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Reconciling biodiversity conservation and agricultural expansion in the
subarctic environment of Iceland
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ABSTRACT. Intensified agricultural practices have driven biodiversity loss throughout the world, and although many actions aimed
at halting and reversing these declines have been developed, their effectiveness depends greatly on the willingness of stakeholders to
take part in conservation management. Knowledge of the willingness and capacity of landowners to engage with conservation can
therefore be key to designing successful management strategies in agricultural land. In Iceland, agriculture is currently at a relatively
low intensity but is very likely to expand in the near future. At the same time, Iceland supports internationally important breeding
populations of many ground-nesting birds that could be seriously impacted by further expansion of agricultural activities. To understand
the views of Icelandic farmers toward bird conservation, given the current potential for agricultural expansion, 62 farms across Iceland
were visited and farmers were interviewed, using a structured questionnaire survey in which respondents indicated of a series of future
actions. Most farmers intend to increase the area of cultivated land in the near future, and despite considering having rich birdlife on
their land to be very important, most also report they are unlikely to specifically consider bird conservation in their management, even
if financial compensation were available. However, as no agri-environment schemes are currently in place in Iceland, this concept is
highly unfamiliar to Icelandic farmers. Nearly all respondents were unwilling, and thought it would be impossible, to delay harvest,
but many were willing to consider sparing important patches of land and/or maintaining existing pools within fields (a key habitat
feature for breeding waders). Farmers’ views on the importance of having rich birdlife on their land and their willingness to participate
in bird conservation provide a potential platform for the codesign of conservation management with landowners before further
substantial changes in the extent of agriculture take place in this subarctic landscape.
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INTRODUCTION
Combining commercially efficient agricultural land use with
biodiversity conservation is one of the major challenges of
modern times. Agricultural landscapes are complex socioecological
systems, and achieving conservation objectives within these
landscapes requires the integration of resource uses, landowner
perspectives, and governance frameworks. As such, agricultural
systems are similar to many other socioecological systems in
which successful management or sustainable preservation of
resources relies heavily on stakeholder involvement and suitable
regulation that take complex feedback processes into account
(Ostrom 2009). One key feature in successful conservation
management is to consolidate the different interests of
conservation and agriculture (Young et al. 2005, Redpath et al.
2013). This requires active communication to reconcile potential
conflicts and ensure that different interests are appreciated from
the outset, as well as having all parties involved working together
toward mutually agreed goals (Redpath et al. 2013). Increases in
agricultural extent and efficiency have driven widespread declines
in biodiversity throughout the world (Donald et al. 2001, Foley
et al. 2005, Millennium Ecosystem Assessment 2005), and as the
human population increases, the demand for agricultural
products will likely continue to grow. The increased demand for
agricultural production has been met with both expansion of
agricultural land and the intensification of land already used for
agriculture, both of which have been shown to substantially
impact biodiversity (Flowerdew 1997, Sotherton and Self 2000,
Benton et al. 2003, Donald et al. 2006, Katayama et al. 2015).
Different conservation approaches have been used to reduce the
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impact of agricultural expansion and intensification on farmland
biodiversity. Two fundamentally different approaches have
received a lot of attention: constrain the land area used for
agriculture by maximizing its yield, even with high costs for local
biodiversity, but sparing other areas for conservation, often
referred to as “land sparing”; and maintain agricultural
intensification at lower levels that may spread the impacts on
biodiversity, often referred to as “land sharing” (Green et al.
2005). In either approach, the involvement of stakeholders is likely
to be an important factor determining the success of conservation
projects. Evidence suggests that farmers who participate in
developing conservation schemes experience an increase in their
commitment and satisfaction (Emery and Franks 2012).
However, a fundamental step toward their early involvement is to
understand their views on biodiversity conservation and their
expectations of potential changes in future land management.
In areas where agriculture is restricted by environmental
conditions, such as at high latitudes or altitudes, factors such as
short growing seasons, extreme rainfall, or lack of soils can limit
the opportunities for agricultural intensification. In these cases,
increasing agricultural production usually requires expansion of
agricultural land. At the subarctic latitude of Iceland (63°-66°
North) the growing season is very short, which limits
opportunities to intensify agricultural production, and increased
demands for agricultural products are therefore likely to be met
by expanding the area of cultivated land. However, the potential
impact of such expansion on the species that occur in lowland
Iceland is unknown. Icelandic biodiversity is characterized by
relatively low species diversity but great abundance of many of
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those species. Iceland supports internationally important
breeding populations of 21 bird species (Einarsson et al. 2002)
and hosts a large part of the world population for several bird
species (Wetlands International 2006). Iceland is especially
important for northern hemisphere breeding waders (Charadrii;
Gunnarsson et al. 2006). It sustains very high densities of several
species (Jóhannesdóttir et al. 2014) and is one of the most
important breeding areas for waders in Europe (Thorup 2004).
Iceland sustains such high densities in part because of large areas
of open landscape with small-scale mosaics of suitable habitats
that fulfil different breeding wader requirements (Gunnarsson et
al. 2006, Pickett and Siriwardena 2011). This landscape has been
shaped through the centuries by livestock grazing and
deforestation, which, together with frequent volcanic activity
(Arnalds 1987), have resulted in large areas of forest-free open
landscapes. In the 20th century, extensive drainage projects were
subsidized by the Icelandic government to increase agricultural
opportunities and productivity. At that time ~55%-75% of
Icelandic wetlands were drained to some extent (Óskarsson 1998),
which caused radical changes to habitats and landscape. For some
breeding wader species, these changes might have initially been
favorable, because some drainage may have increased the mosaic
of available breeding habitats. Following the widespread drainage,
the area of hayfields quadrupled in 30 years, slowing down in the
1980s but maintaining an increasing trend (Snorrason et al. 2015).
Currently, 6% of the area below 200 meters above sea level (m a.
s.l.) is cultivated, but estimates suggest that >60% of that area
could potentially be converted to cultivated land (The Farmers
Association of Iceland 2010, The Farmland Database 2013). This
rate of conversion of seminatural habitats to farmland is alarming
given the potential for both direct loss of breeding habitat for
waders and degradation of the remaining habitat as a result of
drainage of pools and advances in timing of harvest (Eglington
et al. 2008).
The Icelandic government has recently placed more emphasis on
limiting development (other than agriculture) on land that could
be used for agriculture, (Alþingi 2015a), in anticipation of future
increased demand for agriculture products driven by huge
increases in tourism (the numbers of tourists visiting Iceland have
increased by 185% since 2005, going from 350,000 to 1 million;
Óladóttir 2015), as well as growth in the Icelandic population,
which is estimated to increase by ~30% in the next 50 years (from
330,000 to 440,000; Statistics Iceland 2015a). Given projections
for global increases in the human population (United Nations
2015), current forecasts predict a required ~60%-110% increase
in worldwide agricultural production (from levels in 2005) to meet
the increased demand for produce (FAO 2009, Tilman et al.
2011).
Icelandic agriculture is limited by both geographical and
geological factors. The oceanic climate results in prolonged
periods with temperatures close to 0°C in winter and cool
summers, with average temperatures being approximately -1°C in
January and 10°C in July (Icelandic Meteorological Office 2015).
The lowlands, where almost all agriculture occurs (generally
defined as areas below 300-400 m a.s.l.), are characterized by a
subarctic climate; while the highlands, covering much of the
country, have low arctic to arctic conditions, with glacial icecaps
covering about 10% of the country. Areas suitable for cultivation
are mostly below 200 m a.s.l., which cover ~15% of Iceland and

where ~90% of farms are located (National Land Survey of
Iceland 2013). Annual rainfall ranges from 400 to 3000 mm
(Icelandic Meteorological Office 2015), and the growing season
is about 4 months. Volcanic activity is frequent in Iceland and
causes severe erosion, leaving large areas vulnerable to soil
degradation (Arnalds 2015). Agricultural production in Iceland
is heavily subsidized (OECD 2015), accounting for ~1% of annual
GDP, and its production fulfils most dairy and meat demand in
the domestic market (Jóhannesson 2010). Cultivated areas in
Iceland are mostly hayfields that are both used for grazing and
fodder production for livestock grown for meat and dairy
production. The total area of hayfields at present is ~120,000 ha
(The Farmers Association of Iceland 2010), with arable
production being small-scale and mostly comprising barley grown
for fodder on the farm where it is grown. Barley production is
increasing, and barley is currently grown on ~4000 ha, yielding
about 15,000-16,000 tons and accounting for 10%-12% of the
cereal used for livestock production (Tómasson et al. 2011).
Icelandic agriculture consists of mostly three types of livestock:
sheep, cattle, and horses. Sheep are kept indoors during winter
and are grazed close to the farms in spring and autumn but during
summer most are grazed in the highlands, so lowland farmland
has few sheep during summer. Cattle are mostly kept indoors, but
most dairy cows do roam in fields close to the farm during daytime
in summer. Horses can stay outside the whole year and most do,
though some are kept inside for riding and training purposes.
Generally the density of livestock in Iceland is low. Livestock can
impose a direct threat to breeding birds through trampling and
predation of nests (Katrínardóttir et al. 2015), but grazing by
livestock also helps to maintain the open landscape that provides
conditions suitable for breeding (Durant et al. 2008).
The remaining areas of seminatural habitats in lowland Iceland
currently sustain very high densities of breeding waders,
particularly the remaining wetter habitats (e.g., marshes and bogs;
(Jóhannesdóttir et al. 2014). The effect of the expansion of
agriculture into areas of seminatural habitats could potentially
be reduced by integrating conservation measures into land
management, but currently there are very few restrictions on land
management in Iceland (Alþingi 2015b). Given that almost all
land in lowland Iceland where farming occurs is either privately
owned or state property managed by farmers (Kristófersson et
al. 2007), it is important to understand farmers’ views and
attitudes toward bird conservation on their land.
To explore the potential for collaboration with landowners, and
which actions they would be willing to undertake for bird
conservation, we visited farms across the main agricultural
regions of lowland Iceland. We asked farmers a series of questions
about their future land management and their attitudes toward
birds and bird conservation, focusing on four specific
conservation measures that are likely to be key in maintaining
large breeding wader populations in farming regions (Table 1).
We also wanted to know whether Icelandic farmers might be more
willing to consider participating in conservation management if
financial compensation were available, much like the agrienvironment schemes that currently operate in many European
countries (Kleijn and Sutherland 2003). Iceland is not a member
of the EU but has considered joining in recent years. There are
currently no conservation efforts aimed at breeding waders in
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Table 1. Details of the four agricultural land management issues likely to be of specific importance for breeding waders in lowland
Iceland, and the mechanisms through which they can influence breeding wader distribution and demography.
Conservation management Impact on waders

References

Grazing intensity

Vickery et al. 2001, Tichit et al. 2005,
Smart et al. 2006, Katrínardóttir et al.
2015

Harvest timing

Leaving pools intact
Sparing important areas

Shapes vegetation height and heterogeneity; high levels of grazing create short,
homogeneous swards that can be unsuitable for foraging, sheltering, and
nesting
Livestock trampling of nests and chicks
Occasional egg and chick predation by livestock
Agricultural machinery can destroy clutches and chicks when timing of harvest
coincides with nesting and chick rearing
Can alter invertebrate food availability through changes in vegetation structure
Pools are an important source of invertebrate prey, and of water for drinking
and plumage maintenance
Maintaining large areas that can provide the range of nesting locations, prey
resources, and places for chicks to hide from predators, at appropriate scales

Schekkerman and Beintema 2007, Kleijn
et al. 2010, Schroeder et al. 2012
Gunnarsson et al. 2005, Smart et al.
2006, Eglington et al. 2008
Whittingham 2007, Schekkerman et al.
2008

Iceland, despite the international importance of the large wader
populations in Iceland; but Iceland’s involvement in relevant
international conservation agreements, such as the Ramsar
Convention, the Bern Convention, and the African-Eurasian
Waterbird Agreement (van Schmalensee et al. 2013), provides a
potential platform for the development of appropriate
conservation strategies. The concept of protecting wildlife is well
established in Iceland, through protected areas and species
protection legislation, but the there is no history of providing
financial compensation to landowners for conservation actions.

farmers’ views or plans, a 5-point Likert scale was used in which
respondents were asked to assign a score that reflects the extent
to which they agree or disagree with a series of statements (1 =
very likely, 2 = likely, 3 = uncertain, 4 = unlikely, 5 = very unlikely
and 1 = strongly agree, 2 = agree, 3 = no opinion, 4 = disagree,
5 = strongly disagree; Likert 1932). The Likert scale assumes the
strength of experience is linear; on a continuum from strongly
agree to strongly disagree, and that attitudes can be measured.
This is vital to be able to quantify farmer’s responses and views.

METHODS

Fig. 1. Map of Iceland (top) showing areas below 400 meters
above sea level in white and the surveyed farms (filled circles) in
each of the regions (indicated by lines), and the regional
variation in (a) total livestock units (LU: cattle = 0.9; horses =
0.8; sheep = 0.1) and (b) composition of livestock units per
farm (Statistics Iceland 2015b).

Study location
This study was undertaken in Iceland, an island in the NorthAtlantic Ocean located between 63° and 66° North on the mid
Atlantic ridge. Agriculture in Iceland is still of relatively low
intensity, and large patches of seminatural habitats, e.g., marshes,
bogs, heaths, and river plains, are present in most agricultural
areas. There has never been any biodiversity conservation action
developed on agricultural land in Iceland.
Icelandic agriculture is primarily pastoral, and livestock number
and composition vary regionally (Fig. 1a, b). Livestock in the
South and North mostly comprise cattle and horses; the West has
similar numbers of the three livestock species, while farms in East
and in the West fjords have fewer horses and proportionally more
sheep. Consequently, farms in three regions (South, West, and
North; Fig. 1) were visited to explore any regional variation in
views and attitudes.
Questionnaire survey
In the summers of 2013 and 2014, 62 farms (2.4% of the total
number of farms in Iceland; Statistics Iceland 2012) were visited
(Fig. 1) and the farmers were questioned about their intentions
regarding future farming practices and their views on bird
conservation, the importance of birdlife, and their willingness to
participate in different actions aimed at bird conservation. The
farmers’ age and gender and their farm characteristics (livestock
number and composition) were recorded. For comparison
livestock numbers were converted to livestock units (LUs) based
upon the feed requirement of each livestock type: cattle = 0.9 LU
(with dairy cow = 1 LU and cattle for meat production = 0.8),
horses = 0.8 LU, and sheep = 0.1 LU (Eurostat 2013). To measure
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Farms were visited in three main agricultural regions (24 in the
North and in the South and 16 in the West), which encompass
the majority of agricultural production in Iceland (Fig. 1). Similar
proportions of farms were surveyed in each region (39% in the
South, 26% in the West, and 35% in the North). Farms were
selected visually from maps, ensuring similar numbers across the
three regions, capturing geographical variation in farming
practices, landscapes, and biodiversity, as well as the range of
farm types regarding production capacity and livestock
composition. To avoid spatial clustering, surveyed farms were
selected to be >5 km apart. However, in some areas recruiting
farmers to participate in the study was difficult; often they were
busy at the time of visiting and others did not want to participate.
Consequently, on eight occasions farms were closer than the
desired level (minimum distance = 2 km).
Data analysis
Because views about biodiversity conservation may vary with age,
respondents were classified as either younger (born after the
median birth year of 1966, range: 1943-1990) or older (born
before 1966; for interviewed couples the average age was used),
and responses of these two groups to each question were
compared with Fisher’s exact tests. Similarly, response may vary
regionally as a consequence of differences in land type, habitat,
and landscape structure, and availability of land or livestock
requirements; thus, regional differences were also compared with
Fisher’s exact tests.

not vary significantly across regions or between older and younger
respondents (Fig. 4, question 1). Of the 20% of farmers that did
not intend to increase their area of agricultural land, 8% have
used all the suitable land they own for agriculture so they do not
have the option to expand.
Fig. 2. Numbers of older and younger (than median birth year
of 1966) farmers in each regions who answered questions as
individuals (men or women) or as couples.

Fig. 3. Variation in (a) numbers and (b) livestock units of sheep,
cattle, and horses on study farms in the three regions.

Responses to questions regarding willingness to participate in
conservation actions were classified as willing (very likely or
likely) or unwilling (unlikely or very unlikely). The characteristics
of respondents who were either willing or unwilling to both spare
important land for birdlife and manage grazing for birdlife (the
two relevant questions with sufficient variation in responses) were
then compared with Mann-Whitney U tests, G-tests, or Fisher’s
exact tests, as appropriate. Statistical analyses were performed in
the program IBM SPSS Statistics 22.0.
RESULTS
Demographic characteristics of respondents
The 62 farmers included in the surveys were all owners of the land
they farm (all farms were family run), and the questionnaires were
primarily completed by one member of the family, but in some
cases (10 farms) by both members of a couple. Respondents varied
in demographic characteristics; the oldest was born in 1943 and
the youngest in 1990. Average year of birth was 1964 in the South
(±13 years), 1960 in the West (±14 years), and 1971 in the North
(±12 years). The majority were male (69%), whereas 15% were
female and 16% were couples (Fig. 2).
Farm type
Farms varied in numbers, type, and combination of livestock (Fig.
3a). Most farms in Iceland have a mixture of the three most
common livestock: sheep, cattle, and horses. The vast majority of
the farms in this study (93%) had a mixture of two or three of
these livestock types, and farms varied considerably in livestock
numbers, ranging from 11 to 402 LUs (Fig. 3b).
Prospects for future expansion of agriculture area
More than half of the farmers (63%) were likely or very likely to
expand their agricultural area in the next five years, and this did

Respondent views on birdlife and attitudes to managing for
birdlife
Nearly all farmers (97%) agreed or strongly agreed that it is
important to have rich birdlife on their estate, and older farmers
were significantly more positive about this than younger farmers
(Fig. 4, question 2; Fig. 5a). However, only ~30% currently take
birdlife into consideration when managing their land and this was
not influenced by the concept of receiving financial incentives for
these actions (Fig. 4, questions 3, 4). Again, significantly more
older than younger farmers strongly agreed that they currently
took birdlife into consideration (Fig. 4, Fig. 5b). The definition
of “taking birdlife into consideration” was left open in order not
to constrain farmers’ ideas of what they thought would be
beneficial to waders, but discussions with farmers about this issue
focused around actions such as taking special care during mowing
to protect nests and chicks and leaving wet features available.
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Fig. 4. The number of farmers responding to each question, their modal (most frequent) response (the mode number refers to the
answers going from left to right: 1 = very likely/strongly agree to 5 = very unlikely/strongly disagree, and the percentage of
respondents selecting each of the five possible responses), and the results of Fisher’s exact tests of independence of differences in
responses to each question between age groups (older or younger than median age) and regions (South, West, and North).

Fig. 5. Differences in responses between older and younger
farmers to the statements (a) I think it is important to have rich
birdlife on my estate and (b) I take birdlife into consideration in
land use management, and between farmers in different regions
to the statement (c) I think delaying the timing of harvesting
could be possible (see Figure 4 for statistical analyses).

Responses regarding willingness to take part in different land
management for birdlife varied depending on the proposed
actions. More than 50% indicated that they would be willing to
manage grazing at a favorable level for birds (Fig. 4, question 5),
around 90% either did not or would be willing not to drain pools
on their estate (Fig. 4, questions 10, 11), and approximately 60%
are willing to spare important patches for birds on their land (Fig.

4, question 13). However, delaying harvest of hayfields or arable
land was an action most farmers did not undertake and would
not consider undertaking, even if financial incentives were
available (Fig. 4, questions 7-9). Only 9 farmers thought that such
action would be possible and, of those, only 3 were willing to do
so (Fig. 4, question 7). Farmers in the West were significantly
more positive about delaying harvest (Fig. 4, Fig. 5c), although
most still strongly disagreed that this was possible.
Identifying farmers most likely or unlikely to participate in bird
conservation
The questions on whether farmers would be willing to manage
their grazing and spare important sites for birdlife (Fig. 4,
questions 5, 13) had a range of responses and provided the
opportunity to explore whether farmers with similar attitudes
toward participating in bird conservation shared demographic
characteristics. Farmers that responded as being likely or very
likely to consider both actions were categorized as being willing
(21 farmers) and farmers that were unlikely or very unlikely were
categorized as unwilling (6 farmers, Fig. 6). Comparison of the
two groups showed that they did not differ significantly in
proportion of livestock and age, but they did differ between
regions (Table 2), with a greater percentage of willing farmers
both in the West (45%) and the South (36%) than in the North
(18%).
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Fig. 6. Identification of farmers who were willing (green circles)
or unwilling (blue circles) to both manage grazing levels and
spare important land to benefit birdlife. Grey circles indicate
farmers who were either neutral or gave contrasting responses
to these two questions. Points have been jittered to prevent
overplotting.

Table 2. Result of tests of the numbers of farmers that were either
willing or unwilling to both manage grazing and spare important
land to benefit birdlife in relation to their farm characteristics
(Mann-Whitney tests), region (G-test), and age (older or younger
than the median birth year of 1966, Fisher’s exact test).
Farm characteristics

U22,6

p

Livestock units (LUs)
Sheep proportion
Cattle proportion
Horse proportion

65
45
62
47

0.955
0.237
0.821
0.287

Farmer characteristics
Region
Age

G

df

p

6.182

2
1

0.045
0.676

DISCUSSION
The majority of the Icelandic farmers who took part in the survey
plan to expand their agricultural land in the next five years, and
this is likely to be driven further by increasing demands for
farming products (Barkarson et al. 2014). This implies that
conversion of seminatural land into farmland is likely to greatly
increase in the near future, with potentially severe and widespread
impacts on the internationally important bird populations that
currently breed in these areas. Such expansion could put Iceland
on a similar trajectory to many other countries that have
experienced substantial biodiversity declines due to agricultural
intensification and expansion (Millennium Ecosystem Assessment
2005). To maintain these globally important populations during
agricultural expansion, it is important to know what conservation
actions farmers may be willing and able to undertake (Young et
al. 2005). Determining farmer attitudes toward having a rich

birdlife on their land is an important first step in this process,
because farmers that value birdlife may be more willing
collaborators in the development of conservation management
actions on their land. This is especially important because
governance of land management is currently weak in Iceland and
the socioeconomic system is unbalanced, with farmers having full
control in the use of the remaining seminatural land resource
(Ostrom 2009). This information could either be used to improve
the governance or encourage farmers to take on self-governance
to protect the resource.
Farming for birds in Iceland
The abundance of bird populations on agricultural land is
typically a function of the intensity of agricultural operations
(Schifferli 1999, Chamberlain et al. 2000, Donald et al. 2001,
Murphy 2003). Agricultural processes such as the use of fertilizer,
changes in landscape structure, and water level management can
sometimes be beneficial at low intensities. Fertilizer-fueled
increases in vegetation growth may provide more opportunities
for chicks and adults to shelter from predators, and tall vegetation
can support abundant invertebrate prey resources (Gunnarsson
2010, Jóhannesdóttir et al. 2014). Breeding waders often have a
preference for mosaic landscapes (Milsom et al. 2002,
Schekkerman et al. 2008, Oosterveld et al. 2011), which can be
enhanced through agricultural processes, especially during the
earlier stages of agricultural expansion, e.g., through drainage of
wetlands creating drier areas that might be suitable for nesting,
ditches providing open water resources, and hayfields providing
abundant and accessible prey resources. However, increases in
agricultural intensity typically result in rapid landscape
homogenization, with the result that the resources required by
breeding birds are no longer available at the appropriate scales.
The negative impacts of agricultural intensification on birdlife
are well described (Chamberlain et al. 2000, Donald et al. 2001,
Donald and Evans 2006, Perlut et al. 2006), but the point at which
landscapes begin to become unsuitable will likely depend on the
system and species involved. The high densities of breeding
waders in the lowland regions of Iceland (Jóhannesdóttir et al.
2014) in which agriculture is common may suggest that landscape
structural complexity is still sufficient to provide the necessary
resources. For that reason, it is understandable that Icelandic
farmers might not perceive their farming practices as a particular
threat to local biodiversity. However, given that farmers manage
a large proportion of lowland areas in Iceland, where the vast
majority of waders breed and where there are virtually no
regulations on land use, their future actions have the potential to
greatly impact wader populations.
Farmers’ views toward birds and their conservation
The vast majority of the questioned farmers considered it
important to have rich birdlife on their estate. This may be
beneficial in developing and targeting successful conservation
measures, because farmer attitudes are likely to reinforce their
actions (Lynne et al. 1988, Vogel 1996). In Iceland, most farms
are family owned, as was the case for all farms surveyed in this
study, and many farmers had lived their entire life on the same
farm. Such strong connections to the land can be beneficial for
conservation, and can have a positive effect on the persons’
concern for nature (Mayer and Frantz 2004). Although only onethird of the farmers reported that they currently take waders into
consideration in their land management, they were generally
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positive toward participating in the four different conservation
measures proposed. About 60% were likely or very likely to be
willing to manage their grazing at levels favorable to waders if
they were provided with appropriate instruction. The timing of
farming operations, such as harvesting/mowing, can be crucial
for breeding waders because they can result in the destruction of
nests, chicks, and adults during the breeding season. For example,
advances in timing of mowing of hayfields in the Netherlands has
meant that this now coincides more frequently with wader nesting
and chick rearing, causing unsuccessful breeding attempts and
leading to lower recruitment (Kleijn et al. 2010). Because of the
short growing season and changeable weather conditions in
Iceland, particularly the relative lack of periods of dry weather
that are required for hay processing, farmers have a short time
window in which to mow their fields. Hence, few farmers (<20%)
think they have flexibility to change their timing of mowing, and
the few who thought it would be possible reported they would be
very unlikely to do it. A few farmers mentioned they might be
willing to do this if they could be compensated with hay, but as
the limitations on hay production (particularly the short growing
season) are similar across Iceland, it is unlikely that the necessary
excess hay production would be available. Delaying mowing is
therefore a management action that is very unlikely to be
achievable in Iceland at present.
High water levels and pools are very important for breeding
waders as sources of invertebrate prey (Gunnarsson et al. 2005,
Smart et al. 2006). It is therefore encouraging that about 90% of
the farmer’s reported that they already allow pools to stay intact
on their property and that the great majority would be willing to
spare them for birds. Maintaining pools is probably one of the
most important management actions that farmers can undertake
to support farmland biodiversity (Smart et al. 2006, Eglington et
al. 2008). This is also linked to whether farmers would be willing
to spare certain areas if they were known to be important to
waders. Around 65% of farmers agreed or strongly agreed that
their farming actions, e.g., natural land conversion, could be
adapted to spare areas for birdlife, if they had appropriate support
information to identify such areas. A focus on sparing wet areas
would be an obvious first step, given the importance of water and
wetlands for these species (Eglington et al. 2008, Jóhannesdóttir
et al. 2014).
Financial compensation
In contrast to what was anticipated, the prospect of financial
compensation did not increase the proportion of farmers who
were willing to participate in the different conservation actions.
Interestingly, some farmers reported that they were less likely to
participate if they were to receive financial compensation, which
probably reflects how unfamiliar this concept is to Icelandic
farmers. Studies in the EU have shown that financial
compensation is the most common reason for joining agrienvironment schemes (Wilson and Hart 2000), and Icelandic
farmers did and do receive state subsidies for actions on their
land, e.g., ditch construction for drainage and afforestation.
However, there is no history of conservation measures in Icelandic
farming, so both the concept of agri-environment schemes and
compensation for participating in conservation efforts are novel
to Icelandic farmers, many of whom had never previously
considered the possibility of financial incentives for conservation
management.

Conservation implications
Conservation action at these northern latitudes is likely to become
necessary very soon, given the impending increase in the extent
and intensity of agricultural activities. It is important to use
experience from other countries to effectively integrate
conservation actions with land use and management in farmed
areas, and also to successfully cooperate with farmers and identify
those most likely to be sufficiently engaged to allow long-term
sustainable actions to be delivered. Although our questionnaire
allowed identification of farmers who were consistently willing
or unwilling to engage in conservation management actions, there
was no clear link to any demographic group or farm type, other
than farmers in the North were less willing to spare land or
manage their grazing at favorable levels. However, this difference
is probably caused by the fact that in the river valleys in the central
North region, nearly all areas suitable for farming have been used,
so farmers in the North have less flexibility in their management.
This lack of demographic difference between the two groups of
willing and unwilling farmers suggests that willingness to
participate is an individual attribute, and studies such as ours are
needed to identify willing participants. Older farmers did report
more often that they found it important to have rich birdlife on
their estate, but there was no evidence that they were more likely
than younger farmers to participate in conservation management.
Key steps in developing conservation management on Icelandic
farmland will likely be raising awareness of the issues and
providing farmers with sufficient time to process the available
information, and thus to decide whether or not they wish to
participate. This study will hopefully provide a platform for
developing conservation actions for the globally important
breeding wader populations in Iceland and potentially other
subarctic environments. Planning and regulations for land
management in these regions are rare, but rapid changes in land
use are likely, given the changing climatic conditions and potential
for global trade in agricultural products. However, as a signatory
to international agreements on conservation of birds and
wetlands (Ramsar Convention, Bern Convention and AfricanEurasian Waterbird Agreement), the Icelandic government is
required to take action to protect the internationally important
bird populations breeding in the country. Understanding what
farmers believe is possible and would be willing to do, given their
production aims, could help facilitate a more coordinated and
collaborative approach to achieving these aims.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/8956
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