
billed sandpiper (Eurynorhynchus pygmeus), siberian 
crane (Grus leucogeranus) and eskimo curlew (Numenius 
borealis) (possibly extinct); Endangered (EN) - great knot 
(Calidris tenuirostris); and Vulnerable (VU) - lesser white-
fronted goose (Anser erythropus), red-breasted goose 
(Branta ruficollis), snowy owl (Bubo scandiacus), long-
tailed duck (Clangula hyemalis), bristle-thighed curlew 
(Numenius tahitiensis) and steller's eider (Polysticta 
stelleri). An additional nine species are considered Near 
Threatened (NT) — red knot (although some subspecies 
are Threatened), curlew sandpiper (Calidris ferruginea), 
semipalmated sandpiper (Calidris pusilla), red-necked stint 
(Calidris ruficollis), emperor goose (Anser (Chen) canagica), 
yellow-billed loon (Gavia adamsii), bar-tailed godwit 
(Limosa lapponica), spectacled eider (Somateria fischeri) 
and buff-breasted sandpiper (Tryngites subruficollis) 
(IUCN, 2020b), see also Chapter 3.3.2.4 and Table 3-2.

3.5.1 GREENLAND, ISLAND AND 
SVALBARD
Red Lists from the Nordic states, including Greenland, 
are based on the IUCN criteria (IUCN 2012a, 2012b). The 
latest Red List for Svalbard was published in 2015 as part 
of the Norwegian Red List (Henriksen & Hilmo 2015), the 
most recent for Iceland was published in 2018 (Icelandic 
Institute of Natural History 2018a, 2018b, 2018c) and the 
latest for Greenland in 2018 (Boertmann & Bay 2018). 
There are some differences in the coverage of groups 
of organisms between the lists, but they are all more or 
less complete assessments for the groups they do cover. 
All three Red Lists cover mammals, birds, and vascular 
plants. The Red List from Greenland also includes 
some few butterflies (Table 3-7 and Table 3-8). The 
caribou/reindeer in east Greenland (Rangifer tarandus 
eogroenlandicus) was last seen in 1899 and is probably 
Extinct (EX) due to some very harsh winters. The 
Regionally Extinct (RE) species from Greenland are: the 
vascular plant Melancholy Thistle (Cirsium helenioides) 
a marginal population of a common northwest European 
species; two bird species, Barrow's Goldeneye (Bucephala 
islandica) which was always rare in Greenland with 
unknown reason for disappearance, and Fieldfare 
(Turdus pilaris), a species on its margin that only 
occurred at southernmost Greenland for 50 years. The 
Regionally Extinct species from Iceland are: the vascular 
plant Greenland Primrose (Primula egaliksensis) 
known from one site, an outlier of the North American 
distribution with unknown reason for disappearance; 
and two birds, House Sparrow (Passer domesticus) and 
Water Rail (Rallus aquaticus), the latter being threatened 
by drainage of wetlands and introduction of the invasive 
American mink. No species is known to have become 
Regionally Extinct (RE) in Svalbard to date.

Future climate change is the most frequently reported 
threat on the Red Lists from all three areas, with various 
different effects.

Table 3-7. Number of species on Red Lists in Greenland (2018), Iceland (2018) and Svalbard (2015) by IUCN category.

REGIONAL 
EXTINCT

CRITICALLY 
ENDANGERED ENDANGERED VULNERABLE NEAR 

THREATENED
DATA 

DEFICIENT TOTAL

Greenland 4 0 1 57 36 9 107
Iceland 3 9 12 44 15 8 91
Svalbard 0 9 19 17 40 0 85

Table 3-8. Number of species on Red Lists in Greenland (2018), Iceland (2018) and Svalbard (2015) by taxonomic group.

MAMMALS BIRDS VASCULAR 
PLANTS LICHENS ARTHROPODS TOTAL

Greenland 3 14 89 - 1 107
Iceland 0 30 61 - - 91
Svalbard 0 8 60 17 0 85
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3.5.2 FINLAND, SWEDEN, AND 
MAINLAND NORWAY
Norway (mainland), Sweden and Finland regularly 
produce Red Lists, updated at five to ten years intervals 
(last editions: Norway, Henriksen & Hilmo 2015; Sweden, 
SLU Artdatabanken 2020; and Finland, Hyvärinen 
et al. 2019). Table 3-9 and Table 3-10 show the Red-
listed species from these countries whose distributions 
include the sub-Arctic part of the CAFF area (species 
with distribution only in the boreal forest part of the 
CAFF area are not included). 

Knowledge differs between the three states regarding 
bryophytes, lichens, and invertebrates in the alpine 
environment. Finland and Sweden have many more 
Red-listed bryophytes than Norway and Finland has 
many more Red-listed lichens and invertebrates than 
Sweden and Norway, even though the three states have 

similar number of known species in the three groups. 
The main threats reported are primary and secondary 
effects from climate change, overgrowth, changing 
vegetation and disappearing snow patches. Some 
species are also impacted by overgrazing by reindeer.

Four species are listed as Regionally Extinct (RE) in 
Finland―two moth species, Catastia kistrandella and 
Anarta farnhami; a hemipteran bug, Psammotettix 
frigidus; and the wild subspecies of reindeer (Rangifer 
tarandus tarandus). The wild subspecies of reindeer 
is also classified as Regionally Extinct (RE) in Sweden. 
The cause of regional extinction of wild reindeer 
was hunting. The cause of the disappearance of the 
arthropods is unknown.

Table 3-9. Number of species on regional Red Lists within the CAFF boundary in Finland (2019), Sweden (2020) 
and Norway (2015) by IUCN status category.

REGIONALLY 
EXTINCT

CRITICALLY 
ENDANGERED ENDANGERED VULNERABLE NEAR 

THREATENED
DATA 

DEFICIENT TOTAL

Norway 0 4 37 36 63 0 140
Sweden 1 4 25 84 98 26 238
Finland 4 85 145 174 251 99 758

Table 3-10. Number of species on regional Red Lists within the CAFF boundary in Finland (2019), Sweden (2020) 
and Norway (2015) by taxonomic group.

 MAMMALS BIRDS ARTHROPODS MOLLUSCS VASCULAR 
PLANTS BRYOPHYTES LICHENS FUNGI TOTAL

Norway 3 13 19 0 59 38 4 4 549
Sweden 3 14 65 1 40 110 4 1 241
Finland 5 26 190 0 77 178 267 15 143

3.5.3 RUSSIA
Russia has both national and regional Red Data books. 
Nine of the regions include portions of CAFF area. Red 
Data books for these regions have been published since 
2000 and the criteria used have evolved to be consistent 
with the IUCN criteria. The main difference between 
the Russian and current IUCN criteria is the inclusion 
of a naturally rare species category. Most species listed 
in Russia are listed in this category. There is also a 
regional difference in the groups of organisms that are 
assessed, mainly due to different expert availability. 
More information on the Russian categories and criteria 
can be found in references listed in Table 3-11. 

Table 3-12 shows the number of species within the CAFF 
area within each of the Russian Red Book categories 
and Table 3-13 lists the number of species by taxonomic 
group. Eight species have probably disappeared (IUCN 

Regionally Extinct). These are: five vascular plants on the 
edge of their ranges ― Mountain Kidney Vetch (Anthyllis 
vulneraria subsp. lapponica) and Alpine Chamorchis 
(Chamorchis alpina) from Murmansk Region, narrow-
leaved marsh orchid (Dactylorhiza lapponica) and Pale 
Gentian (Gentianella aurea) from Nenets Okrug and 
silver cloak fern (Aleuritopsis argentea) from Sakha 
Republic; one beetle from Sakha Republic (Carabus 
cancellatus) – also on the edge of its range; and two 
birds ― Siberian Crane (Grus leucogeranus) in Nenets 
Okrug and Swan Goose (Anser cygnoides) in Kamchatka 
Krai. Both birds are on the global Red List; the Siberian 
Crane as Critically Endangered (CR) and the Swan Goose 
as Vulnerable (VU).
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Table 3-11. Russian regional Red Data books that include portions of the CAFF area.

REGION RED DATA BOOK PORTION OF REGION INCLUDED 
WITHIN THE CAFF AREA

Murmansk Region Asming et al. 2014 all except the southeast
Arkhangelsk Region Andreev et al. 2008 Franz Josef land and Novaya Zemlya
Nenets Okrug Matveeva et al. 2006 almost all
Yamalo–Nenets Okrug Ektova et al. 2010 all except southeast
Krasnoyarsk Krai Savchenko 2012, Stepanov 2012 northern third
Sakha Republic Anonymous 2019, Danilova 2017 northern half
Chukotsky Okrug Chereshnev et al. 2008a, 2008c All
Magadan Region Chereshnev et al. 2008b northern half
Kamchatka Krai Artyukhin et al. 2006, Chernyagina et al. 2007 northern third

Table 3-12. Number of species in Russian Red Data books (Table 3-11) within the CAFF boundary by status 
category. IUCN categories shown in brackets.

REGION

PROBABLY 
DISAPPEARED 
(IUCN REGIONALLY 
EXTINCT)

ENDANGERED 
(IUCN CRITICALLY 
ENDANGERED/ 
ENDANGERED)

DECLINING 
(IUCN 
VULNERABLE)

RARE (NO 
IUCN 
EQUIVALENT)

UNDEFINED 
BY STATUS 
(IUCN DATA 
DEFICIENT)

TOTAL

Murmansk 
Region 2 53 88 237 69 449

Archangelsk 
Region 0 0 3 2 0 5

Nenets Okrug 3 14 19 138 13 187
Yamalo–Nenets 
Okrug 0 3 10 101 10 124

Krasnoyarsk Krai 0 0 5 59 52 116
Sakha Republic 1 4 19 144 4 172
Magadan Region 0 2 6 84 5 97
Kamchatka Krai 2 60 33 28 0* 123
Chokotka Okrug 0 1 9 177 16 203

* Data deficient species of arthropods, vascular plants, bryophytes, and lichens are excluded from Kamchatka, because data on distribution was 
not reported in the Red Data books of Kamchatka, rendering it impossible to determine if they were present inside the CAFF boundary.

Table 3-13. Number of species in Russian Red Data books (Table 3-11) within the CAFF boundary in Russia by 
taxonomic group.

REGION
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Murmansk Region 8 29 1 1 16 175 119 18 82 449
Archangelsk Region 0 5 0 0 0 0 0 0 0 5
Nenets Okrug 1 17 0 1 15 102 15 10 26 187
Yamalo–Nenets 
Okrug 1 16 1 4 24 56 9 8 5 124

Krasnoyarsk Krai 0 21 0 0 1 63 18 0 13 116
Sakha Republic 1 34 1 0 9 94 22 2 9 172
Magadan Region 13 22 0 1 7 47 0 7 0 97
Kamchatka Krai 6 38 0 0 1* 72* 6* 0 0* 123
Chokotka Okrug 9 34 0 0 4 92 37 7 20 203

* Data deficient species of arthropods, vascular plants, bryophytes, and lichens are excluded from Kamchatka Krai, because data on distribution 
was not reported in the Red Data books of Kamchatka, rendering it impossible to determine if they were present inside the CAFF boundary.
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3.5.4 NORTH AMERICA
In Canada, national species assessments are carried out 
by the Committee on the Status of Endangered Wildlife 
in Canada (COSEWIC) based on the IUCN criteria. Of 661 
terrestrial species that had been assessed by COSEWIC 
in 2019 (COSEWIC 2019), 95 occurred within the CAFF 
boundary (Table 3-14). There are many species that have 
not yet been assessed in Canada, particularly in the Arctic. 
This is due, in part, to sparse data for widely dispersed and 
cryptic species and a focus on species with known threats.

Documented extinctions and extirpations of terrestrial 
species within the CAFF boundary in Canada are limited 
to one species of bird, Labrador duck (Camptorhynchus 
labradorius), thought to have gone extinct in the mid-
19th century, and the Ungava population of grizzly bear 
(Ursus arctos) which has not been documented since 
1948. Another possible extinction is the Eskimo curlew, 
which, although currently assessed as Endangered, has 
not been observed since 1963.

Provinces and territories also assess their species and 
maintain regional lists based on IUCN Red List criteria. 
Regional lists that include areas within the CAFF boundary 
are Nunavut, Yukon, and the Northwest Territories.

In the U.S. (Alaska), conservation ranks are established 
by the state’s NatureServe member programme, the 
Alaska Center for Conservation Science. NatureServe is 
the IUCN Red List authority for North American plants 
and their staff serve on IUCN Red List committees for 
vertebrates. The state conservation ranks established 
by the Alaska Center for Conservation Science are non-
regulatory but may be used by agencies with regulatory 
authority to identify species in need of protection (such as 
the U.S. Endangered Species Act and Alaska Endangered 
Species Statute 2019). The U.S. Fish and Wildlife Service 
and National Marine Fisheries Service are responsible 
for listing endangered species at the national level and 

Table 3-14. Number of species at risk by threat category as assessed by COSEWIC and listed under the federal 
Species at Risk Act within the CAFF boundary in Canada, 201). IUCN categories are in brackets.

EXTIRPATED 
(IUCN 
REGIONALLY 
EXTINCT)

ENDANGERED 
(IUCN CRITICALLY 
ENDANGERED/
ENDANGERED)

THREATENED 
(IUCN 
VULNERABLE)

SPECIAL 
CONCERN 
(IUCN NEAR 
THREATENED)

NOT AT RISK 
(IUCN LEAST 
CONCERN)

DATA DEFICIENT 
(IUCN DATA 
DEFICIENT)

Mammals* 1 5 3 5 3 1
Birds* 2 4 6 13 23 0
Amphibians 0 0 0 2 2 0
Arthropods 0 1 1 4 0 0
Vascular 
plants 0 1 1 8 5 0

Mosses 0 0 1 0 0 1
*COSEWIC can assess ‘designatable units’ or distinct populations and subspecies. This can result in multiple designations for some species. In the 
mammal group, for example, different populations and subspecies of Rangifer tarandus are listed as Endangered, Threatened and Special Concern 
depending upon the population. Also, and the subspecies Arctic grey wolf (Canis lupus arctos) is listed as Data Deficient while the Northern Grey Wolf 
(Canis lupus occidentalis) is listed as Not at Risk. In the bird group, different subspecies of Red Knot (Calidris canutus) are listed as Special Concern, 
Threatened and Endangered.

the Alaska Department of Fish and Game is responsible 
for listing fish and wildlife as endangered in the state of 
Alaska. Currently, two terrestrial Alaskan Arctic species 
are listed in the U.S. Endangered Species Act (Table 3-15).

3.5.5 CONCLUSION AND KEY 
FINDINGS
There is a general lack of data on rare and declining 
species across the Arctic, with the exception of a few birds 
and mammals. Today, only Arctic birds and mammals 
have been assessed by IUCN on a global scale and, while 
all Arctic states assess the threatened status of their species 
regionally, the results vary due to differences in resources, 
data, and availability of experts. There is also little pan-
Arctic cooperation on data collection on occurrences, 
population numbers and trends for threatened species. 
These factors make it difficult to combine data and draw 
conclusions at a circumpolar scale. 

Other complications in assessing status and trends of 
species of conservation concern include, the inclusion, in 
some cases, of naturally rare species in the same categories 
as those that are under threat, and the inclusion of species, 
particularly in the older Russian Red Data books, that 
are at the northernmost edge of their range. In terms of 
threats, the more recent the Red List assessment, the more 
likely climate change is identified as a significant threat.

Table 3-15. Terrestrial Arctic species in Alaska listed 
under the U.S. Endangered Species Act.

ENDANGERED
Polystichum aleuticum Aleutian Shield Fern
Numenius borealis Eskimo Curlew*

*Also listed under the State of Alaska Endangered Species Statute. The 
Eskimo curlew is presumed Extinct, with the last confirmed sighting in 1963.
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3.6 LAND COVER CHANGE
Data collection in the Arctic is logistically challenging and very resource 
intensive, and as a result, data are sparse and disparate (Jenkins et al. 2020). 
Remote sensing data have frequently been used for specific studies at focused 
locations across the Arctic. However, few large-scale studies, at the landscape 
or pan-Arctic scale, have been conducted. Recognising these challenges and 
the need for a more comprehensive understanding of change across the Arctic, 
CAFF, through its Land Cover Change Initiative (CAFF 2020), developed a set 
of physical and ecological parameters) that represent key elements dictating 
seasonal processes in Arctic terrestrial ecosystems. (Box 3-5). These were 
analysed between 2001 and 2017 using a standard remote sensing platform 
(MODIS) to help understand changes occurring and evaluate remote sensing 
for use in Arctic biodiversity monitoring and assessment. A key challenge is 
to translate what these mean on the ground for Arctic terrestrial biodiversity 
and how this assessment coupled with the CBMP Terrestrial Biodiversity 
Monitoring Plan (Christensen et al 2013) can help improve our understanding 
of biotic responses to these broad-scale drivers.

Photo: Andrei Stepanov/Shutterstock.com
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Greenland willows. Photo: Skip Walker

The Land Cover Change Initiative analysis showed that 
significant change is occurring in the Arctic’s terrestrial 
ecosystem and identified statistically significant 
temporal rates of change across several parameters. 
The results (Figure 2-5) corroborate past findings 
indicating strong signals of ecosystem change in the 
Arctic terrestrial environments, for example, regarding 
vegetation greening. An important outcome of this work 
is helping to develop an understanding of the status of 
spatial and temporal trends across multiple parameters 
simultaneously and serving as potential explanatory 
variables for in situ changes observed across FECs. 

The aggregated average annual pan-Arctic data showed 
significant temporal trends in land surface temperature 
and NDVI with both significantly increasing in CAVM 
(Fig 1-2) subzones A, B, D and E, and displaying a north–
south variability in the seasonality of temperature 
change. The northernmost CAVM subzone experienced 
significant increasing temperatures in the autumn, 
winter, and spring, while the southernmost CAVM 
subzone showed a significant increase in temperature 
in late spring to early summer.

Three parameters for phenology were analysed: green-
up date, senescence date and growing season length. 
Results indicated an earlier green-up by approximately 
six days and a growing season length extended by 
approximately four days, from 2001 to 2014. Subzones 
C and E showed a significant decrease for green-up date 
(by 4.5 days) and a shift to an earlier start to the growing 
season (by four days) over the 14 years. Subzones B and 
E showed a significant increase in growing season length 
(5 and 3.5 days respectively). No significant trends were 
observed in senescence date. There is a greater year-to-
year variability in the date of senescence than green up, 
with results showing a somewhat cyclical trend.

No significant trends were observed in the average 
annual percent snow covered areas, although time series 
for individual months revealed significant trends—for 
example, significant declining trends were observed in 
subzones C and D for June, in subzone E for July and 
in subzones A and B for October. Observations of the 
seasonal data indicate a significant declining trend from 
2000 to 2011, followed by a significant increasing trend 
from 2011 to 2014 in subzone B. No other significant 
seasonal trends were identified. No trends were found 
in the average annual burned area across the pan-Arctic 
with no burned areas found in subzones A and B.

A set of five parameters were also analysed for the 
Arctic’s marine ecosystem—marine chlorophyll, coloured 
dissolved organic material, sea surface temperature, 
marine primary productivity, and sea ice extent. Both the 
terrestrial and marine environments experienced similar 
amounts of change with more statistically significant 
trends being observed in seasonal data. The rates of 
change of NDVI and sea ice were approximately the same. 

The Land Cover Change analysis shows that significant 
change is occurring in the Arctic. We need to determine 
how resilient the Arctic is to these changes and where 
there may be certain thresholds, ’‘tipping points’,’ beyond 
which an abrupt shift of physical or ecological states occur. 
Only with a combination of in situ data, remote sensing 
data, and an understanding of the processes occurring 
at different scales can we begin to understand change in 
the Arctic Therefore the analyses developed in the Land 
Cover Change initiative should be repeated regularly to 
support CBMP efforts to improve our understanding of 
status and trends in the Arctic biodiversity.
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BOX 3-5. PARAMETERS ANALYSED IN THE LAND COVER CHANGE 
INITIATIVE

 ► Land Surface Temperature
 ► Percentage of snow-covered area
 ► Normalised Difference Vegetation Index (NDVI)
 ► Enhanced vegetation index
 ► Green-up date
 ► Senescence date
 ► Growing season length

Figure 3-33. Rates of change among different terrestrial parameters, using average annual standardised data for 
the pan-Arctic. *identifies parameters with statistically significant trends
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3.7 ECOSYSTEM-BASED 
MONITORING AND REPORTING
Arctic ecosystems are inherently interwoven, with 
numerous shared interactions (Schmidt et al. 2017). 
Recognising this, the CBMP–Terrestrial Plan takes an 
ecosystem approach, encompassing all taxonomic 
groups and their likely interrelationships. This includes 
both monitoring FECs and linking results to the main 
drivers of change, abiotic as well as biotic.

As outlined in Section 2.1.1, FECs were selected based 
on their ecological significance, value of the ecosystem 
services to Arctic Indigenous and non-Indigenous 
Peoples, and usefulness for management and legislation 
needs. The START draws upon expert knowledge to 
report on the status and trends of FECs individually and 
by taxonomic group; however, each section in Chapter 
3 also includes information about relevant biotic 
interactions that might act as drivers for a particular 
taxon. Reconnecting the system through the inclusion of 
biotic interactions is pivotal for our ability to understand 
changes in Arctic terrestrial biodiversity and must 
permeate current and future monitoring and reporting.

The threats to global biodiversity and its subsequent 
decline are highlighted by various international 
biodiversity conservation conventions (see Section 1.3). 
Two important recent reports, the Global Assessment 
Report on Biodiversity and Ecosystem Services of 
the Intergovernmental Platform on Biodiversity 
and Ecosystem Services (2019) and the fifth Global 
Biodiversity Outlook of the CBD (2020), describe the 
most recent decline in biodiversity on a global scale 
and predict a dire future based on current trends. The 
Arctic Biodiversity Assessment and its accompanying 
summary for policymakers (CAFF 2013) highlights the 
particular threats to Arctic biodiversity.

Consistent with these reports, the START also finds that 
the overwhelming driver of change in terrestrial Arctic 
ecosystems is climate change. There is evidence of 
this in for instance the correlation between increasing 
temperatures and earlier onset, longer duration and 
increase of plant growth (see Section 2.2). Warming 
temperatures also contribute to the increased frequency 

of boreal and tundra wildfires as well as unprecedented 
intense rainfall and heat wave events. Examples of 
where these climate-related drivers can be linked to 
changes in diversity, abundance, composition, and 
structure of Arctic terrestrial vegetation, include:

 ► increased growth and encroachment of shrubs 
and trees in parts of the low Arctic (Bjorkman et 
al. 2020);

 ► increase in woody plants and expansion of 
their distribution into drier tundra communities 
(Hinzman et al. 2005);

 ► increases in cover of some graminoids and forbs 
(Bjorkman et al. 2020); and

 ► decreases in moss and lichen cover (Bjorkman et 
al. 2020).

Changes in landscape level vegetation, that are of 
particular concerns for endemic Arctic species, have led 
to phenological mismatches between herbivores and 
vegetation and changes in trophic level interactions (Post 
et al. 2008, Fauchald et al. 2017). Some examples include: 
reproductive failures in Rangifer (phenological mismatch 
with food plants); reproductive failure in predators of 
lemmings and their alternative prey (resulting from 
collapse of cycles, see Box 3-3); spread of new insect 
pest species and plant pathogens north to the forest-
tundra transition zone; and warm periods in tundra 
areas causing massive outbreaks of blackflies affecting 
productivity of some Arctic birds (Franke et al. 2016). 

Box 3-6 provides some examples of the complex 
relationship between top avian predators and other FECs 
and how this is influenced by changing Arctic conditions.

Of fundamental importance to an ecosystem approach 
to monitoring Arctic biodiversity is the relationship 
between Arctic Indigenous Peoples and the natural 
environment and they are thus included in CBMP–
Terrestrial Plan conceptual models. Nevertheless, 
they are often not considered in biodiversity baseline 
assumptions nor in monitoring programmes. In our 
ecosystem-based approach to monitoring and reporting, 
it is important to include Arctic Indigenous Peoples.

Arctic lichens and bearberry. Photo: Roger Asbury/Shutterstock.com
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BOX 3-6. TOP PREDATORS AND FEC INTERACTIONS
Most Arctic top bird predators rely on prey bases with cyclic abundance patterns. The snowy owl, 
rough-legged buzzard, and long-tailed jaeger, for example, are highly dependent on small mammals 
with highly cyclic occurrence, as shown in Figure 3-30; the predators either do not breed, or have 
very low productivity, in areas and years with lemming population lows. In areas with several rodent 
species (lemmings and voles), the buzzards do not utilize prey according to relative abundance but 
prefer lemmings—revealing complex interactions in a relatively simple ecosystem. It emphasises that 
lemmings and voles should be treated separately in Arctic monitoring and ecosystem studies to better 
understand the predator–prey interactions under changing Arctic conditions (Hellström et al. 2014).

For the gyrfalcon, ptarmigan species are the only prey available in the Arctic in the pre-breeding 
and early breeding season. The falcon is, therefore, highly dependent on these herbivores to initiate 
breeding. The links have been well studied in Iceland (Nielsen 2011) where the prey–predator cycles 
show a clear match with falcon territory occupancy and relative ptarmigan abundance, but with 
a 4–year lag (Figure 3-32). The lag was due to prey-mediated effects on adult gyrfalcon survival 
and juvenile recruitment into the breeding population. However, even in low ptarmigan years the 
gyrfalcon could have good breeding success; weather factors explained much more of the variation 
in breeding success than spring ptarmigan density. A shorter study in Alaska showed a more direct 
effect—a ptarmigan six-fold decline was mirrored by a significant decline in gyrfalcon breeding 
success (Barichello & Mossop 2011). In Sweden, high numbers of juvenile willow ptarmigan in autumn 
was linked to high breeding success of gyrfalcons the next spring (Falkdalen et al. 2011). 

These regionally different and complex 
interactions may be affected by changing 
climate and habitat conditions in the future. A 
modelling study of gyrfalcon and two ptarmigan 
species in Alaska (Booms et al. 2011) concluded 
that the spatial extent of the fundamental niche 
of each of the three species will contract and 
become more heterogeneous and discontinuous 
and the amount of spatial overlap of the 
gyrfalcon’s and ptarmigan’s fundamental niche 
will decline. Coordinated monitoring projects 
should be following those changes in the Arctic.

Figure 3-34. Rock ptarmigan density and 
occupancy rate of gyrfalcon territories. 
Modified from Nielsen 2011. Used with 
permission from the Peregrine Fund

Snowy owls feeding a grey-sided vole (Myodes 
rufocanus) to their chicks. 
Photo K.-O. Jacobsen

Counting prey remains–mostly 
ptarmigan–at gyrfalcon breeding sites 
in Iceland. Photo: Daniel Bergmann
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BOX 3-7. AMPHIBIANS AND REPTILES OF THE ARCTIC
Amphibians and reptiles inhabit the Arctic but not in the abundance and diversity of the other taxa 
covered in this document. These species are unique as they occur in climatic conditions not normally 
associated with amphibians and reptiles and possess highly specialised adaptations to survive in the 
Arctic. Data on the distribution, status, and trend of these six species are generally lacking, but each can 
be locally and seasonally abundant. While not widespread in the high Arctic, these species are well 
distributed in the low Arctic and even more widespread and abundant in the sub-Arctic. All species 
are widespread south of the Arctic regions. According to IUCN classification, all have the range wide 
status of Least Concern and their trends are Stable, except the viviparous lizard, which is Unknown 
(Table 3-16). These species are predators of invertebrates and adults and larva serve as a food source 
for larger terrestrial, avian and aquatic predators. Amphibians serve as valuable indicators of 
changes to ecosystems. Threats such as climate change, habitat alterations, diseases and pollution do 
exist, but opportunities for range and population expansion may also present themselves as climate 
and habitats change. No FECs have been established for amphibians and reptiles. Monitoring should 
focus on obtaining a better understanding of the distribution, status, and trends within the Arctic, as 
well as on disease presence and climate change induced habitat alteration. For more information, 
see Chapter 5 of the Arctic Biodiversity Assessment (Kuzmin et al. 2013).

Wood frog (Lithobates sylvaticus). Photo: Casey Burns/BLM
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Table 3-16. Arctic amphibian and reptile species, their habitats and status. For the purposes of 
this table, ‘Arctic’ species are found in the high– or low Arctic zones (see Figure 1-2)

COMMON 
NAME SCIENTIFIC NAME ARCTIC 

DISTRIBUTION HABITAT AND THREATS (IUCN) RED LIST STATUS/ 
TREND (IUCN)

wood frog
Lithobates 
(Rana) 
sylvaticus

United 
States, 
Canada

Habitats: forest, pond/stream 
edges, willow thickets and grass/
willow/aspen associations. 
Hides in logs, humus, leaf 
litter or under logs and rocks. 
Threats: include intensive timber 
harvesting in areas surrounding 
breeding sites.

Least 
Concern/ 
Stable (2015)

Siberian 
wood frog 

Rana 
amurensis Russia

Habitats: open and wet 
places in coniferous, mixed, 
and deciduous forests, 
shrublands and grasslands. 
Threats: general habitat loss 
(e.g., dams), drainage and 
pollution of breeding pools and 
overharvesting for food.

Least 
Concern/ 
Stable (2008)

moor frog R. arvalis

Norway, 
Sweden, 
Finland, 
Russia

Habitats: tundra, forest, steppe, 
swamps, peatlands, moorlands, 
meadows, fields and bush lands, 
gardens. Threats: destruction 
and pollution of breeding ponds 
and adjacent habitats, drought, 
and predation of tadpoles by 
waterfowl. Chytrid fungus was 
detected in this species outside 
the Arctic.

Least 
Concern/ 
Stable (2008)

common 
frog R. temporaria

Norway, 
Sweden, 
Finland, 
Russia

Habitats: coniferous/deciduous 
forests, forested tundra, and 
steppe, shrublands, glades, 
grasslands, meadows, marshes 
temporary and permanent 
ponds, lakes, and rivers. Threats: 
no major threats but locally by 
pollution, drainage of breeding 
sites and collection. 

Least 
Concern/ 
Stable (2008)

Siberian 
newt

Salamandrella 
keyserlingii Russia

Habitats: wet coniferous, mixed, 
deciduous forests in the taiga 
zone and riparian groves in 
tundra and forest steppe. 
Threats: no major threats to this 
species, but locally threatened 
by desiccation of wetlands, loss 
of terrestrial habitat, pollution, 
and urbanization.

Least 
Concern/ 
Stable (2008)

viviparous 
(common) 
lizard

Zootoca 
(Lacerta) 
vivipara

Norway, 
Sweden, 
Finland, 
Russia

Habitats: grassland, meadows, 
humid scrubland, open 
woodland, woodland edges, 
peat bogs, stream edges 
and coastal areas. Threats: 
locally from habitat loss from 
agricultural, urbanization 
and development of tourism 
facilities.

Least 
Concern/ 
Unknown 
(2018)
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3.8 KEY FINDING SYNTHESIS 
Key findings about the status and trends of the FECs 
of each group―vegetation, invertebrates, birds and 
mammals―are outlined in the corresponding sections 
of Chapter 3. This section provides a discussion of 
commonalities across the FECs and presents overall key 
findings. It draws heavily upon the key findings summary 
from Taylor et al. (2020) and the individual papers in the 
Ambio special issue Terrestrial Biodiversity in a Rapidly 
Changing Arctic.

 ► Heterogeneity was a predominant pattern of 
change particularly when assessing global 
trends for Arctic terrestrial biodiversity.

 • There is considerable spatial heterogeneity 
in vegetation development in the Arctic, 
some areas show increases in production 
and abundance, while others are 
decreasing or remaining stable. However, 
remote sensing shows that since 2001 
there has been a significant increase in 
vegetation productivity across the entire 
pan-Arctic.

 • Endemism, only studied in detail for 
mammals, birds and vascular plants is not 
very common; however, among vascular 
plants, there is great geographic variation 
with many endemics concentrated in 
some regions (Taymyr, northern Alaska, 
Ellesmere Island, and east Greenland).

 ► There is a need for a comprehensive, integrated, 
ecosystem-based monitoring programmes, 
coupled with targeted research projects 
deciphering causal patterns.

 • Understanding of the patterns of 
cumulative effects and the changes these 
effects may have is poor and there is 
currently no method or standardised 
approach for determining the impacts 
of cumulative effects. Nevertheless, 
knowledge about casualties in the 
ecosystem, spatial data on important areas 
for species and ecosystems, and data on 
the distribution and intensity of human 
activities are essential in establishing 
a more adaptive and ecosystem-based 
approach to environmental management.

 ► Climate change is driving diverse and 
unpredictable change in the Arctic terrestrial 
environment with expected continued 
significant impacts, for example:

 • Responses to climate change include, 
in parts of the Arctic, an increase in the 
abundance of shrubs and grasses and a 
decrease in lichens and mosses. 

 • Experimental warming has shown that 
green-up and flowering can happen 
earlier. That has also been shown in many 
plot-based monitoring studies, although 
not as conclusively. Remote sensing 
indicates an earlier start of the season in 
the most southern and middle latitude 
regions of the Arctic. Senescence does not 
change in response to warmer or longer 
summer seasons.

Photo: Ksenya/Shutterstock.com
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4 STATE OF ARCTIC 
TERRESTRIAL BIODIVERSITY 
MONITORING

Photo: Lawrence Hislop
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The START is the first assessment under the CBMP–
Terrestrial Plan and is an important step towards 
improving our understanding of Arctic terrestrial 
biodiversity, its status, whether it is changing and 
why. START is also an update of the Arctic Biodiversity 
Assessment and proved to be very challenging, mainly 
due to the lack of comprehensive data.

The CBMP–Terrestrial Plan stresses the need to have 
consistent long-term ecosystem-based monitoring of 

Figure 4-1. Current state of monitoring for Arctic terrestrial biodiversity FECs in each Arctic state.

common FECs throughout the Arctic with standardised 
methodology. The START shows that the availability 
and use of data varied across and among FEC and their 
attributes. While Chapter 3 identified knowledge gaps 
for each FEC, Chapter 4 describes the overall state of 
terrestrial biodiversity monitoring in each Arctic state 
and provides advice to improve future monitoring.
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4.1 CURRENT MONITORING IN 
ARCTIC STATES
Although all Arctic states strive to support terrestrial 
biodiversity monitoring programmes, this is constrained 
by the high costs associated with repeated study over 
vast remote areas (7.5 million square kilometres) with 
challenging weather conditions. It is also constrained by 
the diversity of ecosystems and taxonomic groups that 
sustain unique biodiversity. In many areas of the Arctic, 
monitoring is often associated with planned or ongoing 
development projects (for example, mining). Such 
monitoring can be short-term and focused narrowly on 
particular species, local area, or threats. Consequently, 

terrestrial biodiversity monitoring has sparse, unequal 
spatial coverage in large parts of the Arctic, with only 
local examples having extensive coverage.

Table 4-1 provides a summary of the state of data 
availability across FECs and their attributes. It clearly 
shows the general lack of data and the unevenness 
across FECs and their attributes.

Figure 4-1 summarises the status of FEC monitoring in each 
state. More detail is provided in the sub-sections that follow.

Table 4-1. Summary of data availability for essential and recommended attributes for use in START. 

Values for each parameter indicate that: (1) data were available and were used, (2) some data were available but 
were not used for the assessment, or (3) there were few or no data available, – indicates that the attribute is not 
considered essential or recommended for that FEC.
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Vegetation
All plants -- -- 1 -- 1 -- -- -- -- 1
Rare species, 
species of concern 2 -- -- 2 -- 3 1 -- -- --

Non-native species 2 -- -- -- -- -- 1 -- -- --
Food species -- -- 2 -- -- 2 -- -- -- 2
Arthropods
Pollination 1 -- 1 1 -- -- 1 -- 1 --
Food prey for 
vertebrates 1 -- 1 1 -- 3 1 -- -- --

Decomposers and 
nutrient cycling 1 1 -- 1 -- -- 1 3 1 --

Herbivores 1 1 1 1 -- 1 1 -- 1 --
Blood-feeding 1 1 1 1 -- -- 1 -- -- --
Birds
Herbivores 1 1 2 1 -- 2 1 1 -- --
Insectivores 1 1 1 1 -- 1 1 2 -- --
Carnivores 1 1 2 1 -- 1 1 1 -- --
Omnivores 1 2 3 2 -- 3 2 -- -- --
Piscivores 1 2 2 2 -- 2 2 -- -- --
Mammals
Large herbivores 1 2 2 1 -- 2 1 -- -- --
Medium-sized 
herbivores 2 3 3 3 -- 3 3 -- -- --

Small herbivores 1 2 1 2 -- 2 3 -- -- --
Large predators 2 3 3 2 -- 3 2 -- -- --
Medium-sized 
predators 1 2 2 1 -- 2 2 -- -- --

Small predators 2 3 3 3 -- 3 3 -- -- --
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4.1.1 UNITED STATES

In Alaska, monitoring of terrestrial ecosystems is carried 
out by several federal and state government agencies, non-
governmental organisations, and universities. Monitoring 
of harvested mammals and migratory birds is most 
common. While monitoring of other mammals and birds, 
arthropods and vegetation occurs, it is more sporadic 
and spatially limited. With the exception of monitoring 
of some species of migratory birds and caribou, U.S. 
participation in international Arctic terrestrial wildlife 
monitoring programmes has been limited to date.

The Alaska Department of Fish and Game carries out most 
mammal monitoring, often in collaboration with federal 
government partners. Information typically collected 
includes abundance, productivity, and spatial and temporal 
distribution. Large predators are monitored but often with 
less frequency and less robust methods than monitoring for 
caribou. Monitoring of medium and small herbivores and 
predators is infrequent and often very limited spatially.

Most avian monitoring is carried out by the U.S. Fish 
and Wildlife Service, with monitoring of abundance 
and spatial structure for waterfowl (ducks, geese, and 
swans) and, in some instances waders, is conducted 
on a regular basis. Ptarmigan, passerines, and raptors 
are monitored infrequently, and long-term monitoring 
efforts for these species has historically been sporadic or 
limited in spatial scale.

For arthropods, regular monitoring occurs at National 
Ecological Observatory Network sites in the Arctic at 
Utqiaǧvik and Toolik. This includes regular monitoring of 
diversity and abundance of ground beetles, mosquitoes 
(including phenology) and soil microbes, among dozens of 
other variables. In general, terrestrial arthropod inventory 
data are lacking for most taxa in most areas. Efforts to date 
consist primarily of opportunistic sampling, both spatially 
and temporally. Data collection on spatial structure and 
diversity of bees uses a formal state-wide protocol.

Vegetation monitoring is carried out by a number of 
federal agencies. The effort, study design and objective 
of the monitoring vary across these agencies. The Bureau 
of Land Management conducts spatially stratified 
assessment, inventory, and monitoring vegetation 
sampling in representative portions of the western Arctic 
Coastal Plain, with the objectives of understanding the 
effects of climate change and gathering baseline data in 
areas where development may occur. The National Park 
Service has an active vegetation monitoring programme 
in place that tracks representative vegetation 
communities across Park Service managed lands. 
Vegetation monitoring within the U.S. Fish and Wildlife 
Refuges is targeted to specific study sites. In addition to 
the federal monitoring programs, there are invaluable 
monitoring programs being carried out by Indigenous 
Organisations and communities. While some monitoring 
is occurring through a scientific approach, many 
are focused on utilizing both Indigenous Knowledge 
and science monitoring methodologies. As the CBMP 
continues to grow, it is important to extend the network 
to be inclusive of these organisations and communities.

4.1.2 CANADA
Canada’s Arctic stretches across more than 80 degrees of 
longitude, with a human population of fewer than 115,000. 
Monitoring of terrestrial ecosystems is thinly distributed 
across this vast area. Responsibility for monitoring is 
shared amongst Indigenous, federal, territorial, and 
provincial governments. Universities, non-government 
organisations and industry also conduct some monitoring.

In areas covered by Comprehensive Land Claim 
Agreements, monitoring is frequently directed and 
conducted by co-management boards, with varying 
government agency representation. In some regions, 
Indigenous Guardians programmes and Hunters and 
Trappers Organisations manage long-term monitoring 
projects. Established community-based monitoring 
programmes also exist, such as the Community Based 

Photo: USFWS

Photo: Marlene Doyle
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Monitoring Network run by the Nunavut Wildlife 
Management Board, which compiles wildlife sightings, 
harvests, and environmental observations by harvesters 
with the aim of improving wildlife management decision 
making. Inuit-led mobile apps such as SIKU (Indigenous 
Knowledge Social Network) enable individual users to 
document and share observations such as species records, 
phenology, body condition, stomach contents of harvested 
animals, and environmental conditions across a network 
of observers, and is a platform that is also customisable to 
specific Indigenous-led monitoring programmes.

Caribou are monitored extensively throughout Arctic 
Canada, often through multi-partner projects that include 
many levels of government, Indigenous organisations, 
non-government groups and industry. Muskoxen are 
monitored to a lesser extent, with the exception of 
populations in areas with emerging diseases—more 
frequent monitoring occurs of these populations. There 
are currently no large-scale programmes to monitor 
other terrestrial mammals from the medium-sized 
predator or small herbivore FECs, such as Arctic foxes 
or lemmings, but research on the population dynamics 
of these species has occurred at various spatial and 
temporal scales in the past.

There are a variety of large-scale and long-term 
programmes to monitor avian communities throughout 
northern Canada, including programmes to monitor 
Arctic-breeding birds when they are outside of the Arctic, 
such as Audubon’s Christmas Bird Count or Manomet’s 
International Shorebird Survey. Within the Arctic, the 
Programme for Regional and International Shorebird 
Monitoring surveys all terrestrial bird species at sites 
distributed randomly across the Canadian Arctic. In 
2018, after two decades of monitoring, surveys covering 
all of Canada´s Arctic were completed. Re-visits to sites 
began in 2019. Monitoring of migratory birds is a core 
responsibility of the federal government (Environment 
and Climate Change Canada). Coordinated programmes 
to monitor populations of Arctic-breeding geese are 
carried out collaboratively by the federal governments of 
Canada and the U.S., with contributions from academia 
at long-term research sites, such as Bylot Island. 
The annual North American Breeding Bird Survey 
coordinated jointly in Canada by Canadian Wildlife 
Service and the National Wildlife Research Centre (both 
parts of Environment and Climate Change Canada), 
monitors populations of resident breeding birds across 
long-term survey routes, including routes in the Arctic. 
The federal government also coordinates an annual 
national harvest survey for waterfowl. Long-term 
monitoring of raptors occurs at a small number of sites 
with restricted geographic scope, often in collaboration 
with industrial partners in order to monitor project 
impacts, often from mining activities.

Monitoring of arthropods and vegetation is usually led 
by academic researchers through targeted research 
programmes. For arthropods, inventories and research 

programmes take place annually in Arctic Canada with 
varying intensity; however, there are no coordinated, 
large-scale, and long-term programmes at a national 
scale. In recent years, a coordinated effort to monitor 
insectivorous birds through the Arctic Shorebird 
Demographics Network (2014) yielded coordinated 
monitoring data for arthropods at a network of sites 
spanning Arctic Canada and Alaska. These results are 
providing insights into the distribution, abundance, and 
phenology of Arctic arthropods.

Similar to arthropods, monitoring of vegetation occurs 
with varying degrees of spatial and temporal replication, 
dependent on the academic researchers involved. Several 
large-scale and internationally coordinated research 
efforts examine the impacts of warming (International 
Tundra Experiment, or ITEX), shrubification, 
decomposition (Tundra Tea Bag Experiment) or flowering 
phenology (such as project PlantWatch). In addition 
to plot-based research, earth observation and remote 
sensing techniques play an increasingly important role 
in monitoring vegetation at the national scale, with the 
federal government playing a leadership role in developing 
innovative techniques (e.g., Landsat stack analyses).

4.1.3 KINGDOM OF DENMARK 
(GREENLAND)
Most monitoring of terrestrial ecosystems in Greenland 
is undertaken by the Greenland Institute of Natural 
Resources and Aarhus University (in Denmark). 
Monitoring efforts generally target specific species, 
primarily on the west coast of Greenland, with a focus 
on the abundance, demographics, and distribution of 
harvested species (such as caribou and muskoxen). The 
spatial coverage of monitoring for these species is good 
in west Greenland but is insufficient in most other areas. 
Opportunistic surveys for ptarmigan abundance and 
distribution have been conducted in conjunction with 
surveys for caribou abundance. Similarly, an index of 
abundance (such as observations per distance flown) 

Zackenberg research station. Photo: NTNU
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and occurrence have been developed for Arctic hare 
and Arctic fox. In all cases, monitoring is irregular as a 
result of funding challenges. 

The Greenland Ecosystem Monitoring Programme 
carries out true ecosystem-based intensive research 
and monitoring at two Greenlandic locations under the 
auspices of Greenland Ecosystem Monitoring (GEM). 
These are Kobbefjord in low Arctic west Greenland 
and Zackenberg in high Arctic northeast Greenland. 
The ongoing monitoring at Zackenberg began in 1996, 
whereas Kobbefjord was initiated in 2007. At both sites, 
data on all major taxa are collected annually and are 
publicly available. Monitoring data from these sites 
concerns primarily vascular plants, arthropods, birds, 
and mammals, but also includes lichens and bryophytes. 
This monitoring focuses on abundance, demographics, 
and distribution. 

In addition to the above monitoring, the Greenland 
Institute of Natural Resources and Aarhus University 
collect biodiversity data in connection with strategic 
environmental impact assessments conducted prior to 
mineral and oil exploration in Greenland. This work 
includes mapping of important and sensitive areas for 
various species, including some FECs described in the 
CBMP–Terrestrial Plan. 

Finally, additional research and monitoring projects 
occur in Greenland, often conducted by other 
universities, organisations, and private agencies. Data 
originating from such projects are, when made available 
to CBMP, an additional important source of information.

4.1.4 ICELAND
Monitoring of terrestrial ecosystems in Iceland has 
been carried out by several different entities. Some 
monitoring is connected to heavy industry (in particular 
aluminium smelters), while other monitoring is part 
of international projects such as ITEX. The degree of 
monitoring of different taxa varies, depending on 
availability of baseline data, ecological importance, 
and other factors such as impact on agriculture or 
landowners fringe benefits. Some mammal species are 
monitored regularly, including reindeer and Arctic fox. 
Birds are monitored somewhat regularly, with several 
projects occurring in different parts of the country―for 
example, white tailed eagles are monitored in the West, 
ptarmigans at several locations across the country and 
moorland birds in the northeast. A few national surveys 
are annual, such as the winter bird survey, which started 
in 1952. In general, surveying of arthropods is sporadic, 
although monitoring of moths has been ongoing since 
1995. Vegetation is monitored regularly through 
international programmes such as ITEX and GLORIA, as 
well as national programmes that monitor natural birch 
forests, grazing areas and other habitats. Monitoring 
of Red-listed vascular plants has been sporadic to date, 
but more comprehensive monitoring will take effect 
in the near future through a new national monitoring 
programme coordinated by governmental institutions, 
nature centres and research stations. This national 
monitoring programme will primarily focus on critical 
habitat types, Red-listed, keystone and ecologically 
important species, as well as protected areas. The 
programme will monitor biotic and abiotic parameters 
in key locations to obtain national survey data.

The research station at Melrakkaslétta in north-eastern 
Iceland has opened and is planning various local 
monitoring projects. Several other research stations 
conduct monitoring in their vicinities―some with a 
long history, such as Myvatn Research Station founded 
in 1974, while others are more recent.

Photo: Iceland Blue Planet Studio/Shutterstock.com
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4.1.5 NORWAY
There are few monitoring projects in Norway that focus 
specifically on the Arctic as defined by CAFF. Instead, 
elements within this area are monitored through 
different national monitoring schemes.

The Norwegian Terrestrial Ecosystem Monitoring 
Programme (TOV), running since 1990, includes three 
sites within the CAFF area; that is, two sites in sub-alpine 
boreal forest in northern Norway and one site in high-
arctic tundra in Svalbard. The TOV monitors important 
biological components of both common boreal and low 
alpine ecosystems and tundra vegetation in Svalbard.  
TOV-E is a more recent monitoring program initiated 
in 2001 and focuses on bird communities and includes 
many sites within the CAFF area on mainland Norway. 

The GLORIA Norway programme (GLORIA Research 
Initiative in Alpine Environments) includes two 
mountain sites in northern Norway and monitors 
vegetation and phenology. A palsa mire monitoring 
programme initiated by the Norwegian Environment 
Agency, is implemented by the Norwegian Institute for 
Nature Research in six areas. Three of these within the 
CAFF area. 

The Environmental Monitoring of Svalbard and Jan 
Mayen (MOSJ) is an environmental monitoring system 
and part of the Government’s environmental monitoring 
in Norway. The system collects and disseminates 
monitoring data from relevant programmes. It includes, 
among others, long term monitoring series from COAT 
of the Svalbard rock ptarmigan, the Svalbard reindeer, 
and the Arctic fox. Arctic waders and birds of prey are 
monitored by Birdlife Norway.

Reindeer in Svalbard and moose on the mainland are 
monitored annually as part of both the Norwegian 
Cervids Monitoring Program and COAT. Monitoring 
of reindeer in Svalbard is also being conducted by the 

Norwegian Institute for Nature Research (as part of the 
Cervids Monitoring Program).

The Arctic fox is intensively monitored on mainland 
Norway by the Norwegian Institute for Nature Research). 
Large carnivores (brown bear, wolverine, lynx, and wolf) 
are also intensively monitored on mainland Norway. 
Small rodent populations are monitored in several 
locations in Norway by several different research groups 
and monitoring programmes, including COAT and TOV. 

4.1.6 SWEDEN
Swedish monitoring of the terrestrial environment in the 
CAFF area includes the sub-Arctic. There are few projects 
that focus primarily on the CAFF area, instead, projects 
are housed within existing national monitoring schemes. 
For vegetation, the National Inventory of Landscapes 
programme covers the alpine and sub-alpine areas while 
the Swedish National Forest Inventory monitors the 
forested region of the CAFF area. Monitoring of rare and 
Red-listed plants is carried out by the Flora Guardians. 
Monitoring of cryptogams is sporadic and limited to 
common species. There is some monitoring of the rare 
habitats of alpine rich fens and palsa mires under the 
European Union’s Habitat Directive.

Bird monitoring occurs through the annual bird census, 
supplemented by species-specific programmes (i.e., top 
predators) and site-based monitoring of Arctic species at 
alpine sites. The national butterfly monitoring scheme is 
based on the same grid system as National Inventory of 
Landscapes and National Forest Inventory programmes, 
although it is still under development with poor spatial 
coverage in the CAFF area. Small mammal monitoring is 
implemented at some selected sites. For larger mammals, 
monitoring projects cover wolverine, Arctic fox, lynx, 
brown bear and, to some extent, moose, and hare. 
For smaller carnivorous mammals, most arthropods, 
bryophytes, lichens, and fungi there is very little monitoring.

Abisko National Park, Sweden. 
Photo: Alena Vishina/Shutterstock.com

Photo: Lawrence Hislop
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4.1.7 FINLAND
Monitoring intensity of FEC birds in Finland differs 
greatly depending on the species. Metsähallitus (Parks 
and Wildlife Finland) has a special responsibility for 
specific northern bird species and monitors them 
extensively. The most regularly monitored group of FEC 
birds are raptors. About 80% of known territories of 
peregrine falcon and gyrfalcon are monitored annually 
to gather information on nest locations, occupancy, 
and recruitment. The Lesser white-fronted goose is 
monitored regularly with good spatial coverage; the 
species has not nested in Finland since the 1990s. For 
the remaining FEC bird species monitoring is more 
sporadic, and it is based largely on the work of a wide 
network of Finnish volunteer birdwatchers. There are 
several standardised long-term monitoring programmes 
coordinated by the Finnish Museum of Natural History 
carried out by bird enthusiasts; for example, line transect 
counts of breeding birds. The network of bird count line 
transects also covers the sub-Arctic area.

In northern Finland, population dynamics of hole 
nesting passerine species has been monitored for several 
decades by Kilpisjärvi Biological Station (University 
of Helsinki) and Kevo sub-Arctic Research Station 
(University of Turku). The spring and autumn migration 
routes for Arctic water birds, geese and skuas from 
Arctic breeding areas throughout Finland are monitored 
annually by several bird stations to give some estimation 
of their breeding success.

Approximately 30 harvested species of mammals and 
birds are monitored annually by a national network of 
Wildlife Triangle Counts. Several FEC species―such as 
willow ptarmigan, hare, large predator mammals and 
mustelids―are included in Wildlife Triangle counts. The 
monitoring provides some information on population 
sizes and changes in abundance and is primarily 
implemented by hunters on a voluntary basis. In northern 
Finland, however, the Wildlife Triangle network is sparse. 

In Finland, there have been no observations of breeding 
Arctic fox since 1996. Most known Arctic fox territories 
are monitored annually by Metsähallitus. The Arctic 
fox monitoring is primarily conducted in collaboration 
with Norway and Sweden. Population dynamics of 
Norwegian lemmings have been monitored intensively 
by the University of Helsinki, Kevo Research Station, 
and the Natural Resources Institute of Finland, who has 
been coordinating the monitoring for several decades. 
For other mammal species, monitoring is more sporadic. 
Annual monitoring of population change of wolverine, 
bear, lynx, and wolf is carried out through snow track 
interpretation; however, the monitoring is fragmentary. 
Populations of domesticated reindeer are well studied 
and monitored; wild reindeer do not occur in the 
Finnish sub-Arctic area. 

Monitoring of sub-Arctic vascular plant species has 
concentrated on European Union Habitats Directive 
species, for which detailed trends are reported every six 
years, and on some of Finland’s most threatened species. 
The goal is to monitor every known protected area 
location at least once in a 20–year period. For bryophytes 
and lichen species, monitoring is more sporadic. 
Phenology and productivity of some species have been 
monitored over several decades by Kilpisjärvi Biological 
Station and Kevo Research Station. Long-term research 
projects also include the periodicity in the quality and 
quantity of vegetation in the fell region. Yearly variation 
in production and seed crops of selected alpine plants 
have been monitored since the 1960s. 

For most arthropod groups monitoring is sporadic or 
almost non-existing. Lepidoptera are the best monitored 
group. There are long-term moth monitoring schemes in 
the Finnish sub-Arctic that have been carried out since 
the 1970s (Kevo Research Station) and 1990s (Kilpisjärvi 
Biological Station). The Lepidopterological Society 
of Finland has been annually monitoring sub-Arctic 
species and the abundance of mainly diurnal species 
since 2008. 

In the late 1900s, habitat surveys were completed for 
the majority of northern Finland to provide a general 
overview of sub-alpine habitats and vegetation. The 
inventories were derived from aerial photo remote 
sensing and supplementary field inventories. The actual 
monitoring of Arctic natural habitat types has not been 
regular or systematic to date. Nevertheless, accelerating 
climate change has highlighted the urgent need for 
habitat type monitoring, and monitoring projects 
and programmes are in development. The second 
assessment of threatened habitat types in Finland was 
completed in 2018, ten years after the first assessment. 
Thirty-eight percent of the fell habitat types in Finland 
are considered threatened according to IUCN criteria 
(Pääkkö et al. 2018). 

Inari, Finland. Photo: Outi Maijanen/Shutterstock.com
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4.1.8 RUSSIAN FEDERATION
Monitoring of Arctic terrestrial ecosystems in Russia is 
based on a system of state protected areas and several 
research stations owned by scientific institutions. While 
strict protected areas (“zapovedniks”) have permanent 
scientific staff to conduct monitoring, these resources 
are often very limited and generally not sufficient for 
intensive monitoring of any taxa. Scientific institutions 
do not focus on monitoring as such but conduct it as a 
by-product of other research.

Spatial coverage of monitoring in Russia is poor across 
ecoregions for all large taxa. Phenology of selected 
plants, birds and mammals is monitored in most nature 
reserves on a regular basis. In all major groups of birds 
there is a small proportion of species that are consistently 
monitored at selected sites, but most of the species are 
monitored sporadically at best. Abundance of mammals 
is monitored consistently at a small number of sites and 
sporadically at several others. Most arthropods are only 
monitored in the context of short-term projects, but prey 
for vertebrates is monitored at a few sites sporadically. 
Invasive species are not subject to any focused 
monitoring but may be studied as part of short-term 
projects. Vascular plants, bryophytes, lichens, and fungi 
are monitored through short term projects, although 
crop yield of some berries is monitored consistently in 
some reserves.

Kola Peninsula. Photo: Vitaliy Kaplin/Shutterstock.com
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4.2 ADVICE FOR FUTURE 
MONITORING OF ARCTIC 
TERRESTRIAL BIODIVERSITY
Assessing status and trends of biodiversity, particularly 
in remote locations like the Arctic, and attributing causes 
of change is very challenging. Knowledge is limited for a 
variety of reasons including limited resources, remoteness 
and logistics, availability of expertise, ecological 
complexities, natural variability, and heterogeneity. 
As is clear from this report, these challenges and 
limitations vary greatly across FECs and their attributes. 
Nevertheless, this assessment has made substantial 
progress in improving our understanding of the state 
of Arctic terrestrial biodiversity and in the development 
of a more coordinated and harmonised circumpolar 
approach or programme. It is clear, however, that major 
improvements are necessary. This section provides advice 
for future monitoring to help address the gaps. 

4.2.1 MONITORING DESIGN 
INCLUDING COORDINATION AND 
METHODS
Improved coordination and cooperation are 
necessary to fully establish and implement the desired 
comprehensive, integrated, ecosystem-based monitoring 
programme envisioned by the CBMP. At a more specific 
level, it is also necessary for the development of 
shared methodology, improving comparability of data, 
identifying important information gaps (including 
targeted research to determine causal patterns), 
improving knowledge exchange and reducing costs. 
The following list, although not complete, provides key 
advice to address these issues.

Improved Coordination
 ► Better coordination between disciplines and 

knowledge systems both within and among 
Arctic states, including with experts in abiotic 
drivers of change in the Arctic (such as the 
Arctic Monitoring and Assessment Programme 
of the Arctic Council) and with other monitoring 
initiatives.

 ► Promote long-term integrated studies across 
biomes and taxonomic groups, that is, for 
estimating trophic interactions including those 
associated with cyclic patterns.

 ► Improve integration of factors that underpin 
changes in phenology, demography, and 
abundance.

 ► Design statistically more rigorous sampling 
methodologies and protocols.

 ► Encourage states to implement the CBMP–
Terrestrial Plan to provide and secure long-
term funding of existing monitoring series and 
infrastructure.

 ► CAFF, including the CBMP should take a 
coordinating role for follow-up on several of 
the advices from this report. This could be for 
example conducted through arranging seminars 
and workshops, to bring researchers and 
stakeholders together. More specific tasks for 
CBMP to fill this role are found in the CBMP's 
strategic plan 2021-2025.

Methods
 ► Standardise how data is collected, managed, and 

reported, including field and sampling protocols, 
data collection methods, terminology (including 
use of CAVM), database harmonisation and 
management, tools for data archiving and 
specimen libraries and specimen identification 
and curation. 

 ► Create a harmonised, accessible, and long-term 
taxonomic backbone for Arctic monitoring.

 ► Complete baseline studies and structured 
inventories with an aim to have data across 
FECs and their attributes Arctic-wide.

 ► Promote multi-species studies and long-term 
time series data.Bee on flower, Iqaluit, Nunavut, Canada 

Photo: Fiona Paton
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4.2.2 INDIGENOUS KNOWLEDGE
While the CBMP–Terrestrial Plan aims to utilise both 
Indigenous Knowledge (referred to as traditional 
knowledge in the terrestrial monitoring plan, Christensen 
et al. 2013) and science in its assessments, success to date 
has been very limited in ensuring that both knowledge 
systems are reflected in the methodology and data 
used to derive and interpret status and trends, and to 
provide recommendations. To obtain a full assessment 
of the status and trends, better understand relationships 
and changes, and fill key knowledge gaps, there must 
be improved partnerships with Indigenous Knowledge 
holders, Indigenous governments, and Indigenous 
monitoring programs not only in development of 
assessments but in collaboratively building more 
comprehensive pan-Arctic monitoring programmes and 
initiatives.

Key Advice
 ► Improve understanding of the research and 

monitoring priorities of the PPs, Indigenous 
governments and Peoples.

 ► Develop long-term partnerships between 
scientists, Indigenous Peoples and Permanent 
Participants, predicated on co-developing 
mutually relevant research and monitoring 
priorities and programmes and equitable 
participation in all stages of monitoring, 
beginning with research design, and continuing 
through all stages of implementation, analysis, 
interpretation, and communication of results.

 ► Seek guidance on how institutional resources 
can align with and support existing Indigenous-
led monitoring efforts, the development of new 
Indigenous-led monitoring programmes, and 
Indigenous models of land stewardship that 
include monitoring components―for example, 
Indigenous Guardians’ programmes.

 ► Consider and articulate the ways in which 
programmes and findings can support 
Indigenous land stewardship and interests.

 ► Support Indigenous-led monitoring capacity 
in Arctic regions through investments in 
northern-based research, learning and digital 
infrastructure and by supporting education, 
employment, and leadership opportunities for 
Indigenous people.

 ► Ensure monitoring agreements detail 
mechanisms for the protection of data and 
Indigenous Knowledge, including basic 
principles of data sovereignty.

 ► Actively support increased engagement with 
and representation of Arctic Indigenous Peoples 
within CBMP steering groups and working 
groups.

 ► Work with Permanent Participants to develop 
strategies to more effectively recognise and 
reflect Indigenous Knowledge in CBMP.

4.2.3 LOCAL KNOWLEDGE AND 
CITIZEN SCIENCE
Local Knowledge and citizen science are increasingly 
becoming important sources of data and information. 
Local Knowledge exists on a spectrum from long-
term, place-based experiential knowledge held by 
local residents, including harvesters, to knowledge of 
more recent Arctic residents who are geographically 
well positioned to observe change. As such, monitoring 
efforts to work with Local Knowledge must interact with 
a wide range of diverse knowledge holders. 

 ► Dedicate more time to collaboration with 
Local Knowledge holders in the preliminary 
phases of monitoring design and on analysis, 
interpretation, and monitoring refinement.

 ► Encourage and support citizen science platforms 
that engage Arctic residents, as well as visitors. 
The platforms should reflect a strong scientific 
goal, have transparent methods for evaluating 
data quality, build communities of observers, 
engage a strong volunteer base, and devote 
consistent effort to communicating results. 

 ► Identify and collaborate across existing 
platforms to increase awareness and 
participation in citizen science and consider 
how new observer models could be developed to 
address knowledge gaps.

 ► Invest in digital infrastructure in Arctic 
regions as a fundamental prerequisite for fully 
accessible citizen science platforms that can 
inform biodiversity monitoring.

4.2.4 KNOWLEDGE GAPS
Knowledge gaps are substantial and vary across FECs. 
Nevertheless, some gaps are more significant than 
others for understanding Arctic terrestrial ecosystem at 
a global level. Some advice to fill gaps is cross-cutting 
across FECs, while some advice is specific to individual 
FECs. Currently, there is some monitoring for all FECs 
across the Arctic, but it varies in coverage, duration, 
frequency and access to institutional support and 
resources. Advice that is relevant to all FECs, includes:

 ► Expand and coordinate long-term in situ time 
series across regions and across FECs.

 ► Implement ecosystem-based approaches that 
better monitor and link biological attributes to 
environmental drivers.

 ► Increase international collaboration.
 ► Increase use of Indigenous Knowledge, Local 

Knowledge, and/or citizen science.
 ► Work with Arctic Council Observer states 

to collect and compile knowledge on Arctic 
biodiversity and migratory species.

 ► Improve data collection on rare species and 
species of concern.
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4.2.4.1 Vegetation 
Results of this assessment have found spatial heterogeneity 
in vegetation over time and in response to environmental 
drivers. At the same time, monitoring of vegetation is 
inconsistent, including with large gaps in geographical 
cover. Key advice for future monitoring includes:

 ► Investigate causality in vegetation change in 
the context of ecosystem components, including 
habitat-specific and drivers, particularly climate, 
and emphasise ecosystem-based approaches.

 ► Continue and expand in situ time series across 
the region.

 ► Utilise plot-based vegetation surveys to provide 
detailed insight into vegetation changes and 
improve our ability to predict the impacts of 
environmental change on tundra ecosystems.

 ► Better consider the expected impacts of biotic 
and abiotic drivers on vegetation change 
when planning monitoring programmes and 
developing conceptual models.

 ► Use regional and global remote-sensing products 
with higher spatial and temporal resolution.

 ► Increase monitoring efforts for all FECs, and 
especially, target efforts to start monitoring of 
the FEC’s where synthesis was not possible now 
due to lack of data, such as food species and 
several variables within the other FEC’s.

4.2.4.2 Arthropods
Arthropods are a highly diverse but grossly under 
studied and under monitored group. To fill knowledge 
gaps, acquire the necessary baseline information for all 

High Russian Arctic. 
Photo: Samantha Crimmin/Shutterstock.com

Red knot. Photo: Danita Delimont/Shutterstock.com

Fly on Arctic alpine fleabane, Iqaluit, Nunavut, 
Canada. Photo: Fiona Paton

key FEC attributes and establish meaningful long-term 
monitoring programmes, the following is advised:

 ► Implement long-term sampling campaigns at sites 
representing the heterogeneity of the Arctic with 
rigorous and standardised trapping protocols.

 ► Collect extensive baseline data, including 
structured inventories, using standardised 
protocols focusing on the FECs and key attributes.

 ► Establish monitoring stations and increase use 
of Indigenous Knowledge, Local Knowledge, and 
citizen science to identify the regionally most 
important species to monitor.

 ► Focus monitoring efforts on target taxa that: (a) 
are well-studied with existing taxonomic and 
ecological data; (b) respond to, or are vulnerable 
to, environmental change; and/or (c) have possible 
northern range expansion or southern contraction.

 ► Monitor dominant habitats at a variety of sites at 
both small and large geographic scales.

 ► Monitor relevant microhabitat environmental 
parameters, in addition to climatological 
variables, and connect to biological trends at 
relevant scale.

 ► Focus on critical FEC attributes, including 
ecosystem processes such as pollination, 
decomposition, and herbivory.

 ► Continue specimen sorting, identification and 
reporting and construct a complete trait database.

 ► Complete molecular sequence libraries, increase 
international collaboration to collate, analyse, 
archive, and make data accessible.

4.2.4.3 Birds
Most bird species are difficult to monitor due to the large 
spatial extent of their breeding habitats, multiple threats 
throughout the flyways and uncertainty due to climate 
change. Current monitoring is uneven and inadequate. 
Key advice includes:

 ► Safeguard and sustain long-term monitoring 
projects; only systematic long-term monitoring 
of status and trends will allow us to track both 
changes in Arctic FECs (biodiversity) and the 
likely drivers of that change.

 ► Expand targeted monitoring of species and 
populations with unknown or uncertain trends 
such as waders in the Central Asian Flyway and 
East Asia – Australasia Flyways (under Arctic 
Migratory Birds Initiative).

 ► Improve monitoring coverage of the high Arctic 
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and other areas with poor spatial coverage, that 
is, Canadian Arctic Archipelago, Greenland, 
and eastern Russia ― for migratory species 
this includes staging and wintering areas both 
within and outside the Arctic.

 ► Invest in more intense adoption of new and 
emerging monitoring technologies as they 
become available; currently it includes various 
tagging devices for distribution and migration 
patterns and identification of critical stopover 
and wintering sites, and bioacoustics for 
abundance/diversity sampling as well as satellite 
data for some bird colony monitoring.

 ► Partner with Indigenous Knowledge and/or Local 
Knowledge holders to increase holistic understanding 
of the environment and improve coverage.

 ► Invest in community-based monitoring and citizen 
science, particularly to monitor the changes in range 
anticipated as a consequence of climate change.

 ► Enhance coordination within and among Arctic 
and non-Arctic states to improve the generation 
and collection of data for migratory species, 
including identification of critical sites and 
habitats across the species’ annual range.

 ► Harmonise long-term studies to make reliable 
assessments of status and trends and detect 
variability in FEC attributes (e.g., phenology) and the 
possible effects of environmental change, including 
risks of phenological mismatch; CBMP should 
stimulate and support the harmonization process.

 ► In CBMP, further develop a framework for 
ecosystem-based monitoring, linking essential 
ecosystem components to identify drivers of change 
– and narrow down the FECs, that is, identify 
indicator species, and the FEC essential attributes.

 ► Use station-based environmental monitoring 
across the Arctic as platforms for increasing data 
coordination, sampling, and analyses, including 
monitoring major drivers at the same sites, and 
ensuring standardised bird monitoring is part of 
station mandates, where it is lacking.

 ► Strengthen linkages with the Arctic Monitoring 
and Assessment Programme of the Arctic 
Council for wider monitoring of contaminants 
at different trophic levels (i.e., through non-
invasive collection of tissue samples such as 
moulted feathers and addled eggs), as well for 
isotope and genetic studies.

networks for the three FECs—medium-sized 
herbivores and large and small carnivores—that 
do not have them.

 ► Emphasize spatial structure and diversity 
monitoring with the advance of southern 
competitors (voles, red fox) and vegetation changes.

 ► For large herbivore, small herbivore, and 
medium-sized predator FECs:

 • harmonise data collection across sites and 
programmes―including agreement on 
priorities;

 • share/standardise protocols—including 
abundance, demographics, spatial 
structure, health, phenology and, for 
harvested species, harvest rates; and

 • ensure monitoring programmes 
concurrently employ existing methods 
with new harmonised methods to allow 
comparisons of data.

 ► Monitor health as an attribute, including the 
development of standardised health assessment 
protocols, due to the anticipated impact of climate 
change on distribution and prevalence of disease.

 ► Monitor abiotic factors and drivers of change, 
including broadening the spatial distribution of 
monitoring to assess the impacts, and cumulative 
impacts, of climate and other anthropogenic 
change on specific populations across their ranges.

 ► Pursue research on population specific 
vulnerabilities to climate change effects and 
human impacts and on understanding genetic 
diversity and spatial structure across the FECs.

 ► Increase collaboration, including multi-
disciplinary, and data sharing on site-specific 
and population-specific information that can be 
used to improve monitoring that could lead to 
better models assessing the vulnerabilities and 
resilience of defined populations to change.

 ► Address challenges that exist for assessing the 
abundance of focal mammal species across the 
circumpolar Arctic, including:

 • reliability of abundance estimates—for 
example, lack of precision;

 • changing baselines—such as changes 
in species distribution, sampling 
methodology, changes in areas monitored;

 • differences in frequency of monitoring by 
regions; and

 • spatial extent of monitoring—expanding 
monitoring efforts in underrepresented 
areas would be beneficial to understanding 
circumpolar ecological changes.

Arctic fox (Vulpes lagopus), Photo: Lars Holst Hansen

4.2.4.4 Mammals
 ► Develop synchronised protocols that include more 

attributes and geographical knowledge gaps.
 ► Establish or expand international monitoring 
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