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a b s t r a c t

Anthropogenic impacts on coastal areas have led to an increased degradation of marine environments
globally. Eelgrass ecosystems are particularly susceptible to human induced stressors as they are sen-
sitive to low light conditions and usually grow in shallow protected areas where pressure from coastal
development is high. The extensive decline in coverage of eelgrass along the Swedish Northwest coast
since the 1980s has largely been attributed to the effects of coastal eutrophication and overfishing.
However, the impact on eelgrass from small-scale coastal development (docks and marinas) has never
been investigated in this area. The aim of this study was to assess the local and large-scale effect of
shading by docks and marinas on eelgrass habitats along the Swedish NW coast and to investigate the
decision process behind small-scale exploitation to identify problems with the current legislation, which
allows for continued exploitation of eelgrass. Through field assessments of eelgrass around docks and
analysis of available data on eelgrass and dock distribution along the coast, the present study demon-
strates that shading from docks reduced eelgrass coverage with on average 42e64% under and adjacent
to the docks, and that floating docks affected larger areas and caused a much stronger reduction in
eelgrass coverage (up to 100% loss) compared to docks elevated on poles (up to 70% reduction in
coverage). The total eelgrass area negatively affected by docks and marinas along the NW coast was
estimated to approximately 480 ha, an area corresponding to over 7% of the present areal coverage of
eelgrass in the region. The analysis of decisions for dock construction showed that eelgrass was generally
not assessed or considered in the decision process and that 69e88% of the applications were approved
also in areas where eelgrass was present. Furthermore, marine protected areas only marginally reduced
the approval of applications in eelgrass habitats. The continued small-scale development along the
Swedish NW coast constitutes a significant threat to the already decimated coverage of eelgrass along the
coast and changes in the management practices are needed in order to achieve both national and in-
ternational goals on environmental status.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Marine coastal ecosystems have suffered extensive damage
globally due to anthropogenic impacts (Lotze et al., 2006; Halpern
et al., 2008). Some of the key factors behind this deterioration are
overexploitation of marine resources, increased discharge of nu-
trients and sediment to coastal waters, and coastal development
(Lotze et al., 2006). These factors can all be related to the increasing
human population, of which a majority work within or inhabit
).
coastal areas (Vitousek et al., 1997).
Seagrasses constitute one important coastal ecosystem that has

suffered extensive degradation and loss globally (Green and Short,
2003; Lotze et al., 2006;Waycott et al., 2009). Human development
activities within coastal areas together with negative effects on
water quality from nutrient and sediment pollution are considered
two of the major reasons for the global decline (Short and Wyllie-
Escheverria, 1996; Orth et al., 2006). Coastal development struc-
tures such as docks and marinas can have a significant impact on
seagrass ecosystems. Building of these structures is often associated
with dredging activities that involve a direct loss of habitat
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(Erftemeijer and Lewis, 2006) and can further lead to reducedwater
quality due to turbidity and an increased likelihood of sediment
resuspension (Onuf, 1994; Schoellhamer, 1996; Erftemeijer and
Lewis, 2006). The light requirement of seagrasses is high (on
average around 11% of the surface irradiance; Duarte, 1991) and
docks and other structures built over the marine bottoms consti-
tute a permanent shading of the sediment surface underneath,
which can have negative effects on seagrass coverage (Shafer, 1999;
Burdick and Short, 1999; Beal and Schmit, 2000).

Eelgrass (Zostera marina L.) is the dominating species of sea-
grass in the northern hemisphere (den Hartog, 1970) and a
foundation species within shallow coastal areas, where it pro-
vides many important functions and services valuable to humans,
such as increased fish production and uptake of carbon and ni-
trogen (McGlathery et al., 2012; Lilley and Unsworth, 2014; Cole
and Moksnes, 2016; R€ohr et al., 2016; Duarte and Krause-
Jensen, 2017). Large losses of eelgrass have occurred in many
areas of Northern Europe (Waddens Sea; Giesen et al., 1990;
Denmark; Frederiksen et al., 2004, Poland; Kruk-Dowgiallo, 1991;
Germany; Munkes, 2005; Sweden; Baden et al., 2003). In
response to these losses, regional marine conventions such as
HELCOM and OSPAR have included references to eelgrass pro-
tection specifically and coastal environments in general (OSPAR,
2012; HELCOM, 2010). Furthermore, several directives commis-
sioned by the European Union (EU), which aim at achieving good
environmental status of the marine environment, directly or
indirectly aid in the protection of eelgrass. In the Water Frame-
work Directive (WFD; 2000/60/EC), the abundance of angio-
sperms or marine flowering plants (e.g. eelgrass) is one of the
determinants for ecological status of coastal and transitional
waters and in the Marine Strategy Framework Directive (MSFD;
2008/56/EC) eelgrass is mentioned as an important environ-
mental indicator. Furthermore, the protection of eelgrass is also in
line with the EU Biodiversity Strategy (European Commission,
2011) and the Habitats Directive (92/43/EEC), with the latter be-
ing responsible for the establishment of the Natura 2000 network
of areas protected against detrimental exploitation.

Along the Swedish northwest coast, extensive losses of the
eelgrass have occurred since the 1980s (>60%; Baden et al., 2003;
Nyqvist et al., 2009; Moksnes et al., 2016), which has led to an
estimated loss of ecosystem services worth >350 million US$
(based on three ecosystem functions; fish habitat, carbon and ni-
trogen uptake; Cole and Moksnes, 2016). These losses have largely
been attributed to the effects of coastal eutrophication and overf-
ishing (Moksnes et al., 2008; Baden et al., 2010, 2012). However, the
impact on eelgrass from small-scale coastal development, such as
docks and marinas, has received little attention and the effects of
docks on eelgrass coverage have never been investigated along the
NW coast of Sweden. Considering that eelgrass in this area mainly
grows in sheltered bays, commonly targeted by this type of
exploitation, the number of meadows impacted might be sub-
stantial. And, although small docks and marinas exert a more
locally restricted pressure compared with the effects of eutrophi-
cation and overfishing, the sheer number in itself might add up to a
significant cumulative impact when a larger proportion of the
coastline is considered. Studies on the effect of dock structures on
eelgrass are globally rare (Fresh et al., 2006), however, previous
studies from USA have demonstrated that shading by docks can
lead to complete loss of eelgrass or reduced shoot density of
meadows under and adjacent to docks (Fresh et al., 1995, 2006;
Burdick and Short, 1999). The assessment of eelgrass coverage
around docks could have important implications for management,
with regards to minimizing local dock impact and improving the
current decision process for approval of dock construction.

In Sweden, marine coastal habitats located less than 100 from the
shoreline are protected against exploitation (Swedish Environmental
Code (SEC); chapter 7, Section 13e18). Most types of construction in
thewater need to begranted anexemption from this shore protection
and construction plans needs to be notified to the authorities.
Approximately 50% of the present eelgrass distribution along the NW
coast of Sweden is further protected against exploitation as they are
located within protected areas (i.e. national parks, nature reserves
andNatura2000areas;Moksnes et al., 2016),where exemptions from
the shore protection should normally not be granted (SEPA, 2012).
Furthermore, national environmental goals decided by the parlia-
ment, such as the goal of ‘A balanced Marine Environment, Flourishing
Coastal Areas and Archipelagos’, aims at maintaining ecosystem ser-
vices and high biodiversity within shallow coastal environments and
promotes restoration of degraded habitats (Anonymous, 2012).
However, despite thepresenceofnational and international goals, the
coastline along Sweden has slowly been exploited by an increasing
number of coastal constructions (e.g. road banks, housings, docks and
marinas). An inventorymade in2008 foundaround7000 recreational
docks and 600 larger marinas on the Swedish west coast alone, and
those numbers have since then been increasing (Pettersson, 2011).
The fact that exploitation and damage of eelgrass habitats is allowed
to continue, also in areas which have experienced large and ongoing
losses, such as the southern parts of the Swedish Northwest coast
(Baden et al., 2003; Nyqvist et al., 2009; Moksnes et al., 2016), in-
dicates that the present Swedish legislation is insufficient in pro-
tecting eelgrass. This situation is not in line with the demands posed
by the EU WFD and MSFD to achieve and maintain good ecological
status. Neither is it compatible with Swedish obligations under the
above-mentioned OSPAR- and HELCOM-conventions.

In order to improve management of eelgrass along the Swedish
Northwest coast, an interdisciplinary approach was applied,
investigating ecological impacts and legal challenges relating to
small-scale exploitation. The aim of this study was to assess the
local and large-scale effect of shading by docks and marinas on
eelgrass habitats along the Swedish NW coast. Furthermore, the
legal process behind this physical exploitation was investigated to
identify problems with the current legislation, which allows for
continued exploitation, with the specific aim of determining how
the presence of eelgrass and areal protection of the coast affect the
approval of dock construction.

2. Materials and methods

2.1. Study area and geographic data

The study was carried out in the county of V€astra G€otaland,
Sweden (from here on denoted as the NW coast of Sweden; Fig.1A).
This county stretches from the northern to the central parts of the
Swedish west coast, and consists of 12 coastal municipalities.
Within 5 of these municipalities (Str€omstad, Lysekil, Uddevalla,
Stenungsund and Kung€alv; Fig. 1B) inventories of eelgrass have
been performed through field surveys in the 1980s, 2000, 2003 and
2004 (Baden et al., 2003; Nyqvist et al., 2009) and through satellite
image analysis in 2008, 2013 and 2014 (Lawett et al., 2013; Envall
and Lawett, 2016) which also covered the remaining parts of the
NW coast. The data on eelgrass distribution recorded from these
studies were available as GIS polygons, which were used in the
present study to determine the overlap between small-scale
exploitation and historical and present eelgrass habitat. The dis-
tribution of docks and marinas along the Swedish west coast was
available from mapping and analysis of physical structures along
the coast, performed by the Swedish Environmental Protection
Agency (SEPA, 2010). Tides in this area are semidiurnal with a small
amplitude, normally <0.3 m (Queiroga et al., 2002) and have little
influence on the light environment for eelgrass.



Fig. 1. The study area showing A) the Northwest coast of Sweden and the county of V€astra G€otaland inside the box B) a detailed map of the 5 municipalities in which extensive
eelgrass monitoring have been performed (Baden et al., 2003; Nyqvist et al., 2009) and the 14 docks examined in the field assessment, indicated by dots.

Table 1
Characteristics of the 14 docks and 4marinas with associated eelgrass examined in mid-June of 2014. For marinas, the mean length of docks and the number of docks are given
under length (length/no. of docks).

Municipality Site Floating/Elevated
(Fl/E)

Light
measure-
ments

Length (m) Length over
eelgrass (m)

Width
(m)

Thickness
(cm)

Height over
water surface
(cm)

Height over
eelgrass bottom
(cm)

Boat
moorings (no.)

Mean eelgrass
coverage below
dock (%)

Docks
Str€omstad 1 E 11.0 9.4 1.6 4 165 229 2 5.3
Str€omstad 2 Fl YES 22.0 17.0 2.4 40 0 120 13 0.0
Str€omstad 3 Fl YES 20.4 9.4 3.0 21 18 118 2 0.0
Str€omstad 4 Fl YES 43.0 30.0 2.4 20 10 83 24 0.0
Lysekil 5 E 6.5 1.5 1.2 3 130 167 1 100.0
Lysekil 6 E 74.0 50.0 1.8 66 95 168 9 51.7
Lysekil 7 E 54.5 44.5 2.5 20 120 254 0 43.3
Lysekil 8 E YES 54.0 25.0 1.9 30 50 203 0 33.3
Lysekil 9 E YES 33.0 30.0 1.8 57 57 254 20 5.0
Uddevalla 10 Fl YES 161.9 161.9 2.0 22 5 242 82 0.0
Uddevalla 11 E 8.8 5.0 0.8 5 90 147 1 26.3
Uddevalla 12 E YES 55.0 26.0 2.8 30 80 200 5 0.0
Uddevalla 13 E YES 32.0 26.0 2.1 71 55 217 20 22.8
Stenungsund 14 E 22.9 15.0 1.7 4 157 290 0 0.0
Marinas
Str€omstad A Fl 63.5/11 2.5 311 0.0
Lysekil B Fl 39.5/7 2.6 51 0.0
Uddevalla C Fl 68.7/7 2.5 262 0.0
Stenungsund D Fl 64.7/7 3.1 244 0.0
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2.2. Local effects of docks

In order to determine the local effects of shading on eelgrass
coverage, field sampling was carried out during mid-June of 2014,
around 14 docks and 4 marinas. The docks and marinas sampled in
this study were randomly chosen within the 5 municipalities
amongst those overlapping with the eelgrass distribution in the
2003 and 2004 survey (Nyqvist et al., 2009). However, no



Fig. 2. General sampling design applied to each dock. Eelgrass was sampled at 5 distances from the dock (Under, Edge, 2, 4 and 6 m from the dock edge) along 6 transects (1A, 1B,
2A, 2B, 3A, 3B) perpendicular to the dock and light (PAR) measurements were collected at two depths (just below the surface and at 2 m depth) at 4 distances from the dock (Under,
Edge, 1 and 2 m from the dock edge).
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overlapping docks or marinas could be found within the most
southern municipality of Kung€alv (Fig. 1B; Table 1), where large
losses of eelgrass have occurred since the 1980s (Baden et al., 2003).

Marinas were in this study defined as a collection of docks
covering a total area (including space in between docks) of
>2500 m2 (Pettersson, 2011). The month of June was chosen as the
sampling period since eelgrass in this area has a high biomass and
shoot density in June (Baden and Pihl, 1984; Eriander et al., 2016),
but the boating activity around docks is still low enough to allow
safe sampling by snorkelling. At each dock, a number of physical
characteristics of the dock was measured and recorded (Table 1)
and six transects were established perpendicular to docks. Along
each transect the percent coverage of eelgrass was visually esti-
mated inside 0.25 m2 quadrates placed at 5 fixed distances along
each transect line: under the dock, edge of dock, 2, 4 and 6 m from
the dock edge (Fig. 2). The distance from the dock to where 100%
coverage was reached was noted. However, in some sites, the
characteristics of the bay in which the dock was located did not
allow for eelgrass to reach 100% coverage perpendicular to the
dock. In those cases, the percent coverage around docks was related
to the density present at the farthest measurement point from the
dock. The mean percent coverage at each sampling distance was
calculated for each dock (from the 6 transects). Two dock designs
were identified during field visits; floating docks and dock elevated
on poles (Table 1), which were analysed separately since previous
studies have observed large differences between floating and
elevated docks with regards to their effect on eelgrass coverage
(Burdick and Short, 1999).

Since shading created by docks was believed to be the major
factor affecting eelgrass coverage, light measurements were
collected with a PAR-meter (Apogee MQ-200) around 8 of the
visited docks at 4 distances from the dock: under the dock, edge of
the dock, 1 and 2 m from the edge of the dock (Fig. 2; Table 1). At
each distance the photosynthetically active radiation (PAR; mmol
photons m�1 s�1) was measured just below the surface and at 2 m
depth. Measurements were performed during constant weather
conditions and the percentage of surface light reaching 2 m depth
was calculated at each distance. Light was sampled mid-day over
the course of two days, to obtain a representative and comparable
sample from each dock. The light attenuation coefficient (Kd; m�1)
in the water was calculated for each dock based on the light data
collected at 2 m from the dock (to make sure the light sensor was
not covered by any dock structures), using the Beer-Lambert
equation (e.g. Dennison et al., 1993).

At each marina, descriptive measurements of dock design,
number of boat spots and eelgrass coverage was collected. Because
of heavy boat traffic no transectswere performedwithinmarinas, as
a safety precaution. However, the eelgrass coverage underneath and
at the dock edge was determined visually using aqua-scope. When
water clarity allowed, the coverage of eelgrass between docks was
determined from the surface. In the present study, marinas were
treated as a collection of docks, and only the effects of shading from
the docks and moored boats were assessed in this study.

Statistical analyses were performed using SPSS 23.0 statistical
software. Homogeneity of variance was tested using Levene's test.
The percent of surface light and mean percent eelgrass coverage
from the 6 transects were analysed as the dependent variables in
two-way analyses of variance (ANOVAs) with dock design (floating
and elevated on poles) and sampling distance from dock (under,
edge,1 and2m fromedge for light andunder, edge, 2, 4 and6mfrom
edge for eelgrass coverage) as fixed independent variables. Where
appropriate, post-hoc tests were performed using the Tukey's HSD
procedure. In order to determine how light affected coverage of
eelgrass, a simple linear regression analysiswas performed between
percentage of surface light at 2 m depth and percent coverage of
eelgrass at the overlapping sampling distances from the dock.

According to earlier studies in other regions, deck height above
the marine bottom and deck height above the water surface have
been shown to affect light and seagrass coverage under docks
(Burdick and Short, 1999; Shafer and Robinson, 2001; Garrison
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et al., 2005). Furthermore, within the decisions regarding dock
construction issued by the County Administrative Board in Sweden
(see below), requirements to decrease the thickness of elevated
docks were found, in order to reduce the negative impacts from
shading. Therefore, the effect of height above the bottom, height
above the water surface, water depth and deck thickness were
assessed using simple linear regression analyses for each dock-
characteristic separately against the coverage of eelgrass under-
neath the dock. Since depth differed between transects the eelgrass
coverage under the dock from each transect was used as the
dependent variable for these analyses. Transects where no coverage
of eelgrass was observed 6 m from the dock edge were removed
from the analysis, since zero coverage underneath the dock could
be due to other effects than shading.

2.3. Dock characteristics

All docks in the area investigated consisted of permanent con-
structions used for boat keeping or seasonal leisure activities (e.g.
bathing and fishing). The floating docks consisted of wooden plat-
forms with a mean board space of 1.0 cm, supported by pontoons or
concrete floats that were fixed to the shoreline and the bottom
substrate through mooring chains and vertical metal poles. The
elevated docks consisted of wooden platforms with a mean board
space of 1.2 cm, supported by poles embedded in the bottom sub-
strate. Of the 14 docks sampled in this study, 71% consisted of docks
elevated onwooden poles and 29% were floating docks. The floating
docks had on average > 5 times asmany boatmoorings around them
compared with elevated docks (Table 1), and boat moorings were
often separated by metal booms resting on small pontoons. The
mean length and width of docks assessed in the study were 43 and
2m respectively. The proportion of the dock standing above eelgrass
was on average 67%, but varied between docks (23e100%; Table 1).
The average height of docks was 1.9 m above the bottom and the
average height above the water surface was 1 m and 0.08 m for
elevated and floating docks, respectively (Table 1).

All marinas visited in this study consisted of groups of floating
docks (on average 8 docks per marina), where the majority of docks
were arranged perpendicular to the shoreline. The length of each
dock-segment was on average 59 m, and the width 2.7 m (Table 1).
The docks within marinas were primarily used for boating activ-
ities, with an average of 217 moorings per marina (Table 1).

2.4. Large-scale effects of docks and marinas

The shading impact of dock on eelgrass found in the field study
was extrapolated to assess the large-scale impact of docks along the
whole NW coast of Sweden. This was done by using data on size
and distribution of docks in relation to eelgrass and soft sediment
bottoms in the study area. The impact from the average sized dock
on eelgrass was calculated separately for floating and elevated
docks based on their effects on eelgrass coverage obtained in the
field study. For floating docks, which never displayed any eelgrass
growth underneath the dock structure, the average eelgrass area
lost (m2) per dock was calculated. The average area negatively
affected by a dock (m2) was based on the mean distance from the
dock where 100% shoot coverage was found in the field assessment
for floating and elevated docks. For each dock design, the average
reduction of eelgrass coverage within the affected area was also
estimated, based on the eelgrass coverage at different distances
from the docks found in the field study.

To get a better estimate of the average size of docks and marinas
along the Swedish NW coast, length and width of an additional 52,
randomly selected docks and 10 marinas were measured from
geometrically corrected aerial images (orthophotos; Lantm€ateriet/
Metria 2014)within the5 studiedmunicipalities (Fig.1B). Theaverage
surface area of a dock standing over eelgrass in the study area was
estimated using the average proportion of the dock length standing
over eelgrass from the field study (Table 1). The same estimate was
used for marinas, where the length of docks located perpendicular to
the shore was adjusted according to the average proportion standing
over eelgrass before the average surface area of a marina was calcu-
lated. Based on the results from the 5 marinas visited in the field,
which all consisted of floating structures, the impact from marinas,
were treated as equivalent to the impact observed for floating docks.

The total, large-scale impact from docks andmarinas on the NW
coast of Swedenwas calculated according to two different scenarios
(1)maximum total impact on soft sediment areas, and (2) total impact
on areas with historical or present eelgrass distribution. Since
eelgrass could potentially grow on all soft sediment bottoms at the
depth included in the calculation (0e10 m depth), the former
scenario represents an estimate of the maximum impact from
docks on eelgrass. The second scenario is based on the overlap
between docks and where eelgrass has been found since the 1980s,
and represents a more conservative estimate.

To estimate the number of docks and marinas standing on soft
sediment in the study region, GIS-analyses were carried out, using
the distribution of docks and marinas and marine geological maps
of the region, with aerial photographs to adjust the prediction of
the geological maps. To estimate the number of docks and marinas
that overlap with the present and historic distribution of eelgrass
beds GIS-analyses using data on the distribution of docks and
marinas and eelgrass from all the historic surveys in the 5 study
areas/municipalities (1980e2014; Fig. 1B) were carried out. Since
each dock was only marked by one position in the GIS-material, a
50 m buffer zone was given to each dock when estimating the
number of docks overlapping with eelgrass. Making the assump-
tion that these 5 study areas are representative for the whole study
region, the proportional overlap between docks/marinas and soft
sediment and docks/marinas and eelgrass were subsequently used
to estimate the total number of docks/marinas that overlap with
soft sediment and eelgrass along the whole NW coast of Sweden.
These estimates of the total number of docks and marinas located
on soft sediment or on eelgrass habitats were then separated into
estimated number of floating and elevated docks, according to the
proportion observed in the field assessment of docks. These
numbers were subsequently multiplied with the calculated mean
area of impact for floating and elevated docks respectively. For
floating docks and marinas, the total area of lost eelgrass was also
calculated.

2.5. Legal requirements and decisions for dock construction

In order to examine the legal protection of eelgrass from coastal
exploitation in Sweden and to assess the outcome of this legisla-
tion, a legal study of decisions on dock constructionwas carried out
along the NW coast of Sweden. In Swedish environmental law
research, an established methodology is to analyse the relationship
between environmental objectives, legal requirements and
enforcement (Gipperth, 1999; Westerlund, 2003). The present
study focuses on the outcome of primary decisions in order to ac-
quire an understanding of how the enforcement part of the legis-
lation is applied. This provides an opportunity to examine not only
the legal protection of marine environments in theory but also the
result in safeguarding eelgrass, when applying this legislation.

2.5.1. Background to relevant legislation and procedures
Dock building is restricted under Swedish legislation in two

ways; by the shore protection and the regulation of water opera-
tions. The purpose of the shore protection is to secure access to the
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water for the general public and to preserve the living conditions
for plants and animals on and around the shoreline. Along parts of
the coastline the shore protection is abrogated, normally because of
development that was already present before the shore protection
was introduced in the 1950's, or because of municipal planning
decisions. In areas with shore protection, exemptions can be
granted either by the municipality or the County Administrative
Board (SEC; chapter 7, section 13e18) if the proposed project does
not negatively affect the purpose of the protection. According to the
Swedish Environmental Protection Agency's (SEPA) handbook for
shore protection, the application for a shoreline exemption should
always include an assessment of the consequences of a project, e.g.
impact on eelgrass or other valuable habitats (SEPA, 2012). For
shore protection in protected areas, such as nature reserves or
Natura 2000 areas, the SEPA handbook states that exemptions
should generally not be granted, unless it is obvious that the pur-
pose of the shore protection is not harmed (SEPA, 2012).

For minor water operations (e.g. docks <3000 m2) it is sufficient
to notify the County Administrative Board before starting the
construction (SEC; chapter 11, section 9b, Ordinance on water op-
erations; section 19). For water operations to be allowed, the ben-
efits of public and private interests should be greater than the cost
of damage associated with the water operation (SEC; chapter 11,
section 6). Notifications of water operations are examined by the
County Administrative Board and should contain information
regarding the construction; including drawings, maps and tech-
nical descriptions, needed to assess the consequences of the project
(Ordinance on water operations; section 20). In order to retrieve
this information from the applicant the County Administrative
Board uses a standard document, which requires information on
dock design and size, potential negative impacts on the environ-
ment and actions taken tominimize these impacts. After examining
the information given, the County Administrative Board can decide
to either prohibit the construction of the dock or allow it to pro-
ceed, with or without specific conditions.

2.5.2. The study of applications and decisions for dock construction
In order to investigate if the presence of eelgrass was taken into

account in the decision process and whether the presence of
eelgrass or protected areas affected the decisions, a study of ap-
plications and decisions of exemption from shore protection and
notification of water operations was performed. All decisions be-
tween 2011 and 2015 from 8 municipalities along the NW coast of
Swedenwere identified by searching for the Swedish word for dock
(‘brygga’) in the digital records of the County Administrative Board.
The cases included in this study are only those received by the
County Administrative Board, hence cases where themunicipalities
have rejected the applications of exemption from the shore pro-
tection are not included. Statistics on how many applications are
rejected at the municipality level is generally lacking, but according
to a report from SWECO (2013), less than 25% of applications
received by municipalities in 2012 were rejected. The municipal-
ities in question were chosen to cover the same geographical area
as where the impact of docks was studied. In each case the type of
construction (new dock, modification of dock or reparation of
dock), dock design (floating or elevated on poles), size of the dock
and the mentioning of eelgrass was noted. If the case was rejected,
the explicit cause for rejection was sought in the decision.
Furthermore, the distribution of eelgrass from recent satellite in-
ventories (2008e2014; Lawett et al., 2013; Envall and Lawett, 2016)
was layered with the position of the docks (including a 50 m buffer
zone) in the applications. Also, the location within any type of
protected area (i.e. national parks, nature reserves and Natura 2000
area) was noted for each case, by overlapping the position of the
dock with GIS-maps of different protected areas. The proportion of
approved and rejected exemptions and notifications inside and
outside of protected areas was then compared with information
regarding eelgrass presence and the type of dock construction.

An in-depth analysis was performed on the complete records
preceding the decision of 10 approved and 9 rejected cases for
construction of new docks in areas were eelgrass was present ac-
cording to the satellite data. These cases were studied in order to
gain a better understanding of the material required by the County
Administrative Board before making decisions of approval or
rejection, and to further investigate if bottom characteristics or
eelgrass was assessed.
3. Results

3.1. Local effects of docks

Analyses of light and eelgrass coverage around docks suggested
large effects from shading. Eelgrass coverage increased significantly
with distance from the dock for both type of dock designs, and was
significantly higher around elevated compared to floating docks at
all distances (Table 2; Fig. 3A). Eelgrass coverage underneath
floating docks was always zero. At elevated docks, the mean
coverage under the dock varied substantially, between 0 and 100%,
with an average coverage of 29%. At 6 m from the edge of the dock,
the mean eelgrass coverage was 57 and 82% for floating and
elevated docks respectively (Fig. 3A). The average distance from the
dock edge where 100% eelgrass coverage was reached was 7.3 and
5.7 m for floating and elevated docks, respectively. Elevated docks
showed a more gradual increase in eelgrass coverage with distance
from the dock, whereas floating docks showed a more distinct
border between low coverage and 100% coverage at between 7 and
8 m from the edge of the dock. Marinas, which all consisted of
floating docks, displayed a similar effect on eelgrass coverage as
single floating docks. All marinas had 0% coverage of eelgrass under
and at the edge of the dock, and reached 100% coverage (as esti-
mated from visual inspection from the surface) at between 5 and
10 m from the dock edge, with an average distance of 7.5 m.

Light levels around and under the docks displayed a similar
pattern as did eelgrass coverage, where light levels increased
significantly with the distance from the dock for both type of dock
designs, and with significantly lower light levels around floating
compared to elevated docks at all distances (Table 2; Fig. 3B). Light
levels at 2 m depth underneath floating docks was only 3.7% of the
surface light on average, and increased to 13% at the edge and 21%
2 m from the dock. For elevated docks, the light levels increased
from on average 13% of surface light under the dock to 36% at 2 m
from the dock edge (Fig. 3B). The lower light conditions for floating
docks, 2 m away from the dock was surprising and indicate on
average poorer light conditions around floating compared to
elevated docks (average light attenuation coefficient, Kd, at 2 m
distance from the docks were 1.0 and 0.55 m-1 for floating and
elevated docks, respectively). That the negative effect on eelgrass
around docks was mainly due to shading was supported in the
regression analysis which showed a significant positive relation-
ship between light and eelgrass coverage around docks (Table 3;
Fig. 4).

The dock characteristic that showed the strongest correlation
with coverage of eelgrass underneath docks was height above the
water surface, which was positively correlated with eelgrass
coverage (Table 3; Fig. 5A). Furthermore, water depth showed a
significant negative correlation with eelgrass coverage (Table 3;
Fig. 5B). However, neither dock height above the sediment surface,
or the dock thickness showed a significant correlationwith eelgrass
coverage under docks (Table 3).



Table 2
Two-way ANOVA tables of mean % eelgrass coverage and mean % of surface light at
2 m depth, testing for difference between dock design (floating and elevated), the
sampling distance relative to the dock (Under, Edge, 2, 4 and 6 m from dock edge for
eelgrass coverage and Under, Edge, 1 and 2 m from dock edge for light) and the
interaction between them.

Source df MS F P

% Eelgrass
coverage

Dock type 1 10,775.4 12.40 0.001*
Sampling distance 4 5230.4 6.017 0.000*
Dock type x Sampling
distance

4 164.4 0.189 0.943

Error 58 869.3
% Surface light Dock type 1 1259.0 10.41 0.004*

Sampling distance 3 684.1 5.654 0.004*
Dock type x Sampling
distance

3 40.4 0.334 0.801

Error 24 120.0

Table 3
Results from simple linear regression analyses between percentage of surface light
at 2 m depth and the coverage of eelgrass (%) and between four dock characteristics
(height above water surface, height above sediment surface, water depth and dock
thickness) and eelgrass coverage (%) underneath the dock.

Dependent variable Independent variable F1,22 P R2

% eelgrass coverage % surface light at 2 m depth 17.3 0.0004* 0.44

Dependent variable Independent variable F1,53 P R2

% eelgrass coverage
under dock

Dock height above water
surface (cm)

19.8 <0.0001* 0.27

Dock height above
sediment surface (cm)

0.238 0.6279 0.0045

Water depth (cm) 9.53 0.0032* 0.15
Dock thickness (cm) 0.286 0.5954 0.0054

Fig. 4. Eelgrass coverage (%) plotted against percentage of surface light reaching 2 m
depth.
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3.2. Large-scale effects of docks and marinas

The average length and width of docks along the NW coast of
Sweden, as measured from aerial images and field sampling was 34
and 3.4 m, respectively, or 116 m2 surface area, of which 78 m2 was
standing over eelgrass bottom on average. The average total length
and width of all docks within marinas was 489 and 3.2 m,
respectively, covering 1594 m2 of bottom, and 1122 m2 of eelgrass,
on average.

The estimated area of eelgrass negatively affected around
floating and elevated docks was on average 522 m2 and 447 m2,
respectively. The reduction in eelgrass coverage within these areas
was 64 and 42%, respectively. The area negatively affected around
the averagemarinawas 6165 m2. The area of complete eelgrass loss
under floating docks was on average 78 m2 per dock and 1122 m2

per marina.
The proportion of docks standing over soft sediment bottoms

was on average 96% in the 5 regions assessed. Out of those, 74%
were standing over bottoms where eelgrass was present at some
point between 1980 and 2014 (Supplementary Table 1). The same
percentage of overlap with soft-bottom was used for marinas, and
91% of marinas were standing over historical or present eelgrass
bottoms (Supplementary Table 1). Assuming that these 5 regions
are representative for the entire coastline of NW Sweden, the total
number of docks located over soft sediment bottoms was 6210, and
the number of those located over historical or present eelgrass
bottoms was 4621 (Supplementary Table 1). The total number of
marinas located over soft sediment was 468, and the number of
those located over historical or present eelgrass bottoms was 428
(Supplementary Table 1).
Fig. 3. A) mean % eelgrass coverage (±SE) at the different distances relative to the dock (Und
at the different distances relative to the dock (Under, Edge, 1 and 2 m from dock edge) f
significant differences in coverage or light levels between the different sampling distances
Based on 71% of docks being elevated and 29% being floating and
on all marinas consisting of floating docks, the total area of soft
sediment negatively affected by small-scale coastal exploitation
along the NW coast of Sweden was 579 ha, and the total area of
historical and present eelgrass area affected was 480 ha, with a
mean potential reduction in eelgrass coverage between 42 and 64%
(Supplementary Table 2). The total loss of potential eelgrass under
floating docks were 14 and 10 ha for soft sediment and historical
eelgrass sediments, respectively, and the total loss of eelgrass by
marinas was 53 and 48 ha for soft sediment and historical eelgrass
sediments, respectively (Supplementary Table 2).
er, Edge, 2, 4 and 6 m from dock edge) and B) mean % of surface light at 2 m depth (±SE)
or the two dock designs (floating and elevated). Different letters above bars indicate
(Tukeys HSD P < 0.05).



Fig. 5. Eelgrass coverage (%) underneath the docks, plotted against A) the dock height above the water surface and B) the water depth.
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3.3. Eelgrass assessment and consideration within decisions for
dock construction

Atotal numberof142uniquecaseswere identified fromthedigital
records of the County Administrative Board from the 8municipalities
between the year 2011e2015, which fulfilled the criteria (final deci-
sion present, information on dock design and type of construction
present) necessary for the analysis. In 69 of the cases, decisions
involved both applications for the exemption from the shore pro-
tection and notification water operations. In 67 cases, only notifica-
tion of water operations was involved. In these cases, the shore
protection was either abrogated, or exemptions were not deemed
necessary due to the small impact of the proposed dock. In 6 cases
decisions involved only exemptions from the shore protection,which
all consisted of docks being built unlawfully and where exemption
was applied for after the construction was established. The results
beloware based on all cases, if not otherwise stated and ‘applications’
hereafter denotes both application and notifications.

Overall, 75% of the cases were approved (heremeaning that they
got an exemption from the shore protection and/or the notification
of water operations allowed the construction to proceed). A ma-
jority of the approved cases consisted of modifications of existing
docks (57%), while 26% considered new docks. When comparing
cases where both an exemption and a notificationwas needed with
those were only a notification was needed, the proportion of
approved cases were 59% and 94%, respectively.

Out of the total number of 54 applications for building new
docks, 65% considered floating docks and 35% elevated docks
(Fig. 6). Although a higher proportion of elevated docks were
Fig. 6. Descriptive presentation of all decisions regarding construction of new docks,
showing the percentage of applications concerning floating and elevated docks in the
top pie and the percent approved and rejected applications for each type of dock in the
lower pies.
approved for new construction in comparison to floating docks
(Fig. 6), a greater total number of floating docks were approved and
out of the 28 approved cases for building new docks, 17 consisted of
floating docks. Furthermore, amongst the 69 applications tomodify
existing docks, 16 concerned the replacement of an elevated dock
with a floating dock. These applications were approved in all but
one case. The most common reason for rejection of dock applica-
tions was referral to the general shore protection law (56%) and in a
smaller percentage of cases the rejection was based on chapter 11,
section 6 in the SEC (11%), which states that the benefits of public
and private interests should be greater than the cost of environ-
mental damage associated with the water operation. In the
remaining cases, the reason for rejection was not specified.

Out of all cases analysed, 49% were located inside some type of
areal protection (i.e. Nature reserve, national park or Natura 2000
area; Fig. 7). The overall approval rate of cases inside and outside of
protected areas was 59% and 90%, respectively. A majority (88%) of
cases in eelgrass outside protected areas were approved. This
number was only marginally reduced inside protected areas, where
69% of cases in eelgrass were still approved, which is higher
compared to areas without eelgrass inside protection (49%; Fig. 7).
Out of the approved cases 22% and 29% considered the construction
new docks, inside and outside of protected areas, respectively.

The analysis of the decisions indicates that eelgrass was gener-
ally not assessed or considered in the decision process. Only in 12
out of the total 142 cases, was eelgrass explicitly mentioned as
being present, and in areas where satellite inventories indicate
eelgrass only 12% of cases mention eelgrass as being present.
However, the fact that 26% of all approved cases were required to
perform the construction outside of the growth season suggests
that impacts to the marine life were considered in some cases. In
the 12 cases where eelgrass was mentioned, 9 cases were still
approved, which consisted of 3 new docks and 6 modifications or
reparations of existing docks. Two of the approved docks in eelgrass
were located within Natura 2000 areas.

The in-depth analysis strengthened the view that very few cases
contained information regarding the bottom type at the place of
construction and that impact on eelgrass was rarely considered.
Although the standard form used for water operations does require
information regarding the conditions and estimated negative
impact on the bottom, depth and bottom typewerementioned only
in 26% of the examined cases. An indication that bottom conditions
had been investigated at the site of constructionwas present only in
16% of the cases. Within the rejected cases, nature value or bottom
conditions were mentioned in 78% of applications, while for
approved cases these conditions were only mentioned 30% of ap-
plications. There was no mentioning of negative impacts on the
environment in any of the examined applications. The County



Fig. 7. The proportion of all decisions inside and outside of protected areas in the top pie, the percentage with and without eelgrass inside and outside of protected areas in the mid
pies and the proportion of approved and rejected applications within each category in the bottom pies.
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Administrative Board demanded supplement material in 58% of the
cases, but only in one case was information on bottom conditions
requested. Eelgrass was explicitly mentioned within the records of
4 applications (2 where the case was approved and 2 where it was
rejected). Two of the new docks approved for construction (with
the size of 455 and 24 m2) were floating docks situated within
Natura 2000 areas with eelgrass. In all ten approved cases the
surroundings were described as exploited, whereas 56% of the
rejected cases were located in areas described as unexploited.

4. Discussion

Small-scale, cumulative impacts to habitats have long been a
concern for conservation and management of coastal ecosystems
(Panek,1979; Odum,1982), but there still is a lack of attention of their
potential large-scale effects among policy makers and managers
(Peterson and Lowe, 2009). The present study demonstrates that
small-scale impacts from shading by docks and marinas post a sig-
nificant threat to the remaining eelgrass along the NW coast of
Sweden. The lack of assessment and consideration for eelgrass in
decisions regarding dock constructions, also in protected areas,
demonstrate that the theoretical legal protectionof importantmarine
habitats, such as eelgrass, are not functional in safeguarding eelgrass
against exploitation. These results suggest that there is a need to
improve themanagement practices in Sweden and to consider large-
scale cumulative effects during management of small-scale exploi-
tation to avoid further losses of eelgrass and other coastal habitats.
The described cumulative impacts from docks and marinas, and the
identified issues in the Swedish environmental regulations and
management are likely applicable also to other countries.

4.1. Local effects of docks

The positive correlation between eelgrass coverage and light
observed in the present study suggests that shading by docks is the
major factor driving the significant reduction of eelgrass around
docks. Several studies have confirmed the shading properties of
docks (Shafer, 1999; Burdick and Short, 1999; Beal and Schmit, 2000;
Garrison et al., 2005) and losses of seagrass under docks have in
many studies been attributed to a reduction in light (Fresh et al.,
1995; Shafer, 1999; Burdick and Short, 1999; Shafer and Robinson,
2001; Gladstone and Courtenay, 2014). In the present study
eelgrass was absent underneath 43% of the docks assessed, and the
overall reduction in eelgrass coverage under docks compared to 6 m
adjacentwas 78% (Fig. 3A). Burdick and Short (1999) reported similar
losses, with eelgrass absent under 43e62% of docks, and an average
reduction in shoot density between 82 and 89%.

The present study demonstrates large differences between
floating and elevated docks. All floating docks (single docks and
docks within marinas) had zero coverage of eelgrass underneath,
while elevated docks showed a larger variation, with a mean
coverage of 29%. This is likely explained by differences in shading
created by the two dock designs. Floating docks generally had a
stronger shading effect of the bottom underneath, and the average
reduction in light at 2 m depth moving from the edge to underneath
the dock was 72% and 41% for floating and elevated docks, respec-
tively (Fig. 3B). This resulted in 3.7% and 13% available surface light at
2 m depth below floating and elevated docks, respectively. Previous
studies have demonstrated similar shading properties by elevated
docks (Shafer, 1999; Shafer and Robinson, 2001) and that floating
docks substantially decrease the coverage or cause a complete loss of
eelgrass on the bottom below (Fresh et al., 1995, 2006; Burdick and
Short, 1999). The fact that floating docks stand closer to the water
surface compared to elevated docks (0.08 and 1.0 m, respectively)
and have floating elements at which no light reach the water surface
through the board space is likely the explanation to the larger
reduction in light and therefore, the absence of eelgrass underneath.
This is also supported by the observed significant positive correlation
between height above thewater surface and eelgrass coverage under
the dock, seen in the present study. However, the present study
found no significant relationship between eelgrass coverage under-
neath the dock and dock height above the sediment surface, which
have been observed in other studies (Burdick and Short, 1999). This
could possibly be due to the significant negative correlation between
eelgrass coverage and depth.

Eelgrass coverage was also reduced at 6e8 m from the dock
edge, displaying that the area negatively affected by a dock was
greater than the actual area of the dock. Eelgrass coverage and light
was significantly lower adjacent to floating docks compared with
elevated docks. This could be explained by the observed difference
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in human activity and water quality between the two dock designs.
Shading by boats was not assessed in this study, since light levels
adjacent to the dock was measured in locations without overhead
dock structures. However, boats, which were >5 times more
abundant around floating docks compared with elevated docks, are
likely to have caused shading of the marine bottom, which could
explain the larger reduction in eelgrass coverage adjacent to
floating docks. Elevated docks were more often associated with a
single private owner, with few boats and more of a recreational
function in order to access the water. That boats are responsible for
creating these differences in coverage is further supported by the
observation that eelgrass coverage increased more gradually
around elevated docks while a distinct border between low
coverage and 100% coverage was seen around most of the floating
docks, at a distance of 7e8 m, which coincides with the length of
booms situated between boat mooring and the length of the ma-
jority of moored boats. That moored boats can increase the shading
footprint and/or disturb the area adjacent to docks is supported by
previous studies on eelgrass from USA (Fresh et al., 1995; Burdick
and Short, 1999). Furthermore, the attenuation of light in the wa-
ter (Kd) was higher around floating docks, which led to a smaller
percentage of surface light reaching 2 m depth compared with
elevated docks. This difference was surprising, and could possibly
result from a greater boating activity around floating docks that
createmore turbid conditions in thewater, through resuspension of
bottom sediments (Yousef, 1974). Furthermore, floating docks,
which move up and down with waves have been seen to create a
pumping effect that increases sediment resuspension (Abul-Azm
and Gesraha, 2000; Kelty and Bliven, 2003). The effect of dock
design and boating activity on shading and water quality needs to
be further investigated in the study region.

4.2. Large-scale effects of docks and marinas

As a result of eutrophication and overfishing, over 60% of the
eelgrass along the NW coast of Sweden has been lost since the
1980s (Baden et al., 2003, 2012; Moksnes et al., 2008), equivalent to
a loss in the order of 10 000 ha (Moksnes et al., 2016). In compar-
ison with these losses, the 480e580 ha of eelgrass negatively
affected by docks, as determined by the present study, may not
seem substantial. However, in comparison to the present eelgrass
distribution along the Swedish NW coast, estimated to approxi-
mately 6300 ha (E. Lawett, unpubl. data), the area of eelgrass
negatively affected by docks represent 7.6e9.2% of the total area of
eelgrass remaining today. Moreover, in areas that have suffered
more extensive losses of eelgrass, docks can impact a considerable
area relative to the remaining eelgrass. This is particularly true for
the municipality of Kung€alv, which has lost more than 98% of the
eelgrass coverage present in the 1980s (Moksnes et al., 2016). Thus,
it is critical to evaluate information about the present and historic
distribution of eelgrass in a region, when assessing the relative
impact of a dock or marina on the local eelgrass populations.

The results from the present study demonstrates the impor-
tance of considering large-scale cumulative effects when assessing
the impacts of small-scale exploitation. This has been demon-
strated also in a study from the Swedish east coast, which esti-
mated that approximately 40% of important fish habitats had been
degraded as a result of coastal construction between 1960 and 2005
(Sundblad and Bergstr€om, 2014). The number of docks used to
estimate the total impact on eelgrass in the present study came
from inventories performed in 2008, which also found that the
number of constructions along the Swedish west coast had
increased with approximately 200 docks and 9 marinas between
2003 and 2008 (SEPA, 2010; Pettersson, 2011). That the impact
from dock construction is increasing was supported also in the
present study of dock application, where 28 new docks, and 16
replacements of elevated docks for floating docks were approved
along the NW coast of Sweden between 2011 and 2015. Thus, the
total impact of docks on eelgrass today is likely greater than what
was estimated in the present study. The study might further un-
derestimate the actual negative impact by small-scale exploitation
since only the direct effect of shading was quantified. Several other
factors, which were not assessed in this study, such as dredging,
propeller scarring and mooring chains, have been shown to create
negative effects on seagrass coverage (Walker et al., 1989; Fresh
et al., 1995; Burdick and Short, 1999; Shafer and Robinson, 2001;
Erftemeijer and Lewis, 2006). Furthermore, landscape effects e.g.
from fragmentation were not assessed. This suggests that the total
effect of docks andmarinas could be substantially higher within the
study region.

4.3. Dock design within applications and decisions

The applications and decisions for dock construction analysed in
the present study showed that floating docks were the most
common design within applications to build new docks and
amongst new constructions. Furthermore, 23% of all modifications
of docks consisted of changing elevated docks into floating docks,
indicating a preference and increasing trend for this type of dock
design. This was also supported by the fact that all marinas visited
in the present study consisted of floating docks. Considering that
the negative impact on eelgrass coverage from floating docks was
over 60% higher than from elevated docks, a trend towards more
floating docks is worrisome. Due to the detrimental effects from
floating docks on eelgrass, general guidelines in the USA concern-
ing dock construction issued by the U.S. Army Corps of Engineers
state that floating docks should be avoided if possible (Shafer and
Lundin, 1999). To decrease the impact from docks on eelgrass, the
recommendation and common design of docks in the USA today is
to place floating docks only at water depths which exceed the
natural maximum depth distribution of eelgrass in the area, and to
use an elevated dock as a walkway out to the floating dock (Burdick
and Short, 1999; Landry et al., 2008). Based on the results of the
present study, these recommendations would be valid also for
Sweden (and likely also elsewhere).

4.4. Eelgrass assessments and considerations in decisions for dock
construction

One of the most apparent concerns relating to the protection of
eelgrass, was the general absence of eelgrass assessment in the
applications and decision processes concerning dock construction.
Eelgrass was only mentioned in 12% of the cases where the satellite
inventory indicated a high likelihood of eelgrass presence. Ac-
cording to the Swedish Environmental Code (chapter 2, section 1),
the responsibility to provide sufficient information about the
location aimed for construction lies with the applicant. However,
the authorities have the ultimate responsibility to make sure that
decisions are based on good grounds, and that the information is
sufficient for determining the consequences of a dock (Michanek
and Zetterberg, 2012). The lack of eelgrass assessment is not in
line with guidelines on shore protection from the SEPA, where
eelgrass habitats are explicitly described as a habitat that should be
considered when making decisions regarding exemptions from the
shore protection (SEPA, 2012). Instead it appears that the applicant
is, in most cases, left in charge of determining the negative impacts
caused by the proposed construction. Most applicants did not
provide any information about environmental impacts. This is
problematic, both since the applicants likely lack the knowledge
required to make this conclusion, but also because they might be
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inclined not to report negative impacts that could hinder the
approval of the application. Furthermore, the in-depth analysis
indicated that thementioning of any type of nature value or bottom
conditions increased the rejection rate of the applications. The fact
that this information, similar to the negative impacts, is also pro-
vided by the applicant is worrisome. The study further demon-
strates that the confirmed presence of eelgrass within the
applications had little influence on the decision, since 75% of the
decisions were still approved. The reason behind these results are
not clear, but could possibly be a result of lack of consideration
amongst administrators at municipalities and the County Admin-
istrative Board for the cumulative effects from many small dock
constructions, for the guidelines regarding protection of habitats
within protected areas, and the value of eelgrass habitats also in
areas with previous exploitation.

4.4.1. Lack of consideration for cumulative, large-scale effects
One explanation to why small-scale coastal development is

allowed to continue and why the confirmed presence of eelgrass
had little influence on decisions could be the present approach of
assessing each individual case separately without taking into ac-
count the cumulative, large-scale impacts on eelgrass habitats. This
would entail that the lost value of ecosystem services provided by
eelgrass is only related to the individual exploitation case, projec-
ting a relatively innocent nature of each and every dock. If this is
the case, it could explain the lack of proper investigations of impact,
since the demand for information could be seen as proportionate to
the severity of the impact. This approach allows for small-scale
coastal development to continue, despite the overall non-
negligible total effect on eelgrass demonstrated in the present
study. Furthermore, it could also be discussed if the impact from a
single dock should be considered negligible in itself. The mean size
of docks accepted for construction were on average 80 m2, and as
the present study has shown, the negative impacts from docks
reach beyond the actual area of the dock. As a comparison, in Cal-
ifornia, USA, all impacts on eelgrass larger than 10 m2 require
compensation under the U.S. Clean Water Act through restoring
eelgrass habitats (NOAA, 2014).

Local habitat alterations from small cryptic impacts such as boat
scarring of seagrass, dock shading, bulkheading of intertidal
marshes, levee building, pier development, dredging, etc. are
problematic because they are often not immediately noted and
build up over time to produce a more substantial impact (Peterson
and Lowe, 2009). Although the importance of cumulative impacts
has long been recognized (Panek,1979; Odum,1982), policy makers
and managers have generally failed to consider their large-scale
impacts, resulting in regional-scale environmental changes and
fragmentation of coastal landscapes (Peterson and Lowe, 2009).
Odum (1982) used the term “the tyranny of small decisions” to
describe how a lack of considering cumulative effects resulted in a
large number of small management decision regarding e.g.
exploitation of marshlands or building of drainage canals, which in
the end caused extensive losses of coastal wetlands along the east
coast of the United States and the reduction of annual surface flow
into the Everglades national park, respectively. In order to avoid a
slow but continuous degradation of important coastal habitats,
managers must consider large-scale cumulative effect of small-
scale exploitation such as constructions of docks and marinas.

4.4.2. Lack of consideration for protected areas
One of the most worrying results from the present study of dock

applications was the high rate of approvals (59%) for construction of
docks located inside protected areas (i.e. national parks, nature re-
serves and Natura 2000 areas). This is in conflict with the guidelines
for shore protection, which states that exemptions should normally
not be granted inside such areas (SEPA, 2012). Furthermore, eelgrass
is also pointed out in the guidelines as a habitat inwhich exemptions
should normally not be granted (SEPA, 2012). The fact that 69% of the
dock applications inside protected areaswith eelgrass presencewere
still approved is in clear conflict with these guidelines. The high
approval rate within protected areas is further surprising since the
protection was clearly acknowledged within the decisions, meaning
that no information gap exists regarding protected areas, as could be
stated for the presence of eelgrass. That Swedish nature reserves and
Natura 2000 areas provide a very weak protection against coastal
exploitation is further supportedbyanearlier studyperformed inone
of themunicipalities inNWSweden,where no differencewas seen in
the increaseofdocksbuilt insideandoutsideprotectedareasbetween
1988 and 2008 (Hellstr€om, 2007). The reason for these results could
be that Swedish protected areas that include marine habitats were
created mainly to protect habitats on land (Moksnes et al., 2016).
Therefore, it may be important to revise the regulations for some
protected areas to ensure it provides eelgrass and other important
marine habitats with protection from destructive human activities.
4.4.3. Lack of protection in areas with previous development
Although the Swedish shore protection legislation appears to give

eelgrass some protection against coastal exploitation, the shore
protection is abrogated along parts of the Swedish coast, largely
because the area is affected by earlier exploitation, or because of
municipal planning decisions. These areas with abrogated shore
protection, where only a notification of water operations is required,
appear to have a veryweak protection against further exploitation as
94% of the cases of docks constructions were approved.

The in-depth analysis of docks built inside protected areas also
indicated that previous development in the target area had a large
influence on the decision. For example, one case that considered
the building of floating docks with a total area of 455m2 on eelgrass
habitat inside a Natura 2000 area. The decision to approve the
constructionwas justified by arguing that the new dock was placed
in an area already exploited in such a way that it was not of any
value to the purpose of the shore protection. The construction was
also deemed necessary for the marina to remain functional, which
overweighed the interest of protecting plants and animals. If pre-
vious exploitation in an area is considered a valid reason to grant an
exemption from the shore protection, also within protected areas, it
is alarming since it would allow coastal exploitation to spread
unimpeded. Furthermore, it could be strongly questioned if a
habitat adjacent to an existing dock or marina has no value to the
purpose of the shore protection, which is not only to secure access
to the water for the general public, but also to preserve the living
conditions for plants and animals on and around the shoreline
(SEC; chapter 7, section 13). As the present study has shown,
eelgrass meadows with high coverage can grow within 10 m from
docks and marinas, which provide a number of important
ecosystem functions to the area, such as increasing the local
biodiversity and water clarity (e.g. Cole and Moksnes, 2016).
Moreover, studies along the Swedish NW coast have shown that
when an eelgrass meadow is lost, the water transparency can
decrease with over 1 m due to increased sediment resuspension,
preventing eelgrass from growing in the area (Moksnes et al., 2016).
Such changes likely occur at a threshold size of the meadow, when
it becomes too small to stabilize the sediment, after which the
remaining eelgrass is quickly lost by the decreasing water quality
(Duffy et al., 2014; Maxwell et al., 2016). Thus, in areas where the
eelgrass has already suffered large losses and is presently frag-
mented, such as along the Swedish NW coast, a relative small-scale
exploitation of eelgrass may push the system over the tipping-
point, causing an accelerating loss of eelgrass in the area.
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4.5. Conclusions and suggestions for improving eelgrass
management in Sweden

Considering the range of ecosystem functions that eelgrass pro-
vide, the loss over time and space is not only of pure ecological
importance, but also of societal interest, since the loss could lead to
e.g. decreasedwater clarity and recreational value, beach erosion and
loss of fish production and biodiversity (Bos et al., 2007; Van der
Heide et al., 2007; Bilkovic and Roggero, 2008; Cole and Moksnes,
2016). The present study demonstrates a large-scale effect on
eelgrass by small-scale coastal constructions, and indicates that
without anymeasures to fully compensate for these losses, it will not
be possible to achieve national and international goals of protection
and no-net loss of eelgrass habitats (Anonymous, 2012; OSPAR, 2012;
HELCOM, 2013), nor to achieve the environmental status required by
EU-directives. Furthermore, in Sweden, national managers are pres-
ently planning extensive restoration of eelgrass habitats to compen-
sate for historical losses (SwAM, 2015). Considering that the amount
of eelgrass planned to be restored (120 ha to a cost of approximately
11.5million Euro), is less than the amount presently being negatively
affected by docks in NW Sweden alone (480 ha), it could be consid-
ered contra productive to allow coastal exploitation of eelgrass to
continue while at the same time demanding costly measures to be
taken in order to restore these habitats.

The guideline by the Swedish Environmental Protection Agency
clearly identifies eelgrass habitats and protected areas as environ-
ments where exemptions from the shore protection should
generally not be granted, unless it is obvious that the purpose of the
shore protection is not harmed (SEPA, 2012). In order to fulfil this
recommendation there is a need for authorities to increase the
demand on the information provided by the applicants, e.g.
regarding bottom conditions, where all negative impacts on
eelgrass should be reported. It is also important that Swedish au-
thorities are restrictive in giving exceptions from the shore pro-
tection and approving dock constructions when eelgrass habitats
are present, particularly along the Swedish NW coast where large
losses of eelgrass have occurred. In the decision process, it is critical
that the authorities consider the ecological value of eelgrass also if
the area have earlier developments, and in particular consider the
cumulative, large-scale impact of all small-scale exploitations in the
area and how it would affect national and international environ-
mental objectives and commitments. Thus, managers on local and
regional levels should apply a landscape perspective to coastal
management and relate each small-scale project to the spatial
distribution of natural resources and other human activities along
the coast. This type of marine spatial planning is gaining consider-
able importance all around the world where various countries use
it as a tool to achieve sustainable use of marine resources (Douvere,
2008).

In the cases when the construction has been approved and alter-
native locations were missing, it is important to use compensatory
restoration of eelgrass to fully compensate for all ecosystem services
lost. This is important to prevent the continuation of net-losses of
eelgrass habitats along the Swedish coasts. Based on the successful
California eelgrass mitigation policy (NOAA, 2014), a guideline for
compensatory restoration of eelgrass in Sweden was recently devel-
oped, which recommend to use compensation for all exploitation
cases where more than 100 m2 of eelgrass is negatively affected
(Moksnes et al., 2016). There is also a need to develop a guideline for
construction of docks that minimize the negative effects from
shading, and where floating docks should be avoided over eelgrass
bottoms.

Finally, to handle the increasing demand for boat space along
the coasts without further degrading coastal habitats, it may also be
necessary to change people's habits regarding boat use. There is a
need to move away from the perception that everyone in Sweden
has the right to a private dock by their house or cottage, or keeping
their boat in the water when it is not in use. According to the latest
report on boat use in Sweden, from the Swedish Transport Agency
(STA), the average boat is only used 16 days between May to
September (STA, 2015) Furthermore, approximately 50% of boats
are moored at private docks while less than 10% are found within
marinas or at common docks. A behavioural change regarding boat
usage could possibly be accomplished through information cam-
paigns about the benefits of renting boats, or keeping boats out of
the water when not in use (e.g. decreased problems with fouling),
and increasing the availability of public boat ramps with parking
space for trailers, or dry-stack marinas with boat storage on land
and launching assistance. Such a change could decrease the pres-
sure on coastal habitats without any negative effects on the
development and the economy of small coastal communities.
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