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Coastal zones are important for recreational activities and waterbirds. However, recreational activities may have
negative implications for birdlife, which calls for balancing of both types of use by integrated coastal and marine
planning and management. Successful integrated management and planning require spatiotemporal knowledge
about the species needing protection and the outdoor recreation activities. This paper examines water-oriented
outdoor recreation in Denmark in terms of activities, seasonality and geographical distribution, and presents a
national screening of spatiotemporal overlap between coastal and marine recreational activities and waterbirds
based on 10,291 responses and 6,499 geographical positions. In total 77.6% of the Danish population partici
pated in water-oriented outdoor recreation activities at least once within a year. The most frequent activities
were to move along or stay on the coast/shore (63.9%), to bathe and swim (34.4%) and to observe nature and
wildlife (20.3%). Overlap between recreation and waterbirds, representing potential conflicts, ranged from 0.8%
in winter on water to 27.7% in summer on the coast. The results revealed significant negative effects between
recreational activities and abundance of waterbirds during spring and summer on the water. The results also
indicate that most recreational activities use areas with no or low densities of waterbirds. Successful coastal and
marine planning requires application of management tools that include educational and interpretative initiatives
to enhance coexistence. However, for detailed management, more studies are urgently needed of spatiotemporal
patterns, adaptations, conflicts and coexistence between recreational activity and waterbirds.
Management implications: The results support integrated planning and management of water-based recreation in
conjunction with waterbirds by:

- Providing spatially explicit year-round data on recreational and waterbird use of coastal and ma
rine areas.
- Obtaining the first ever national overview of potential areas of conflict and of possibilities for
coexistence between coastal and marine recreation and waterbirds.
- Identifying specific local areas in need of management action and more detailed studies of effects
and impacts of coastal and marine recreation on waterbirds.

1. Introduction
Outdoor recreation is an important cultural ecosystem service, which
is the focus of increasing research interest (Rodriques et al., 2017).
Among the reasons for this is that outdoor recreation provides a wide
range of important physical, social, psychological and spiritual benefits
for participants, which increase human welfare and may contribute to a

better and more healthy life (Keniger et al., 2013; Russell et al., 2013;
Wood et al., 2017). Outdoor recreation also provides important expe
riences and environmental learning that may stimulate understanding of
natural environments and generate public support for nature protection
(Soga & Gaston, 2016; Zaradic et al., 2009; Jensen & Cleemann, 2015).
These elements are significant because the experiences of outdoor rec
reation depend on the qualities of the natural environment (Bell et al.,
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2007). These qualities can be negatively affected by recreational activ
ities through associated adverse effects on nature and species caused by
habitat alteration, effects on physiology and behavior of species, re
ductions in habitat carrying capacity, effects on distribution and in
fluences on reproduction (Buckley, 2004; Hammit et al., 2015; Larson
et al., 2016; Liddle, 1997; Møller et al., 2014; Steven et al., 2011).
However, on a large scale, studies suggest that outdoor recreational
activities may have a small overall impact on nature compared to
environmental pressures from other human activities (e.g. agriculture,
industrial development, commercial fishing and urbanization) (Korpi
nen et al., 2012; Sutherland et al., 2017).
Here we focus on coastal and marine recreational activity in
Denmark, defined as all outdoor recreation activities that take place
near, on, in, above or below the water surface as well as activities where
water is an element of the experience. Excluding international tourists,
Danish beaches and coastal areas receive 43–50 million annual recrea
tional visits while Danish seas receive15-19 million annual visits (Jen
sen, 2014). The opportunity to observe wildlife enhances the nature
experience for 70% of recreationists while bird watching and observing
deer and other wildlife species are enjoyed by a third of the Danish adult
population (Jensen, 1999, 2009; Kaae and Møller-Madsen, 2003).
Denmark has 7,800 km of coastline and coastal planning regulations
apply to a zone extending 3 km inland. Public access to almost all coasts,
beaches and sea territories has existed since 1935. Over time, some re
strictions to public access have been established to protect wildlife and
to avoid conflicts between different user groups (Clausen et al., 2014).
The Danish waters support internationally important numbers of wa
terbirds and restrictions have been introduced to protect waterbirds
according to the Birds Directive under the European Union (Petersen
et al., 2010).
There is currently an emphasis on providing mechanisms to ensure
sustainable development of outdoor recreation in terms of environ
mental impacts. Successful planning and management requires data
about spatial and temporal patterns of the species in need of protection
and the behavior of outdoor users (Andersen et al., 2016; Eagles et al.,
2002; Gaston et al., 2008; Manning, 2013; Riungu et al., 2019). While
most of the existing studies have focused on specific issues or on a few
localities and selected recreation activities, national scale knowledge of
geographical distribution of recreation activities and waterbirds is
missing. Thus the aim of this study was to identify geographical and
seasonal overlap between water-oriented outdoor recreation and wa
terbirds in order to identify potential areas of conflict and coexistence.
We used data on geographical distribution of various types of
water-oriented outdoor recreation and year-round waterbird distribu
tion and abundance.

enjoyment of water (e.g. beach picnics or shore walks) over the previous
one year (from autumn 2014 to autumn 2015). The recreational activ
ities covered 92 types that were grouped into 16 main categories (see
Table 1). Furthermore, a 5-level Likert question was included on six
different reasons or motives behind the visit. Five of the six motives
(enjoy nature; peace and quiet; exercise; time with family/friends;
meeting new people) derive from the US-developed Recreation Experi
ence Preference Scale which has been translated and tested in a Danish
context (Jensen, 1998; Manfredo et al., 1996). To the five motives we
added ‘experience of wildlife’ in order to investigate the recreational
effect of wildlife, including birds, as a reason for the visit.
In part 2 of the survey, the respondents were asked to click on a link
to an online public participation GIS-mapping tool (PPGIS). Here re
spondents could map the geographical positions of their activities either
as a point or a route. Only 49% of the respondents completed the
mapping, probably because of respondent fatigue. However, the large
sample size ensured a representative sub-sample of 5,042 PPGIS par
ticipants in terms of gender, age, and spatial distribution of respondents’
residence across the regions of Denmark (see ESM, Table S1). Further
more, a sample of this size was considered satisfactory compared to
sample sizes and response rates in similar participatory mapping or
PPGIS studies (Brown & Kyttä, 2014). A flow diagram is presented of all
steps in the handling procedure and the data involved (Fig. 1).
2.2. Location of recreation activities
The focus was on marine areas and adjacent coastlines and therefore
we excluded recreational activities reported more than one km inland or
more than 100 km offshore. Furthermore, points marked by respondents
at a coarse scale (GoogleMaps zoom level 7 (approximately 1:9,000,000)
Table 1
Summary of participation by the Danish adult population (18–80 years) in
water-oriented outdoor recreation in autumn 2014 - autumn 2015 grouped by
main categories based on questionnaire surveys. The proportion of the adult
population participating in each activity is shown. Note that any one respondent
may contribute more than one activity.
Main activity groups

Moving along and/or stays at
shore
Bathing, swimming, winter
bathing etc.
Nature observation
Cultural activities near water
Sailing (all types)
Collection/beachcombing
Recreational fishing (all
types)
Rowing (kayak, rowing boat,
canoe)
Nature interpretation and
guided tours
Underwater recreation e.g.
diving, snorkelling,
underwater hunting etc.
Wind activities (e.g. flying
kites, hang gliding,
paragliding etc.)
Climbing on coastal cliffs
Surfing (all types)
Hunting activity by or on
water
Motorized watersports (e.g.
jet skiing, RIB-boat)
Ice skating and other ice
activities

2. Methods
2.1. Outdoor recreation
An extensive, nationally representative survey of water-oriented
recreation in the adult Danish population (aged 18–80 years) was con
ducted in autumn 2015 to collect information on geographically related
aspects of water-oriented recreation in Danish waters (Kaae et al., 2018).
The survey consisted of (part 1) a conventional online questionnaire on
water-oriented recreation, and (part 2) an online participatory mapping
tool linked to the questionnaire, where respondents could map their
water activity sites and reply to site specific questions.
In part 1 of the survey, data was collected through a market survey
company (Userneeds Ltd.) and 10,291 adult respondents participated in
the questionnaire. To ensure the best possible representative sample, the
company replaced non-respondents with others of similar age, gender
and region. The data was weighted to be fully representative of the adult
population. The questionnaire included questions about their partici
pation in water-oriented outdoor recreation activities in Denmark,
including activities near, on and under the water as well as passive
2

Number of respondents
in national survey
participating

The % of the adult
population (18–80
years) participating

in this activity within

in the activity within

a year (N = 10,291)

a year (N = 10,291)

6576

63.9

3540

34.4

2086
1502
1392
1032
886

20.3
14.6
12.9
10.0
8.6

640

6.2

552

5.4

393

3.8

165

1.6

129
109
87

1.3
1.1
0.9

48

0.5

33

0.3
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Fig. 1. Analytical flow diagram showing steps in the method and data handling procedure.

coverage of localities. They were based on surveys in summer (2006 and
2012), autumn (2008–2010) and winter (2004, 2008 and 2013), which
included major parts of the Danish waters with large numbers of wa
terbirds. Parts of the North Sea and Baltic Sea were not surveyed due to
low bird numbers and logistical reasons (see Laursen et al., 1997). Data
for summer and winter were based on estimations of densities from
transect counts in open marine areas combined with total counts from
coastal areas and fjords (Clausen et al., 2014; Petersen et al., 2010). The
autumn data for bird numbers were based on counts from 120 wildlife
reserves.
Bird densities are presented as estimates within a standardized 1 × 1
km national grid net. For birds counted in larger polygons (ground
counts and total counts from aircraft), the number was divided evenly
among all 1 × 1 km grid cells within each polygon.

and coarser) were omitted. Due to these corrections, the original 7,042
positions were reduced to 6,499 representing an average of 1.3 positions
per respondent.
There was an expected tendency for activities covering longer dis
tances to be recorded at coarser scales than those performed at shorter
ranges. For instance, sailing was on average recorded at zoom level 11
(corresponding to scale 1: 577.790) compared to kayaking which, on
average, was recorded at scale 13 (corresponding to 1:144.4471111 (see
GPS, 2020)). There was also a tendency at larger scales to record fewer
points along lines in anticipation of straight line travel between points,
which was not necessarily correct. The long-distance sailing routes
cannot therefore be expected to have been recorded exactly in accor
dance to the individual grid cells along the entire route.
Due to climate, outdoor activities in Denmark are highly seasonal.
The activities were therefore grouped according to spring (March–May),
summer (June–August), autumn (September–November) and winter
(December–February). All geographical information relating to outdoor
recreation was aggregated into a 1 × 1 km standard grid net by sum
marizing the number of mapped activity sites as a proxy for number of
visits in each grid. Within each grid cell, the number of visits was clas
sified as low activity (1 visit), medium activity (2–8 visits) and high
activity (>8 visits). The classification aimed fitting a distribution with
50%, 40% and 10% of outdoor activities and waterbirds within each
group (see ESM Table S2). Finally, to take account of some habitat ef
fects, all grid cells were grouped into coastal and marine habitats.
Coastal habitat included coastal areas above mean high water level. All
grid cells with more than 50% above coastline was defined as coastal
habitat. Likewise, grid cells with less than 50% of the cells covered by
coast was defined as marine habitat.

2.4. Estimation of grid cell importance for birds
Bird abundance per year for each grid cell was related to national
bird numbers in order to obtain an estimate of whether the cell con
tained (1) low importance, (2) a medium importance, or (3) high
importance of waterbirds. The distribution of grid cells within the three
groups aimed at a distribution of 50%, 40% and 10% (ESM, Table S2).
Some species are more sensitive to human activities and some species
occur in larger proportions in Denmark in relation to the flyway popu
lation than other species (Clausen et al., 2006). The number of these
species was given a higher weighting in the analyses for the autumn and
winter seasons for which we have information on species sensitivity to
human activity (Madsen et al., 1998 see ESM, Table S3)).
2.5. Overlap between grid cells with outdoor recreation and waterbirds

2.3. Waterbird numbers

The overlap between geographical distribution of water-oriented
outdoor recreation and waterbirds was estimated for each season
(spring, summer, autumn and winter) and for the two habitat types
(coast and marine) by estimating the total number of grid cells with both
recreational activity and waterbirds. For visualisation of areas with
overlapping grid cells, a buffer zone of two km was drawn around them
to smooth the outline and make these areas visible on maps. For sta
tistical analyses, only grids cells with birds and/or recreational activity
were included because grid cells not used by either humans or birds were
considered of minor interest in the analyses.
To analyse whether there were interactions between occurrence of
recreation activity and waterbirds, we hypothesized that waterbirds
would avoid grid cells with high human activity in favour of grid cells

Data on the distribution and number of waterbirds were collected as
part of the national biodiversity monitoring programme (NOVANA; Pihl
et al., 2015). For breeding birds (spring season), seven widespread
species were selected from surveys during 2000–2014. Nesting pairs in
breeding colonies were counted to generate distribution and abundance
maps (Bregnballe et al. 2015). Outside the breeding season, abundance
and distribution of 21 waterbird species were mapped, including Mute
swan Cygnus olor, geese, and diving and dabbling ducks. Smaller local
ities such as lakes and fjords were counted from the ground, while larger
localities and marine waters were surveyed by aircraft in summer and
winter (Petersen et al., 2010; see ESM).
Bird surveys from a number of years were used to ensure high
3
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with low levels of activity. To examine the impact of distribution of
human activity (expressed as number of grid cells with low, medium and
high activity) on waterbird abundance (estimated as mean (SE) abun
dance of birds in grid cells with low, medium and high importance of
birds), we tested for presence of relationship with human activity as the
independent variable and bird number as the dependent variable. We
used a generalized mixed model with a multinominal distribution. The
model, corrected for spatial autocorrelation, was assumed to follow an
exponential correlation with distance between grid cells. Correction for
autocorrelation was made because bird numbers in adjacent cells could
not be considered as independent. Likewise, presence of human activity
probably also had an effect on adjacent cells. The model did not fit data
for autumn for the marine area, and no test was made. The estimates
modelled the probability that waterbird abundance would decrease with
increasing recreational activity. A Proc Climmix in SAS 9.4 was used for
the analyses.

3.2. Distribution of water-oriented outdoor recreation

3. Results

3.3. Distribution of waterbirds

3.1. Outdoor recreation

The selected waterbird species were widespread during summer in
the Danish marine waters (Fig. 4). The largest concentrations of wa
terbirds (weighted for sensitivity to humans and proportion of flyway
population) were found off the north-eastern coasts of Jutland and in the
waters between Jutland, Funen and Zealand. During spring, the
breeding season, and autumn waterbirds occurred in large numbers
along the west and north coast of Jutland, southern Funen and eastern
and southern Zealand. During autumn and winter they were abundant in
south-western and north-eastern Jutland, southern Funen, eastern and
southern Zealand and Bornholm (during winter) (ESM, Figs. S5–S7).

Water-oriented outdoor recreation occurred especially during sum
mer (Fig. 3). The activities occurred in most grid cells along the coasts
and in parts of the inner Danish marine waters. Grid cells with the
highest levels of activities were along the west coast and central part of
the eastern coasts of Jutland, along the northern and eastern coasts of
Zealand and in the waters between Jutland, Funen and Zealand,
particularly near large cities and second home areas. On the water, in
formation provided by individual respondents was clearly reflected e.g.
as sailing routes. A detailed impression of the distribution of human
activities is not visual from a national map, and hence we refer to ex
amples of detailed local maps (see ESM, Fig. S1). During spring and
autumn, outdoor activities occurred mostly at or off the east coast of
Jutland and the north coast of Zealand. As expected, the activity was
scattered and little during winter (ESM, Figs. S2–S4).

Over the course of one year, from autumn 2014 to autumn 2015,
77.6% of the Danish adult population participated in one or more wateroriented outdoor recreation activities. Another 10.0% participated only
in land-based outdoor recreation activities, while 12.4% did not
participate in any outdoor recreational activity. The reasons given for
participating in water-oriented recreation were mainly to enjoy the
landscape, followed with decreasing frequency by being able to enjoy
peace and quiet, to exercise, to spend time with family and friends, to
watch wildlife, and to meet new people (Fig. 2).
The most frequent activity, which was to move along or stay at the
coast/shore, was undertaken by 63.9% of respondents (Table 1). Subactivities in this category included walking (59.9%), picnicking
(28.8%), cycling (27.1%), and dog walking (20.4%). The second most
common activity was swimming/bathing, which was enjoyed by 34.4%
of the respondents, while the third most common activity was nature
observation (20.3%), including looking at the landscape, watching birds
and other wildlife or feeding ducks (Table 1). Participation in motorized
water sports activities was generally small, with 3.8% of respondents
reporting using motorboats, 1.6% sailing motorized dinghies, 0.6%
sailing rigid inflatable boats, 0.3% water skiing, 0.2% wakeboarding,
and 0.2% jet skiing. Other activities of potential disturbance to water
birds were 0.4% kitesurfing and 0.4% windsurfing.

3.4. Overlap between water-oriented recreational activities and
waterbirds
Overlap of grid cells with recreational activity and waterbirds was
generally greatest on the coast, ranging from 12.6% in autumn to 27.7%
in summer, and smaller on the water, ranging from 0.7% in autumn to
11.8% in summer (Table 2). Summer was the season with the highest
overlap both on the coast (1,378 km2) and on water (2,578 km2); in
summer 2,034 km2 of coastal grid cells were exclusively used for rec
reational activity and 1,565 km2 were exclusively used by waterbirds.
On the water, the figures were 2,000 km2 exclusively used for recrea
tional activities and 17,262 km2 exclusively used by waterbirds
(Table 2). This implies that a large part of the grids was mostly used
either by waterbirds or for recreational activities.
The geographical distribution of overlap zones at the coast between
water-oriented activities and waterbirds occurred in all seasons scat
tered along most coasts; however, overlap occurred especially during
summer and winter along the south-western and north-eastern coast of
Jutland, around Funen and on the eastern coast of Zealand (Fig. 5). In
addition, during summer overlaps occurred in the marine areas between
Jutland, Funen and Zealand and south of Funen. In spring and autumn,
overlap zones occurred mainly in south-western and north-eastern Jut
land, around Funen and in northern and south-western Zealand.
The results of testing whether waterbirds avoided grid cells with high
levels of recreational activities in favour of cells with low activity,
indicated no significant tendencies for the coast. In the marine areas,
however, waterbirds were significantly less abundant in grid cells with
high level of recreational activity in spring and summer (Table 3, Fig. 6).
4. Discussion
4.1. Recreational activity
Denmark is a coast-oriented country with most of its land area
located less than 50 km from the coast. Outdoor recreation reflects this,
and more than three quarters (77.6%) of the adult Danish population

Fig. 2. Reasons for participating in water-oriented outdoor recreation in the
adult population (18–80 years) in Denmark (n = 5,951). Respondents rated the
importance of each of the six reasons for outdoor activities.
4
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Fig. 3. Distribution of water-oriented outdoor recreation during summer in Denmark, based on 1 × 1 km grid cells. Grid cells were classified according to low,
medium and high levels of outdoor activities. For definitions, see the text. A map showing Denmark and surrounding countries is inserted.

annually visits the coast or sea for recreation. This underlines the major
importance of the coastal area for recreation in Denmark. The coastal
orientation is confirmed by national outdoor recreation studies with
respect to different types of recreational activities and the abundance of
users. These studies show that the coast and the marine areas received,
respectively, about 43 and 15 million visitors annually (Jensen, 2014;
Kaae and Møller-Madsen, 2003). Overall, the importance of coastal and
marine areas for recreation in Denmark aligns with experiences from
other marine nations such as England where approximately 271 million
recreational visits take place along the coast annually (Elliott et al.,
2018).
Our study did not include international tourists of which 24.7 million
were recorded as overnight stays in Denmark in 2015, including many
stays in coastal areas. However, in terms of spatially explicit use of the
coast and marine areas, we do not see the absence of international
tourists as problematic, since national and international coastal tourists
use the same recreational infrastructure (e.g. summerhouses, beaches,
harbours) and share the same travel preferences and motives (Vis
itDenmark, 2019).

breeding species such as Black-headed gull Larus ridibundus and Arctic
tern Sterna paradisaea have decreased in numbers and three species of
terns have either stable or fluctuating numbers, while Common eider
Somateria mollissima has increased (Fredshavn et al., 2019). For 16
waterbird species, the assessment revealed that four species have
decreased in number (Great scaup Aythya marila, Common scoter,
Common eider, Tufted duck Aythya fuligula), ten species showed either
stable or fluctuating numbers, and two species increased in number
(Fredshavn et al., 2019). Recreation activities were assessed as a mod
erate threat for five of the species, among these are Common scoter,
Common eider and Velvet scoter Melanitta fusca, all species occurring
offshore. Several of the species showing decreasing trends according to
Fredshavn et al. (2019) are among those that were given a higher score
compared to other species in this study. By doing that the contribution
from these species increased the relative values of the grid cells they
occurred in (see ESM Table 3).
4.3. Overlap between water-oriented outdoor recreation and waterbirds
Overlap of grid cells with recreational activity and waterbirds was
generally greatest on the coast, and ranged from 12.6% in autumn to
27.7% in summer, and smaller on the water, ranging from 0.7% in
autumn to 11.8% in summer. Summer is the season with most outdoor
activities, and with the greatest overlap both on the coast and the water.
However, the geographical distribution of grid cells with waterbirds and
recreational activities was largely non-overlapping and indicates that
large areas used by waterbirds were not used for recreational activities
and vice versa. There could be several reasons for this. First, some coastal

4.2. Waterbird abundance
Denmark is a vital area for breeding and especially migratory wa
terbirds within Europe. To protect the species, the most important sites
in Denmark have been designated as Special Protection Areas under the
European Union Bird Directive. For some of the species considered in
this study, a recent assessment for the European Community of breeding
and migratory birds in Denmark during 1980–2018 showed that
5
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Fig. 4. Distribution of selected species of waterbirds during summer in Denmark, based on 1 × 1 km grid cells. Grid cells were classified according to low, medium
and high importance for waterbirds. For definitions, see the text.

demonstrated that Common scoters avoid regularly used sailing routes
(Petersen et al., 2017). For some breeding birds it has been documented
that outdoor activity displaces birds from preferred breeding sites to
suboptimal areas (Liley and Southerlands, 2007; Schulz & Stock, 1993;
Yalden, 1992).
Most recreational activities, such as walking and picnicking,
occurred on the coastal shores, while only a minor part of the activities
took place on the water, such as sailing (Table 1). The opposite was the
case for waterbirds which mostly occur on waterbodies except for spring
and partly in summer, where they use the coast for breeding. Although
the overlap for all seasons and habitats was rather small, there were
significant negative correlations between occurrence of recreational
activities and waterbirds in spring and summer on the waterbodies.
These analyses were only based on a simple division of habitat types into
coast and marine areas. More specific information of habitat structure
and habitat quality would have increased the model, but such infor
mation are not available.
Although sailing activity constituted a small proportion of the total
outdoor activities, the results indicate that waterbird species are affected
by sailing during spring and summer. A reason for the different effect of
outdoor recreation on the coast and the water may be connected to the
degree to which people are moving about. At the coast, most activities,
such as staying at the shore, bathing and even going for a walk, involve
only a single grid cell or two. By contrast, activities at sea are connected
to different kinds of sailing or motor boats which involve movement
over longer distances. A single reported activity on the water may
involve several grid cells, as illustrated by sailing routes on the maps
(Figs. 3 and 5), and potentially influences several waterbirds. Thus a

Table 2
Number of grid cells (km2, top) and % (below) with waterbirds exclusively, and
recreational activities exclusively, and grid cells with overlap between water
birds and recreational activities on the coast and the water, are shown for spring,
summer, autumn and winter. Each grid cell represent 1 × 1 km.
Coast, km2

Spring

Summer

Autumn

Winter

Grids with activity, only
Grids with overlap
Grids with waterbirds, only
Marine km2
Grids with activity, only
Grids with overlap
Grids with waterbirds, only

1787
591
1647

2034
1378
1565

2117
460
1071

506
1252
4362

2099
106
708

2000
2578
17262

2147
19
429

123
280
35756

activity, only
overlap
waterbirds, only

44.4
14.7
40.9

40.9
27.7
31.4

58.0
12.6
29.4

8.3
20.5
71.3

activity, only
overlap
waterbirds, only

72.1
3.6
24.3

9.2
11.8
79.0

82.7
0.7
16.5

0.3
0.8
98.9

Coast, %
Grids with
Grids with
Grids with
Marine, %
Grids with
Grids with
Grids with

and marine areas are not suitable for waterbirds because of low food
supply. This is the case on sandy shores and for marine areas with sandy
bottom sediments such are found along the west coast of Jutland. Sec
ond, some of the areas of importance for birds are regularly used by
outdoor activities and the birds may avoid these areas due to risk of
disturbance. Outside the breeding season, a large-scale study has
6
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Fig. 5. Distribution of overlapping zones between water-oriented outdoor recreation and a group of selected waterbirds for (A) spring, (B) summer, (C) autumn and
(D) winter. The overlapping zones are amplified by a 2 km buffer zone for visibility (see the text).

sites in Denmark to protect birds, a negative relationships between
recreational activities on the water and the abundance of breeding birds
was detected. However, grid cells divided by coastline were either given
the habitat status of coast or sea due to the amount (more or less than
50%) of the two habitat types that occurred inside the cell. This implies
that some marine grid cells could contain several hundred meters of
coastal habitat, which may be enough for birds to breed. Thus it is
possible that the finding of a negative effect during the breeding season
on the sea also involved parts of coastal areas. This result reveals that at
most sites, protection on land seems to be adequate but management
action might be needed during spring, the breeding season, for some
coastal sites close to the shoreline.
Most recreational activities occur during summer, which is the sea
son when thousands of waterbirds moult their flight feathers. Over a
period of three to four weeks waterbirds cannot fly. They are therefore
vulnerable until new feathers have developed, and they tend to avoid
areas with sailing activities (Petersen et al., 2017; Dehnhard et al.,
2020). The results indicate that there may be potential conflicts between
distribution of moulting waterbirds and recreational activities (Table 3).
This is supported by the finding that certain parts of the Danish waters
are no longer used by moulting sea ducks (Laursen et al., 1997; Petersen
et al., 2017). Future studies should focus on this question to arrive at
suitable management tools.
In this study, data for waterbirds were collected over a number of
years but not in the year when the distribution of recreational activities
was studied. This should not give rise to serious uncertainties because
waterbirds tend to occur at the same sites year after year both during

Table 3
Result of generalized mixed model analyses with grid cells with human activity
as the independent variable and grid cells with bird number as the dependent
variable. The model was corrected for spatial autocorrelation following an
exponential correlation with distance between grid cells. Data for autumn on the
sea could not be tested. See Methods for further explanation.
Season
Coast
Spring
Summer
Autumn
Winter
Marine
Spring
Summer
Autumn
Winter

F

df

P

Estimate

SE

1.91
3.02
0.87
1.61

1,588
1,1375
1,457
1,1249

0.1673
0.0826
0.3501
0.2043

0.1431
0.1153
0.1251
0.0982

0.1035
0.0664
0.1337
0.0773

6.79
6.98
No test
0.91

1,103
1,2575

0.0105
0.0083

0.9671
0.2846

0.3711
0.1077

1,277

0.3413

0.4846

0.3413

large number of activities on the coast may have a lesser impact on
waterbirds than fewer activities on the sea.
Studies conducted across Europe show negative effects of recrea
tional activities on distribution of birds and their breeding success
(Keller, 1991; Steven et al., 2011; Laursen et al., 2017). Waterbirds
breed on beaches and in dunes, on small islets, reefs and on the main
land. Some of these sites are also popular for recreational activities such
as walking and for operating small boats such as kayaks. Although
wildlife reserves have been established at the most important breeding
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community-based conservation could potentially contribute to reducing
conflicts in specific water areas (Berkes, 2007; Olsson et al., 2004).
There may be conflicting interests in management of recreational
activities and waterbirds. Detailed knowledge of the distribution of
water-oriented outdoor recreation activities and waterbirds is therefore
highly relevant for the ongoing Maritime Spatial Planning process (Eu
ropean Parliament and Council, 2014). In this process, the spatial in
terests of the marine sectors in each country are going to be balanced
and weighted in a comprehensive national Maritime Spatial Plan by
2021 by including all marine activities (e.g. shipping, fishing, wind
farms, sand and oil extraction etc.) using an ecosystem-based approach.
Attention has been paid to managing the multiple use of marine space,
especially in areas where conflicts among users and the environment are
already a reality (Douvere, 2008). This knowledge would also be of
general interest and useful for developing sustainable management of
coastal and marine zones that both attract large numbers of waterbirds
and recreational activities, such as the Baltic Sea, southern parts of the
North Sea including the Wadden Sea, and parts of the Mediterranean
Sea. Thus we recommend that recreation and tourism are included
together with waterbirds in the ongoing Maritime Spatial Planning
(MSP) process.
5. Conclusion and perspectives
We found an overlap ranging from 0.8% in winter on the water to
27.7% during summer on the coast between coastal and marine outdoor
recreational activities and waterbirds. During spring and summer, which
are the breeding and moulting seasons for waterbirds, negative re
lationships were found on the water between recreational activities and
waterbirds. This indicates that there are potential conflicts to be solved.
However, the coarse scale of 1 × 1 km cells used in this study provides
only a general screening. More detailed information is needed to un
derstand spatial and temporal patterns and adaptations at local scales in
order to assess the dynamics of conflicts and coexistence between rec
reational activities and waterbirds. Based on our findings, we recom
mend such future detailed studies to focus on the identified overlap
zones during spring and summer situations.

Fig. 6. Relationships during (A) spring and (B) summer between wateroriented outdoor activity (low, medium, high) and abundance of waterbirds
(low, medium, high, estimated as log mean (SE)). For more information, see
the text.

breeding and in the non-breeding season (Bregnballe et. al 2015;
Laursen et al., 2019). Site fidelity among other aspects reflects the ex
pected resources and the risk of disturbance (Fox & Madsen, 1997;
Petersen et al., 2017; Spiegel et al., 2017), which also implies that sites
with poor feeding opportunities are used to a lesser degree than other
sites.
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4.4. Water-oriented outdoor recreation and management
The use of partly different sites and habitats by waterbirds and rec
reational activities suggests a potential for sustainable ways to increase
human activities. However, this will require wise spatial planning (e.g.
zoning) combined with education and transfer of information about
environmental issues and wildlife friendly behavior to minimize
disturbance. Awareness-raising initiatives can effectively influence at
titudes and increase responsible behavior, e.g. by introduction of codes
of conduct in nature reserves and coastal zones (Andersen et al., 2016;
Barker & Dawson, 2010; Liburd & Becken, 2017).
However, during spring and summer when the overlap in area use is
greatest, conflicts do occur. There are a range of tried and tested man
agement tools to reduce these conflicts, such as temporal and/or spatial
zonation of activities and use of buffer zones (Guay et al., 2016). In the
absence of detailed knowledge of the specific effects of outdoor activities
such as sailing on waterbirds, establishment of refuges and surrounding
buffer zones can been used to protect important core feeding and staging
areas for birds (Fox & Madsen, 1997). As an alternative to prohibiting
public access to sites, softer regulations such as site management, use of
informative signs, awareness-raising and visitor education can be
applied as indirect tactics (Anderson et al., 1998). Furthermore, coop
eration initiatives such as adaptive co-management and
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