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Background

Arctic foxes are a widespread species with a holarctic distribution that spans Fennoscandia, northern Siberia, Alaska, Canada, plus Svalbard, Greenland, Iceland and many other arctic islands (Hersteinsson & MacDonald 1992). Throughout this range they are common with the clear exception of Fennoscandia where they are very rare. Arctic foxes have been protected since 1928 in Sweden, 1930 in Norway and 1940 in Finland following concerns that trapping had severely reduced their populations. However, during this 63-75 year period of protection the populations have failed to increase, and many sub-populations have gone extinct (Linnell et al. 1999). Although we have no accurate idea of the size of the former population, the hundreds of empty arctic fox dens that can still be seen throughout the Fennoscandian mountains act as testimony to the size of the population before the 20th century.

Arctic foxes and their main prey, lemmings, have been intensively studied in Fennoscandia, probably more than anywhere else in the world. As a result the general ecology of the species is well known. Despite this scientific platform the exact reason why arctic foxes have not responded to protection is uncertain. Researchers have developed a range of speculative hypotheses over the years. The ones that seem to be most likely include (1) increased exploitation / interference competition and inter-specific predation from an expanding red fox population, (2) potential changes in small rodent, especially lemming, population cycles, (3) inbreeding and (4) disruption of population dynamics due to fragmentation and isolation of the various sub-populations. It is currently not possible to separate between these different hypotheses, and it is likely that a combination of two or more of these factors are acting together, and indeed different factors may have different roles in different areas. 

The mountains of Fennoscandia represent a rather special ecological situation for arctic foxes. Throughout most of their range arctic foxes either inhabit the massive stretches of continuous arctic tundra along the northern edge of Siberia and North America, or else arctic island ecosystems. In Fennoscandia, arctic fox habitat consists of a series of naturally fragmented “habitat islands” of alpine tundra habitat, surrounded by forest. This unique situation leads to a fragmented population that has a very long interface with habitat where a potentially superior competitor (the red fox) lives.  From the point of view of prey base the Fennoscandian alpine tundra also differs from arctic tundra in that only one lemming species exists (most areas of the holarctic tundra have at least 2 species) and there is an absence of colonial water birds like geese and ducks. The habitat differs from the high arctic islands in the general absence of both large seabird colonies, and a shoreline from which prey can be scavenged. Also these island populations are insulated from competitors. These factors all serve to increase Fennoscandian arctic fox vulnerability to extinction as they fragment the subpopulations, increase their exposure to potential competitors and induce a reliance on a very narrow prey base (basically one species – the Norwegian lemming). 

Present estimates indicate that there are around 100 to 120 adult arctic foxes scattered along the Fennoscandian mountains (approximately 50 each in Norway and Sweden, with around 10 in Finland). The Kola peninsula also supports an arctic fox population; however this is also believed to be small. Given that these foxes are distributed between Hardangervidda in the south and Varanger in the north, and that the trend is downwards, it is obvious that the arctic fox in Fennoscandia has a very uncertain future. If many decades of passive protection have not been enough to allow recovery, it is clear that active measures are going to be needed. The fact that the exact cause(s) of non-recovery are not known implies that managers are going to have to act in the face of uncertainty and imperfect knowledge. Although our knowledge will improve as research projects continue, it is likely that this will be a continual process. The extreme small size of the remnant populations also hinders research, especially experimental research. If current declines continue, it will not be long before there are no arctic foxes left to study. Given the acute situation facing arctic foxes we consider it crucial that we begin testing alternative management actions parallel to research activities. This application therefore covers three major interrelated activity areas that should be conducted in parallel; (1) Mapping and monitoring, (2) Ecological research, (3) Testing potential conservation techniques.

Component 1. Surveys and monitoring 

The mapping of arctic fox dens and checking them for signs of reproduction has been ongoing in Norway for more than 30 years. However, much of this activity has been uncoordinated, and not systematic as many different individuals, researchers and management institutions have been involved in various areas at various times. As a consequence the data have never been compiled into a common database, so that much has been lost, and the data that exists has often been inaccessible to management. Fortunately this situation is changing from 2003 with the first steps towards building a national monitoring program at NINA. This study component aims to compile existing data into a central database, coordinate annual monitoring activity with SNO and ensure that information is communicated to DN and the various county authorities through annual reports and NATURBASEN.

1.1 Establishment of a national arctic fox database. This study component aims to develop a comprehensive database with three parallel goals. Firstly, it will serve as database for all known arctic fox dens in Norway, where information about the location and physical condition, along with photographs, of each den are stored. Secondly, it will provide a record of each time the dens are checked and the observations of any reproduction by either arctic foxes or red foxes in these dens. Thirdly, it will contain information on visual observations or finds of dead animals of arctic foxes and farm escapes. At the present stage the database is being designed, and we are gathering all existing data from various individuals, institutes and administrations. A lot of the information that is coming in is uncertain (for example, locations not mapped with GPS, and the exact species-specific origin of the dens are often unclear) and requires field verification.

This activity will be mainly confined to 2003. A preliminary version of the location and status of dens will be available for incorporation into NATURBASEN by 1st December 2003 along with the first annual report (which will be more basic than the planned reports for 2004 and beyond).

At the end of 2003 we will take the experience gained from the use of data-sheets to design a final version that will be ready to send out with the next year’s instructions to SNO by April 1st 2004. As part of this process we will go through a discussion with the Swedish and Finnish partners to ensure that data recorded on the sheets is comparable and that we have common interpretation of monitoring results. In addition, an illustrated handbook helping with the interpretation of field signs will be distributed with the annual instructions.

1.2 Regular operation of the database. It is likely that the number of known dens will continually increase over a period of many years, as more are localised, and data on uncertain dens is verified. In addition, there will be a constant need to update the results of den visits and file observations from the public. The full database will be open to any users approved by DN, and summary results of den location and status will be downloaded into NATURBASEN each year so local level managers have access to the most important data.

Each year we will aim to give SNO instructions for the dens to be monitored and the new areas to search by April 1st each year. SNO should return results by October 1st each year. NINA will aim to produce a report summarizing the year’s results by Dec 1st each year.

As well as checking known dens effort should be expended on searching for new dens each year. It will not be possible to plan this work several years in advance as we must wait until the database is established to identify major holes in our knowledge, plus we need to react to incoming observations from the public and progress from year to year. However, we shall ensure that each year’s instructions to SNO contain details of where we want the effort concentrated.

Reporting format

Our annual reports will contain the following information.

· cumulative overview of know dens and the state of the database

· overview of known dens checked

· overview of new areas searched and new dens found

· priority overview/map of areas planned to survey 

· overview of information and observations received outside the formal monitoring from both the public and field personnel

· overview of status and reproduction of individuals radio-collared.

· general pointers for improvements for subsequent years.

The monitoring report will be included as a chapter in the annual report, as well as a “Mini” report printed in limited number (50) and available as a pdf-file on NINA’s web. 

1.3 Production of a field handbook. With the formalization of the monitoring program many new people with no arctic fox experience are going to be involved in field work throughout Norway. There is therefore a need to compile a simple, illustrated field guide that will help people recognize arctic fox dens, determine if it is being used by arctic or red foxes, and distinguish between the various colour types of arctic fox, red fox, and their various domestic morphs.

We will also participate at regular meetings in SNO and the Forest Crown enabling communication of knowledge and comments from “users” to improve the field handbook.

The handbook will furthermore be coordinated and standardized as much as possible accordingly to other Fennoscandian initiatives such as SEFALO+. 

This will be ready by 1st April 2004.

1.4 Refinement of monitoring methods. Determining if there is reproductive activity in a den is usually fairly simple, but it is desirable to obtain data on the litter size.  It can often take several hours, or even days, of observations to accurately count the number of pups seen, and it can vary with weather and litter size. This study component proposes to collect observation data on dens with reproductive activity to calibrate an “effort-versus-number-of-observed-pups” relationship, so that we can estimate the total litter size from the numbers seen and the period observed.

This will be conducted over the years 2004-2005 depending on where and how much reproduction there is to study. 

1.5 Ear-tagging of pups – SEFALO+ cooperation. One element of the combined monitoring activity proposed by Norway, Sweden and Finland under the umbrella of SEFALO+ involves ear-tagging pups in border populations to study individual movements across the border. This is not standard practice in Norway and will therefore require extra activity, especially focused in Lierne, Børgefjell, Saltfjellet and Dividalen.

Reporting: Results from this will be reported each year in the annual monitoring report.

Personnel and organization: Sub-project leader = John Linnell. Technical staff = Roy Andersen
Component 2. Genetics 

The analysis results and tools that we aim to develop in this series of activities will greatly increase the certainty and precision with which we conduct the monitoring activities. The following 5 activity areas are closely linked.

2.1 Genetic structure of arctic foxes in Fennoscandia. Two earlier studies have looked at patterns of mitrochondrial DNA variation in Norway and Sweden relative to populations in Siberia (and Svalbard) (Strand et al. 1998; Dalén et al. 2002). However, these studies were concerned with broad patterns of variation over large geographic areas, and had access to only small sample sizes. This study component aims to combine the genetic material that the Norwegian and Swedish labs used in their published work, together with new material, to conduct a detailed analysis of patterns of genetic variation along the Scandinavian peninsula using micro-satellites from nuclear DNA. The results will help in determining the degree of inter-population isolation and estimate the extent of inbreeding.

2.2 Development of a test to separate wild arctic foxes from farm escapes. There are many cases where domestic forms of various species can cause conservation problems when they hybridise with their wild ancestors (Allendorf et al. 2001; Daniels & Crobett 2003). Arctic foxes are the same species as the “blue fox” which dominate in Norwegian fur farms. Every year we receive photographs and reports of arctic foxes that clearly represent animals that have escaped from farms. However, it is not always possible to determine which is which, as some of the colour variants from captivity are visually indistinguishable from wild arctic foxes. This study proposes to conduct a mircosatellite survey of the genetics of farm foxes, which when compared to the data on wild foxes from component 2.1 will hopefully produce a functional genetic test to differentiate the wild and farmed foxes using both tissue samples and faeces. 

2.3 Application of a test to separate arctic foxes from red foxes. In a variety of monitoring and survey situations it is possible to determine that a den is used by a fox, but it is not possible to conclude if it is a red fox or arctic fox. Researchers in Sweden have developed a functional genetic test to allow faeces to be classified. This small study aims to calibrate our lab at NINA so that it is able to provide this species classification as a regular service to support population monitoring. This service will be vital for the activities presented under components 1, 3, 4 and 6.

2.4 Using faecal DNA to estimate the size of small populations. Given sufficient knowledge of levels of genetic variation in the population it is possible to use genetic methods to identify individuals from DNA in faecal samples. This component will build on the data from 2.1 and will be able to be applied to estimate the size of arctic fox populations using methods independent of den surveys (component 1). This will be most useful in areas where excavated dens do not exist (3.3), but can also be used as a form of calibration for the den surveys. The goal of this study is to simply verify the methodology such that our lab is available to conduct the surveys planned in other sections (3.3).

2.5 Can we reconstruct former patterns of genetic variation from osteological material? The surveys of genetic variation obtained from 2.1 will be very revealing about the present genetic situation. However, interpreting these results will have been much easier if we had some idea of the levels of genetic variation earlier in the decline of the arctic foxes. This study aims to cooperate with the Swedish geneticists in obtaining and analyzing any available historical material, such as skulls and skins stored in museums.

Reporting: A preliminary report will be available on June 31st 2004, and a final report on December 1st 2004.
Personnel and organization: Sub-project leader = Kirsti Kvaløy. The project will be carried out in a close collaboration with the SEFALO+, and University of Stockholm.

Component 3. Ecology and monitoring of the most isolated arctic fox population. 
The arctic fox at Finse (on the border between Hardangervidda and Nordfjella) has been studied intermittently since the late 1960’s (Østbye et al. 1978). With the suspected extinction of the Dovrefjell population there is now no confirmed evidence of consistent reproductive activity between Finse and Sylane, effectively rendering Finse isolated. Because of the fact that arctic foxes in the area use stone dens, rather than traditional excavated dens, monitoring using conventional methods is difficult. Since 1997 NINA has maintained a basic radio-collaring project in the area to document reproduction. During this period we have maintained radio-collars on two females that have been responsible for most of the known reproduction. Beyond these two individuals we have little data on the size of the population, although we do receive observations of arctic foxes in the surrounding area, especially to the north and west. Studying this population is important because it will provide insights into why arctic foxes have persisted in this area, but not in the other areas of south Norway. We therefore propose a package with three elements; 

3.1 Monitoring the animals at Finse. We propose to continue our radio-collaring project with trapping at Finse to follow up the already marked individuals and to continue our data series on reproduction. The fact that University of Oslo maintains a lemming trapping series (Framstad et al. 1997) from the same area opens for some interesting analysis of fox-lemming interactions. 

3.2 Ecology. Taking advantage of the fact that animals are radio-collared we propose to intensify our radio-tracking to determine some basic data concerning area use, especially in relation to the high degree of tourist activity and human infrastructure in the area. Scats will be collected to investigate diet, especially the importance of food of anthropogenic origins.

3.3 Population size in the surrounding area. Radio-collaring is not practical to use for monitoring over larger areas. Therefore we propose to use a collection of scats during winter (and then using DNA to identify to species) to attempt to estimate the size of the population in Finse / Nordfjella. This will give us a better idea of the extent to which Finse represents a viable population.

Reporting: Results from each years work will be reported on 1st December each year.

Personnel and organization: Sub-project leaders = Olav Strand & John Linnell

Component 4. Red fox ecology in the alpine ecosystems. 

Data from throughout Fennoscandia clearly shows that red foxes presently occupy many former arctic fox dens, especially in low lying areas (Linnell et al. 1999; Dalerum et al. 2003; Frafjord 2003). Diets also overlap (Frafjord 2000; Elmhagen et al. 2002), red foxes can harass and even kill arctic foxes (Frafjord et al. 1989), and even the presence of breeding red foxes can cause arctic foxes to avoid a large area (Tannerfeldt et al. 2002). There is therefore little doubt that red foxes are now a part of the alpine ecosystem, and that they influence arctic foxes in a negative manner. In order to determine if their presence has rendered the Fennoscandian alpine ecosystem uninhabitable by arctic foxes requires much more ecological information on red fox ecology in these habitats. We propose to begin improving our knowledge through 4 different approaches. This sub-project will coordinate with existing projects at NINA on red foxes in the alpine system financed by NFR. These include “Climate induced changes in mammalian community structure” (NFR klimaeffekt programmet 2003, with possibility for extension) and “Conflicts and sustainability around second home development” (NFR Landskap i endring programet 2003-2008).

4.1 Expanding monitoring of arctic fox dens. Especially, in many areas where arctic foxes are now extinct (e.g. central Hardangervidda, Forelhogna) it is unlikely that the monitoring activity in component 1 will have resources to check all former arctic fox dens, as there will be a need to prioritise the areas where arctic foxes are likely to occur. This study proposes to expand the arctic fox focused monitoring activity in component 1 to include all known former arctic fox dens in a number of intensive study areas. This will allow a minimum estimation of the extent that red foxes are reproducing in the alpine ecosystem. This study will focus on central Hardangervidda, Forelhogna-Knutshø-Hjerkin and Børgefjell.

4.2 Winter surveys of fox distribution. The methods in 1.1 and 4.1 will permit a minimum estimate of the size of the reproducing populations of both species; however, they are not that suitable for detecting non-reproducing individuals. By collecting scats from fox tracks during winter and using DNA (2.3) to identify the species it will be possible to examine the relative density and distribution of both arctic and red foxes outside the reproductive season. Not only will this give us the possibility to study the spatial relationships between the species, but it will help us estimate population size and help map arctic fox distribution in areas where den coverage is poor (2.4). Potential study areas include, Hardangervidda / Nordfjella, the Dovrefjell complex, Børgefjell and Varanger. This field work can be coordinated with the collection of wolverine scats which is part of the National Large Carnivore Monitoring Program. These surveys will not be annual surveys – but will rather consist of a series of rotating snapshots.

4.3 Red fox ecology – a pilot telemetry study. Radio-telemetry has provided some of the most important insights into the ecology of many species (including arctic foxes, Strand et al. 2000). To date there has been little use of telemetry on red foxes in Scandinavia, and never in an alpine living population. This is in part due to difficulties in capturing them. Such data would provide some insights into basic aspects of their ecology, such as home range, survival and the degree to which they depend on former arctic fox dens. This latter data would be useful in determining the extent to which our arctic fox den based monitoring detects the red foxes that are present. In addition, it will provide information on the extent to which the alpine red fox population is self reproducing as opposed to being a sink for animals that immigrate from low-lying areas. This pilot study will also explore various capture methods, and test GPS technology as well as conventional VHF methods for studying red foxes in alpine habitats. This component will take advantage of synergy with components 3.1 and 3.2 by capturing red foxes close to Finse, and with ongoing NINA field activity with wolverines in central Norway (Knutshø-Forelhogna).

4.4 Arctic fox – red fox relationships – a worldwide view. Data on the relative abundance of the two species is available from harvest data, especially from Canada, where trapping records go back for hundreds of years. More detailed data is also available on a finer geographic scale from the last 30-50 years from provinces like the Northwest Territories and Manitoba. Analysis of these data, together with climatic data, will allow us to gain insights into the relationship between these two species in different parts of their range.

Reporting: An annual report from components 4.1, 4.2 and 4.3 will come each year on December 1st. Component 4.4 will be completed and reported during February 2004.

Personnel and organization: Sub-project leader = Nina Eide

Co-operating institutes: This component will be developed in close cooperation and coordination with the NFR project ”Ecosystem Finnmark” v/ Prof. Rolf A. Ims, Institutt for biologi, Universitet i Tromsø og Nigel Yoccoz, NINA og Institutt for biologi, Universitet i Tromsø, together with component 7 “ Small rodent ecology”. The “red fox component” will also be designed in dialog with SEFALO+ and with Stockholm University v/ Magnus Tannerfeldt and Bodil Elmhagen. 
 

Component 5. Captive breeding and reintroduction 

This is by far the most controversial and technically ambitious aspect of the proposed project. Its rational is explained in detail in Linnell et al. (1999). The basic goal of this project component is to test the potential suitability of captive-breeding and reintroduction as a management tool to (1) augment numbers and genetic diversity of existing populations, and (2) restore populations to areas where they are extinct, thus improving connectivity between surviving sub-populations. A third, worst-case, goal is to establish a captive-breeding population as an insurance against further population extinction in the wild. This component is a long term effort, where results may take some time as there is a need for a great deal of method development at each stage of the project. Even the most basic evaluation will require a 5 year time horizon. The project can be divided into 5 partially overlapping phases.

5.1 Capture. As there were no arctic foxes of wild origin in captivity we had to begin by catching wild foxes. The decision was made to bring in wild-born pups from as a wide a genetic background as possible. Attempts in 2000 were frustrated by the fact that that there was no breeding in Norway that year. In 2001 and 2002 a total of 9 pups were obtained from (Hardangervidda, Børgefjell, Saltfjellet and Finnmark). Of these 8 (4 males: 4 females) are still alive in captivity. Capture, transport and adaptation to captivity have gone well. Because of the time lag between capture and reproductive maturation we aim to capture 2-4 more pups from populations with low representation as the opportunity arises during the next few years. It minimize risk of disease etc. its desirable to keep the “breeding stock” at different locations.

5.2 Reproduction. It is first as 1-year-olds that arctic foxes can be expected to mature and become pregnant. It was first in spring 2003 that 2 of the captive females were potentially old enough. Unfortunately neither of these two showed any signs of coming into oestrus this year. All males on the other hand had viable semen. The main challenge that we face for 2004 is to do everything possible to ensure that as many of the females as possible produce pups in 2004. We shall pay much greater attention to husbandry this year, and contact people within the fox farming and zoo environments to ask advice on which methods and housing conditions work best. In addition, we intend to conduct some behavioural and physiological studies on stress. This should help us improve the husbandry conditions of the animals, and will also be useful to see if we can predict which individuals will survive best when released. Researchers at the Veterinary College are also conducting tests of success of freezing fox sperm. This will provide a last resort supply of genetic material for future breeding activities.

5.3 Trial release. As soon as we have any surplus animals in captivity we shall begin a trial to study the behaviour and survival of captive born pups released into the wild. The present plan is to try a “soft release” where the pups are radio-collared and followed closely. During the first months food will be provided.

5.4 Larger scale release. The experience from the trial release will be used to plan larger scale releases as more pups become available in captivity. These releases are planned to occur within 1 or 2 areas where we are best able to evaluate the effect.

5.5 Evaluation. The suitability of these methods as a management strategy depend on success of each of the previous stages. The preliminary, short term, criteria for success will be if the released foxes survive and begin to reproduce – with longer term criteria including documenting a positive growth in the population. 

Reporting: Results from each year’s activity will be reported each year on December 1st.

Personnel and organization: Sub-project leader = Arild Landa. Personnel = Jiska van Dijk, Roel May, Roy Andersen, John Linnell

The sub-project has established a reference group representing adequate and valuable competence enabling consecutive transfer for knowledge on to base judgment and actions. There will be minimum one annual meeting as well as e-mail exchange and contact via telephone between the project and the reference group. 

There will be established one central responsible veterinarian ensuring the welfare of the animals as well as keeping a medical track log of the different individuals as well as contact with local veterinarians.

Professor Morten Bakken, NLH is hired as a consultant maximizing the housing and well-being of the “breeding stock” at their different locations.

Component 6. GIS 

The consolidation of existing data on den location and reproduction into a common database opens for a wide range of analyses of this unique dataset. It is rare to be able to document former distribution of any endangered species - so the dens that are visible in the landscape for hundreds of years after use are the source of a valuable dataset. We expect to find a wide range of ecological insights into factors affecting arctic fox decline by comparing sites where arctic foxes are still present with those where they are no longer present. We can also use these methods to explore more closely the expansion of red foxes into the alpine ecosystem, identify areas where search effort for unregistered arctic fox dens should be focused and identify the mountain areas where arctic fox recovery should be focused. The data available include the following, (1) the arctic fox den database (see component 1), (2) satellite derived estimates of environmental productivity (NDVI index available from NORUT from 1982 until the present (http://www.itek.norut.no/projects/phenology/)), (3) GIS map layers on elevation, infrastructure, rivers, lakes and permanent ice, and (4) tree line location and main habitat classes available as satellite derived Land cover layers. More specifically, we propose to conduct the following analyses;

6.1 Persistence and extinction in a landscape context. Using the multiple map layers we shall compare arctic fox dens that are still in use, versus those that have been abandoned. The analysis will examine the persistence / extinction in relation to habitat, distance to tree line, productivity, patch size, and isolation at the scale of the individual den and the subpopulations. Using the 1982 to present time series from the NDVI data we shall also examine the recent changes in arctic fox distribution (i.e. post 1982) in relation to region specific changes in growing season length (an index of global warming).

6.2 Ecological factors associated with red fox expansion into the alpine ecosystem. This analysis will examine the existing data on red fox expansion of the alpine ecosystem. To date, red fox presence has only been examined with respect to altitude as a surrogate for environmental productivity. By using data on actual productivity (the NDVI index) we shall directly test the hypothesis that red foxes have occupied the most productive habitats.

6.3 Predicting arctic fox den locations. Using simple habitat and landscape features we aim to identify simple methods to focus future searches for unregistered arctic fox dens. The mapping of these dens is important as (1) it may lead to the discovery of unknown remnant arctic fox populations; (2) these dens are an important feature of the alpine landscape and need to be conserved to accommodate potential arctic fox recovery.

6.4 Identifying priority areas for arctic fox recovery. By combining the analyses from 6.1 and 6.2 we aim to produce maps of Fennoscandia that identify the areas with the greatest potential for arctic fox conservation in the future – in relation to both habitat and sub-population structuring. We shall also test the various areas robustness to potential climate change. This will guide potential reintroduction efforts and other management actions. 

6.5 Predicting spatial variation in reproductive success in arctic fox. From the areas where we have time series on reproduction in individual dens we aim to compare the frequency of reproduction in relation to environmental productivity in the immediate area (10-30 km2 approximated a home range size; Landa et al. 1998) of the den. This should give us an idea of the importance of productive areas for arctic fox reproduction.

6.6 Using monitoring data in area management. Once the den database and monitoring data are organized it will be a simple job to integrate the arctic fox data with area management plans in different areas to ensure that arctic foxes are not threatened by proposed developments such as cabins, roads, paths and reindeer herding installations. The potentially most important areas include Finse, Lierne, Børgefjell, Saltfjellet and Varanger.

Reporting: Component 6.2 will be reported during February 2004, while the other components will be reported by June 1st 2004, with the exception 6.6 which will be reported by Dec 1st 2004.

Personnel and organization: Project leader = John Linnell, Personell = Unni Støbet Lande & Ivar Hefindal (NTNU), plus Nina Eide (NINA). The analysis and publishing is a collaborative effort together with University of Stockholm as well as Finnish researchers.

Component 7. Small rodent ecology 

Arctic foxes in Fennoscandia eat a wide range of species, but lemmings are of disproportionate importance (Elmhagen et al. 2000, 2001) and variation in lemming numbers explains much of the year to year variation in arctic fox reproduction (Strand et al. 1998). In Fennoscandia there has been much speculation about the state of the lemming cycle, and whether there have been any changes to it during recent decades. Certainly in many areas there have recently been prolonged periods without peaks; however there is some qualitative evidence that these interruptions have occurred before (Steen et al. 1990; Angerbjörn et al. 2001). However, just as there is still much debate about what actually drives lemming cycles, there is also much uncertainty as to whether there have currently been any changes. A large part of the problem lies in the shortage of data and monitoring time series, especially from the medium and high alpine habitats where arctic foxes live. With the exception of Finse, most lemming studies are conducted in lower alpine, or birch forest habitats. One of the most important questions for arctic fox conservation is over what distances are lemming cycles synchronized?

This study component proposes to build on the existing small mammal monitoring system conducted under TOV (sites in Hardangervidda, Dovrefjell, Børgefjell and Dividalen) by adding some additional monitoring sites. The exact choice of sampling areas and sampling design will be made during the autumn. The objective is to improve our understanding of patterns of spatial variation in small rodent cycles. Our goals include.

· examine the spatial pattern and scale of synchrony in small rodent cycles in the alpine ecosystem in different parts of Norway.

· relate these spatial dynamics to arctic fox reproduction and movements

· develop a model that relates arctic fox population dynamics to small rodent dynamics in space and time

These data will assist arctic fox recovery in a number of ways.

· On a local scale (within 100 km) this is important to understand arctic fox population dynamics where it is believed that dispersal from out of phase areas has the potential to increase the viability of local populations (Loison et al. 2001), however we currently lack the data to test these ideas.

· By increasing the number of areas from which we have small rodent data we will be in a better position to plan the release of arctic foxes so as to get the maximal benefit from this “out-of-phase” effect – plus if there really has been a change in lemming dynamics we can hopefully concentrate on areas with the most favourable conditions.

· Finally, access to small rodent data will help us interpret the arctic fox monitoring data.

· In addition, such data on small rodent abundance if collected over a long enough time period will result in a high value data set that both improve our general understanding of small rodent dynamics, and allow a more detailed monitoring of environmental change in the mountain ecosystem.

Reporting: This project component will be routinely reported as a part of TOV. In addition, a short summary will be included with the remainder of the arctic fox topics on December 1st each year.

Personnel and organization: Sub-project leader = Erik Framstad. The project will cooperate with other relevant initiatives (University of Tromsø), SEFALO+.

Component 8. Project coordination

Coordination of such a large and integrated project, including international cooperation, clearly requires a good deal of time. This project component will provide the time necessary to coordinate planned activities as well as expanding and develop collaboration with relevant international and national initiatives.

Personnel and organization: Project leader and coordinator = Arild Landa

Component 9. Data analysis and publication
The last 15 years of arctic fox research in Norway has accumulated much data that remains unanalyzed and unpublished. This project component will provide the time necessary to analyse and publish existing data so that future decision makers have access to all the available information

Datasets that will be published include;

· Studies of heavy metal and radiation content of arctic foxes in Norway, Svalbard and Siberia.

· Survival of radio-collared arctic foxes.

· Relating patterns of arctic fox reproduction to lemming monitoring data collected at Finse and by TOV.

· Providing insights into arctic fox population dynamics and life history through analysis of time series from harvest data from North America and Siberia.

Reporting: The four datasets mentioned above should be analysed and submitted for publication before the end of 2004.

Personnel and organization: The analysis and writing will be done by John Linnell and Olav Strand.

Component 10. Reporting and information

We aim to produce a single report each year that summarises the ongoing activity in the various project components. This report will be presented on Dec 1st each year. The main benefits of producing a single report are that it allows the synergy between different project components to be visualized, and allows a more cost-effective use of resources. In addition, the once-off components will be produced as described above.

However, because of the large interest from researchers, managers, politicians and the public in all arctic fox activities we intend to deliver continuous information about project progress throughout the year. We propose to have continual updates available on the internet (Prosjekt Fjellrev and NINA) which will also include a short newsletter 4 times a year.

Finally, we shall provide information through presentations to various interest groups and popular articles.

	DELIVERIES ARCTIC FOX - REPORT AND INFORMATION SCEDULE

	 
	2004 only
	Ongoing

	Surveys and monitoring 
	 
	 

	Monitoring of arctic fox 
	 
	1. december

	Field handbook 
	1. april
	 

	Genetics
	31. june/1. december 
	 

	Ecology and monitoring of the most isolated arctic fox population - Finse
	 
	1. december

	Red fox ecology in the alpine ecosystems
	 
	1. december

	Arctic fox – red fox relationships – a worldwide view
	15. febuary 
	 

	Captive breeding and reintroduction 
	 
	1. december

	GIS
	 
	 

	Persistence and extinction in a landscape context
	1. june
	 

	Ecological factors associated with red fox expansion into the alpine ecosystem. 
	15. february
	 

	Predicting arctic fox den locations
	1. june
	 

	Identifying priority areas for arctic fox recovery
	1. june
	 

	Predicting spatial variation in reproductive success in arctic fox
	1. june
	 

	Using monitoring data in area management
	1. december
	 

	Small rodent ecology 
	 
	1. december and TOV

	* in addition we will produce 4 newsletters from the projects each year 
	 
	 

	* regular updates on internet in real time - Prosjekt Fjellreven, NINA, DN
	 
	 

	* constant reply to media enquiry
	 
	 


Cooperation with other institutes in Norway, Sweden and Finland
NINA is able to provide competence in many fields covered by this application (genetics, database management, monitoring, field surveys, population modelling, small rodent ecology etc) and we are able to build a synergy effect with ongoing projects such as TOV and the Large Carnivore Monitoring Program in terms of both field work and expertise. In addition, the components dealing with red fox ecology will interact with 2 NFR financed projects. The first “Conflicts and sustainability around second home development” will run from 2003 until 2006. The second “Climate induced changes in mammalian community structure” has presently funding for 2003, but has been invited to submit a larger application for the period 2004-2007. However, it will not be possible for any institute alone to meet the challenges posed by arctic fox recovery. In the research components that deal with GIS and population modelling we will depend heavily on cooperation with the Department of Biology at NTNU. In addition, we have an established cooperation with both the Veterinary College (husbandry and sperm storage) and the Veterinary Institute (disease screening) in Oslo. 

However, in many areas we will have to cooperate with other colleagues in Norway, Sweden and Finland. To this end, NINA and the University of Stockholm have produced a common agreement that outlines potential areas for cooperation, as outline below. The components dealing with genetics explicitly involve cooperation between NINA and Stockholm University, where samples and laboratory effort will be pooled. The components dealing with GIS would also greatly benefit from cooperation as the mountain areas and their arctic fox populations from Trøndelag and northwards are common with Sweden and Finland. In addition, we aim to standardize our monitoring methodology and reporting systems to make cross-border comparisons easier. The inclusion of Norway in the SEFALO+ project financed by the EU-LIFE program focuses on this monitoring cooperation. The additional funds from this source will finance the ear tagging of pups along the border (1.5).

It is especially when it comes to testing different management actions in the field that we will have to look for cooperation with Sweden and Finland. Irrespective of the cause of arctic fox non-recovery there are a limited number of management options that are available. The SEFALO (1998-2002) and SEFALO+ (2003-2007) projects are testing the potential for supplementary feeding and red fox control in Sweden and Finland. Captive-breeding and reintroduction is the other main approach that we have focused on in Norway. Testing any of these methods in the field is expensive and resource demanding. In order to get the most out of our efforts we will work with our colleagues in Sweden and Finland to adopt an integrated Fennoscandian approach. Our present vision for this would be that Sweden and Finland instigate their actions (feeding and red fox control) along the border populations from Trøndelag and northwards – while we do not act on the Norwegian side of these populations – this would in effect allow Norway to be used as a control area for evaluating the Swedish experiments. Meanwhile, the development of captive-breeding and release activity will be concentrated on south Norway where results will be easy to monitor, and where there is no difficulty in separating the impact of these actions from those ongoing in Sweden / Finland. As a result of this integrated approach of science and field testing management actions we will be able to pool our experience to determine which actions are most successful under which conditions. At this point, when the field experience has been evaluated and the present package of research is complete, it should be possible to come up with a consolidated plan for the entire Fennoscandian region.

Final words

Populations on the edge of their range are often more prone to extinction than those in the central regions, and there is little doubt that Fennoscandian arctic foxes are on the edge of the species range. For many this might be an excuse to sit back and say “let nature takes its course”. However, we must not forget that the original decline might have been caused by unregulated trapping and state sponsored bounty programs. Furthermore, these peripheral populations can also be the source of novel adaptations that arise through isolation, genetic drift and natural selection (Lesica & Allendorf 1995). Furthermore, both national and international legislation commits Norway to actively ensure the conservation of its own biodiversity. Given the fact that protection has not helped the status of arctic foxes, and that the actions tested in Sweden and Finland have not yet shown dramatic and conclusive effects (albeit after a relatively short period) there is no guarantee that the results of this proposed package of research and method development will manage to save the arctic fox from regional extinction. This is especially true when we consider the potential impacts that climate change can have on all Fennoscandian mountain fauna and flora (Tast 1991; Sætersdal et al. 1997, 1998) in the years to come. However, if we bear in mind that arctic foxes have survived the environmental changes of the last 5000 years (Frafjord & Hufthammer 1994) and their general ecological adaptability there is reason for optimism. This is strengthened by the tenacity with which some small isolated populations have managed to survive against the odds. So far, there have been no mammalian extinctions in Norway and there are a range of ecological, aesthetic and philosophical reasons to try and prevent arctic foxes from being the first (DN 1999). One thing is clear, without intervention the empty dens that we find throughout our mountains will remain empty, bearing silent witness to past human excesses. If we do not try to save the arctic foxes, we will not succeed.
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