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Summary
The Wash and North Norfolk Coast is an area of significance with regards to its habitats and
species. This importance is recognised in European legislature and henceforth has been recognised
as a European Marine Site (EMS). As an area with a variety of landscapes and habitats, the Wash
and North Norfolk Coast (WNNC) EMS attracts both migratory and non-migratory birds, including
163,000 waders, 51,000 wildfowl and other species including, sandwich terns, common terns,
marsh harrier, ringed and grey plover, and avocet. In addition, the WNNC EMS is home to a
common seal colony. Under the EU Habitats and Bird Directives, the EMS includes two Special
Areas of Conservation (SAC) and three Special Protection Areas (SPAs), the SPAs are designated
Ramsar sites. Furthermore, the WNNC EMS is a Site of Special Scientific Interest (SSSI), while
within the WNNC EMS there is an area of outstanding natural beauty (AONB). As a direct result, the
wildlife and natural beauty here attracts many people to the area, particularly to its beaches for
recreational purposes.
This review investigates current literature on bird disturbance, with an emphasis on studies looking
at recreational activities and how this impacts wildlife. An examination of current management
strategies utilised by site managers to mitigate the effects of disturbance away from birds has also
been completed. This review looked at the management strategies from 25 different studies.
Common sources of disturbance such as walking were identified (in 21 studies), and dog walking (in
17 studies). It was found that observation of behaviour is necessary to measure 1) birds alert
distance and 2) birds flight initiation distance. This review examined other forms of observation
behaviour when subject to recreational disturbance, including the physiology of birds in terms of
energy expenditure and costs. However, this review found all forms of measurement are reliant
upon pre-existing empirical evidence for individual sites. This review illustrates the lack of literature
on other animal behaviour to recreational activities, for example, seals.
A review of existing management strategies used by conservation managers to manage
recreational disturbance to wildlife, including ‘hard’ (e.g. physical, regulatory and economic) and
‘soft’ (educational) techniques was also conducted. With literature suggesting that ‘soft’
management strategies are more effective for coastal application. A common approach arising from
the review was the need for education through wardening. In addition to this, this review also
highlights current strategies utilised by the WNNC EMS including zonation and wardening.
Furthermore, this review also notes the importance in the need for electronic data collection to
eradicate duplication and entry errors with existing paper-based disturbance reporting methods. It
also illustrates the need for the public engagement through citizen science to address the issue of
recreational disturbance to wildlife and as an educational approach in the WNNC EMS. The review
of literature suggests that little has been done with citizen science and reporting bird disturbance
resulting from recreational activities is an innovative avenue to be pursued.
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Introduction
The Wash and North Norfolk Coast European Marine Site (WNNC EMS) is situated on the east
coast of England and is a site of great importance both nationally and internationally. This is
recognised by a plethora of conservation designations including Site of Special Scientific Interest
(SSSI), and six National Nature Reserves (NNR), at a European level the site is designated a
European Marine Site (EMS) under the EU Habitats and Birds Directives, the EMS consists of three
Special Areas of Conservation (SAC), due to the importance of its habitats and species and
contains three Special Protected Areas (SPAs) for birds. The site is also recognised under the
Ramsar convention (WNNC EMS, 2016).
It is recognised that the WNNC EMS is of significant importance, it is home to both national and
international breeding (little tern, common tern, marsh harrier) and non-breeding as well as
migratory birds such as 163,000 waders and, 51,000 wildfowl including dark-bellied Brent geese
and other wildlife such as common seal and otter (WNNC EMS, 2016). The WNNC EMS has
complex and varying geomorphology, one feature being a barrier beach on the North Norfolk Coast
and vast intertidal mud and sand flats and saltmarsh. Stripling et al. (2008) defines the beach barrier
as a feature which has a “distinct crest separating the seaward beach face and a well-developed
back-slope.” This is an important feature of the WNNC EMS where, behind the shingle and sand
bars there are extensive areas of saltmarsh as well as other important habitats, for example, fresh
water marsh on the shoreward side. These provide vital habitat areas for coastal wildlife as well as
providing diverse estuarine environments within tidal creeks.
The Wash and North Norfolk Coast is an area of variable landscapes which are subject to dynamic
coastal processes. There have been various studies on these coastal processes and a report from
the Norfolk Coast Partnership (2011) illustrates this importance, stating that the Norfolk Coast is a
“dynamic coastal zone” where geological processes have formed soft-sediments such as sand,
gravel and mud. There have been a few studies undertaken on the coastal processes and
geomorphology of the Wash, in particular on the Lincolnshire side (e.g. Symonds, 2006, Freiss et
al., 2012). Such coastal visual attributes have been reported to bring an influx of “admiring visitors”
to the Wash and North Norfolk coastlines (Norfolk Coast Partnership, 2011).

Outdoor recreation and people
There has long been a link between humans and coastal environments where ecosystem services
are perceived to bring positive benefits to the user. Studies from Barbier et al. (2011), Loomis &
Paterson (2014) and Atkins et al. (2013) all present common ideas upon how ecosystems can be
used, in particular where goods and services arise from their use, but also social values such as
cultural benefits (Barbier et al., 2011). There have been a number of psychological based studies
examining ecosystem services and human interactions. Research from Wheeler et al. (2012) and
Ashbullby et al. (2013) indicate that human interaction with coastal environments is beneficial to
mental well-being. McMichael et al. (2005) suggests that human well-being has many components
which are not covered within ecosystem services, and is much more complex than initially
perceived. Where components of well-being are concerned, people from different cultures and
socio-economic backgrounds are likely to perceive and experience different feelings to particular
ecosystems (McMichael, 2005; Loomis & Paterson, 2013). Understanding these feelings can be
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applied to the management of the coastal zone e.g. access and provision of facilities; since it can be
used to determine who is likely to visit the coast and where they reside.
Coastal areas are valued in a multitude of ways by society providing both direct and indirect goods
and services (Turner et al., 1998). A common direct service of coastal areas is outdoor recreation. A
definition of the term outdoor recreation is complex to determine due to individual perceptions.
However, this can be broken down into broad categories: 1) being outdoors 2) creative activities 3)
health or relaxation 4) games and play 5) natural environment study 6) high adrenaline activities 7)
educational programmes (Henley Centre 2005).

What is disturbance?
Marzano & Dandy (2012) refer to disturbance origins where it can be divided into natural events and
also events which are human-induced. The habitats in the Wash and North Norfolk Coast EMS are
important for both non-migratory and migratory birds; the same areas are also popular for visitors. A
bias of research targeting human-based disturbance has been undertaken for example, Blanc et al.
(2006), Bright & Porter (2001), Cruickshanks et al. (2010), Finney et al. (2005), Gill (2007), Le Corre
et al. (2011), and Marzano & Dandy (2012). There are very few studies currently which look at
natural disturbance impacts upon bird species.
Definitions of disturbance have been discussed at length within literature (Blanc et al., 2006;
Cruickshanks et al., 2010; Liley, 2008; Marzano & Dandy, 2012; and Méndez Roldán, 2013).
Definitions of bird disturbance are evident within literature and vary in a spatial context, for instance
there are differences between the definition of disturbance in forestry environments (Marzano &
Dandy, 2012) and estuarine environments (Liley, 2008). Blanc et al. (2006, p.119) refers to the
European Commission’s definition cited by Harradine (1998) as the “most general agreed definition”
where disturbance is “any phenomenon that may cause a significant change in the dynamics of a
population or the eco-ethological characteristics of populations”. In relation to bird habitats Gill
(2007) refers to disturbance as an event where a bird’s ability to exploit resources such as food,
nesting or roosting sites are altered.

Relationship between disturbance and recreation
It is important to recognise the relationship between recreation and disturbance. A number of
studies have been conducted to look at the relationship between wildlife disturbance and human
recreational activities (Blanc et al., 2006; Méndez Roldán, 2013; Sterl et al., 2008; Marzano &
Dandy, 2012). Cole & Landers (1995) and Blanc et al. (2006) refer to the impacts of recreation upon
habitats, and also recreationists’ perceptions of their own impacts; this is useful knowledge where
management strategies are concerned (Purdy et al., 1987 & Klein, 1993, cited in Taylor & Knight,
2003).
There are numerous studies which focus solely on recreational activity in particular habitat types.
For the purpose of this review papers were found using both Google search and Google Scholar,
using keywords such as, but not limited to; ‘bird disturbance coast’, ‘coastal disturbances’, ‘The
Wash bird disturbance’. Snowballing techniques were used to find case studies relevant to the
WNNC EMS; this was done with a clear research strategy in mind. Results of the search can be
3

seen in Table 1 (a detailed version can be found in Appendix 2). The focus of this review is coastalorientated, as such, 20 of these studies are either coastal or estuarine focused, two focus on
inshore aquatic environments and three are land-based studies.

Bennet

2011

Borgmann

2011

Cruickshanks

2010

Finney

2005

Fisher

1998

Le Corre

2013

Le Corre

2009

Liley

2008

Liley and
Fearnley
Liley et al.

2011

Liley et al.

2015a

Liley et al.

2015b

Mathers

2000

Méndez
Roldán
Navedo

2013

Panter

2015

Ravenscroft

2007

Riddlington

1996

Simpson

2012

Solent Forum

2015

Sterl

2008

Stillman

2012

Suffolk Coast

2012

Taylor

2003

WNNC EMS

2009

2011

2012

4

Vehicles

Running
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Canoeing

Aircraft
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Kitesurfing
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Personal
Watercraft

Cycling

Wildfowling /
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Fishing

Date

Dog Walking

Author

Walking

Table 1: Literature researched involving a particular recreational focus.

Saunders et al. (2000) and Blanc et al. (2006) converse similar thoughts where disturbance can be
caused by a number of variables: 1) the characteristics of an activity 2) the intensity of an activity 3)
the location of where the activity is undertaken. Saunders et al. (2000) provide a comprehensive
study into the effects of recreation upon both land and marine environments and also marine SAC
features. A large number of studies examined (25) included disturbance impacts upon bird species,
another seven papers looked at wildlife as a whole including birds (Table 2).

b. Coastal Disturbance Impact Model

Studies specific to areas within the Wash and North Norfolk Coast European Marine site include;
Based on the site interviews and research studies a Coastal Disturbance Impact
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- A number of field studies have already established that a range of human activities trigger
differing levels of disturbance. The most useful for this project was a review of BTO WeBS
counts undertaken in the late 1990s (37) tabbed ‘perceived disturbance’ over a two-year
period. There is a substantial data set with over 100,000 water bird counts of disturbance 5
effect (of which 26,000 are attributable to humans, with over a third at coastal and estuary
sites). These provide a solid, national-level basis for a disturbance scale, viz.:
no/minimal disturbance – code 1

How is disturbance measured?
As seen in Table 1, there is plenty of literature looking at anthropogenic induced disturbance
impacts from recreational activities upon birds and their populations. Disturbance effects on
populations can be measured through changes in distribution, behaviour, demography and also
population size (Gill, 2007). Steven et al. (2011) illustrates similar thoughts to Gill (2007) with
disturbance effects (Figure 2) where a range of factors must be assessed when deciding on the
cause of disturbance. Studies have focussed on disturbance to populations from a demographic
perspective (Gill, 2007) where bird behaviour is the main subject point (Méndez Roldán, 2013).
Figure 2 shows a linear response to disturbance and ecological impact on birds this complements
Figure 1, where examples of activities across the disturbance spectrum are listed. Animal and bird
behaviour can be measured in different ways, one being in the form of “alert distance (AD)” and
another through “flight initiation distance (FID)” (Ruddock & Whitfield, 2007; Taylor & Knight, 2003).
Fernandez-Juricic et al. (2001) (cited in Blanc et al., 2006) discuss the properties of AD, which
include a buffer zone in the measurements, this is where a bird may adopt their reactions depending
on the intruding human’s behaviour. It is also important to factor in different species’ behaviour to
disturbance (Borgmann, 2011). Many research studies still adopt both AD and FID in their
measurements for individual species more often than a comparison between species and other
factors such as flight duration. Navedo & Herrera (2012) successfully use the FID as a
measurement of disturbance tolerance, which therefore can be used to measure the ‘escape time’
of a flock or individual.

Figure 2: Conceptual relationship between level of human disturbance which is a function of activity, its
duration, intensity, extent and timing, and the likely ecological significance of its effects on bird populations
(Steven et al., 2011)

Other forms of measuring bird behaviour have been researched, for instance looking at responses
and energy costs. Both birds and animals can reduce their feeding activity as a result of disturbance
(Borgmann, 201; Houston et al., 2012) and implications of such behaviour can lead to negative loss
in time and energy budgets, resulting in loss of body mass (Cuthill & Houston, 1997 as cited in
Houston et al., 2012) as well as reduced reproduction and survival rates (Robinson & Pollitt, 2002).
A study from Stillman et al. (2007) suggests that birds may fly away deliberately to other available
6

sites to avoid disturbance, therefore the implications of disturbance are mitigated to an extent.
Habituation to disturbance has been covered in studies focusing on bird behaviour (Suffolk Coast &
Heaths AONB, 2012; Ruddock & Whitfield, 2007; Land Use Consultants, 2006; Mathers et al., 2000;
Riddington et al., 1996; Stillman et al., 2012) and one study on seal behaviour (Wilson, Year
Unknown). A general consensus between authors is that habituation varies upon a species’
sensitivity to disturbance and also site characteristics. Sites with high levels of visitation are likely to
see species become more habituated to disturbance than vice-versa (Stillman et al., 2012). For
instance, a study undertaken by Robinson & Pollitt (2002) indicated that coastal waterbirds were
more likely to be disturbed than waterbirds found inland when disturbed by infrequent activities
(motor-powered machines and shot-guns) and therefore coastal species are less likely to habituate
to such disturbance sources.

Existing and current management strategies to reduce disturbance
The co-existence between wildlife species and humans are a direct result of management strategies
in situ where such interaction occurs; it is recognised that the influence of humans upon wildlife can
alter population structures and the dynamics of species (Anderson, 1995). Kuo (2002) (cited in
Simpson, 2012) notes that the aim of effective visitor management is to ensure visitors (local and
non-local) have an enjoyable experience as well as appreciating the value of a site. A number of
literature sources have looked at the effects of disturbance upon wildlife in particular birds and
associated management programs targeting disturbance sources. Comprehensive management
strategies have been listed within a report from Saunders et al. (2000) and also a study from
Simpson (2012). Management strategies mentioned can be classified under ‘hard management’
strategies and also ‘soft management’ strategies (Table 2).

Table 2: Examples of hard & soft management approaches (adapted from Simpson, 2012)

Hard Management
Examples:
Viewing platforms
Physical
Approaches

Regulatory
Approaches

Economic
Approaches

Boardwalks
Fencing off of areas
temporarily
Zoning of activities
Prohibition of
campfires in dunes
Temporal site
restrictions
Littering fines
Bait-digging licences
Car-parking charges

Soft Management
Examples:
Visitor orientation
centres
Interpretation boards
Educational
Approaches
Codes of Conduct

Littering fines

Studies which focus on bird disturbance contain varied views on management implications. The use
of modelling is widely documented as a tool for disturbance management (Bennet el al., 2011;
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Finney et al., 2005; Liley et al., 2011; Stillman et al, 2007; Stillman et al., 2012; WNNC EMS &
Norfolk Coast AONB, 2009). Models primarily look at the individual-based impacts for birds and then
applied to a broad range of species in particular ecological situations, different forms of humanbased disturbance can be introduced to determine hypothetical bird response (Bennet et al., 2011 &
Stillman et al., 2012). A pre-requisite of modelling for creating management strategies is data for
visitor and site access (Liley et al., 2011), as well as disturbance threshold parameters (Bennet et
al., 2011; Finney et al., 2005; WNNC EMS & Norfolk Coast AONB, 2009). Stillman et al. (2007)
suggests that modelling is useful when determining mortality rates and fat storage of individual
species, when applied to species at population level. An overall benefit of models is that they allow
for hypothetical situations to be investigated and outcomes presented without actually impacting on
species.
Visitor surveys are of particular use when looking at both ecosystem services and also site access
patterns for particular areas. There have been various studies across the UK and Europe (see
Table 1) which focus on the disturbance impacts resulting from particular human-based activities.
Results for visitor surveys can highlight different factors, however many of them focus on four
things: 1) what activity the person is undertaking 2) why do people visit the area 3) how often people
visit 4) where people come from. These data provide a basis for computational modelling as well as
useful information for spatial analysis where particular recreational activities occur (Appendix 1)
(Liley & Fearnley, 2011).
A number of studies have used techniques in relation to planning and design for human facilitation
and the creation of special areas (Méndez Roldán, 2013) in particular physical approaches (see
Table 2). Buffer zones are a commonly used tool within site management plans (SMPs), particularly
to mitigate disturbance from wildlife. Ruddock & Whitfield (2007) note many factors are subject to
conflict where the measurement of a buffer zone is concerned. A generic distance based
measurement is adopted within many studies utilising the ‘alert distance’ (AD) and the ‘flight
initiation distance’ (FID) (Ruddock & Whitfield, 2007) to create a ‘minimum approaching distance’ for
maintaining a separation distance between humans and sensitive wildlife. Mathers et al. (2000)
notes that SMPs should focus upon the most sensitive species at a site, therefore encompassing all
species which are less susceptible to disturbance into account.

Borgmann
Blanc
Finney
Navedo
Riddington
Taylor
Wing & Gabrielson
Anderson
Crickshanks
Liley

Recreation
zone creation

Fencing

Wildlife
viewing area

Pathways /
Trail

Date

Author

Table 3: Studies suggesting particular physical management strategies to reduce disturbance

2011
2006
2005
2012
1996
2003
2010
1995
2010
2008
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liley
Olson
Panter
Land Use Consultants
Le Corre

2015
2014
2015
2006
2013

Further recommendations from studies suggest the use of visitor access management plans (see
Table 3). These should include designated pathways/trails (Borgmann, 2011; Blanc et al., 2006;
Finney et al., 2005; Navedo & Herrera, 2012; Riddington et al., 1996; Taylor & Knight, 2003; WingGabrielson & Smith), the creation of dedicated wildlife viewing areas including camouflage blinds
and covers (Anderson, 1995; Blanc et al., 2006; Borgmann, 2011; Taylor & Knight, 2003) and
fencing (Borgmann, 2011; Cruickshanks et al., 2010; Liley, 2008; Liley et al., 2015; Olson et al.,
2014; Panter & Liley, 2015). Other regulatory approaches have a stronger focus on visitor access
including the closure of sites during times of higher sensitivity e.g. breeding (Anderson, 1995;
Borgmann, 2011; Hoover-Miller et al., 2013; Steven et al., 2011), zonation of activities away from
sensitive sites (Blanc et al., 2006; Land Use Consultants, 2006; Mathers et al., 2000; Saunders et
al., 2000; Sterl et al., 2008; Steven et al., 2011; WNNC EMS & Norfolk Coast AONB, 2009)
including exclusion and buffer zones (Navedo & Herrera, 2012 & Saunders et al., 2000) and also
the creation of habitat zones for recreation (Land Use Consultants, 2006; Le Corre et al., 2013;
Navedo & Herrera, 2012) and dog specific zoning (Sterl et al., 2008). An example of the latter are
mandatory leashing zones (Weston et al., 2014) specifically designed to keep dogs on a linear path
(WNNC EMS & Norfolk Coast AONB, 2009). Zonation management is practiced within the WNNC
EMS. At Brancaster beach zonation limits activities such as kitesurfing, kite bugging and walkers
from advancing into sensitive beach areas thereby reducing the impacts of disturbance on seasonal
breeding bird populations. However, issues arising from such methods of management is the
reliance upon empirical evidence for bird disturbance, especially where data potentially could be
inaccurate or non-site specific. Studies have also suggested that the public dislike closure of sites
(Finney et al., 2005; Taylor & Knight, 2003) as well there is evidence of a poor success rate of ‘hard
management’ measures within an EMS application (Simpson, 2012). In addition, Gill (2007)
supports the discouragement of site closure, with the viewpoint that engaging public interest and
support through education and responsible access is the key to successful conservation
management.
Fazio & Gilbert (1986) note that “wildlife management is 10% managing wildlife and 90% managing
people” (as cited by Le Corre et al., 2013), they suggest the need for both educational measures
and wardening measures to be featured in SMPs. Results from Sterl et al. (2008) indicate that the
use of wardening leads to a reduction in 20% of dogs off a lead. Wardening is already a key
strategy used within the WNNC EMS at an individual site level to mitigate potential disturbance.
Sterl et al. (2008) explains that although wardening encourages positive visitor behaviour, the costs
of wardening is expensive (unless under a voluntary scheme). Educational approaches are
commonly listed as site management options by a number of authors, these include visitor
orientation centres, interpretation boards and codes of conduct (Simpson, 2012). A recent
publication from Jenkinson (2015) found signage at a Norfolk coast site (outside of the WNNC EMS)
to be unsuccessful at relaying disturbance messages to the public, due to too much information
being displayed on the sign. Hampshire County Council (2008) (as cited by Jenkinson, 2015)
successfully introduced a simple yet effective signage use to convey messages to the public at a
particular site (see Figure 3). However, the effectiveness of such strategy is dependent on the
enforcement of codes of conduct, ongoing costs associated with enforcement and whether these
messages are accepted by the public.
9

Figure 3: Zonation signs used for the Danebury Hill Fort Zoning System
(Jenkinson, 2015)

Potential management strategies
Research suggests current recreational disturbance methods used by the WNNC EMS is similar to
the Participatory Action Research (PAR) model (Cooper et al., 2007) involving the collaboration of
interested participants and research professionals to find and provide solutions to problems. In the
case of the WNNC EMS, this is the collaboration between site managers and/or wardens and the
EMS management scheme staff to record disturbance data through the Incident Recording Process
(IRP) to demonstrate where disturbance ‘hotspots’ are, inform site level management and
incorporate this data into the WNNC EMS management plan (WNNC EMS & Norfolk Coast AONB,
2009).
Another educational approach which may complement existing management methods of the WNNC
EMS is the use of citizen science (CS). CS is regarded as a research tool within social science
which utilises a network of volunteers to collect data to assist professional research (Cooper et al.,
2007). A few well-known examples of CS projects include the RSPB’s Big Garden Birdwatch
(RSPB, 2016) and the ash dieback project (Living Ash Project, 2016).
A Google Scholar search for “citizen science and bird disturbance” revealed that very few CS
projects have been developed globally with recreational disturbance as a main focus. Cooper et al.
(2007) suggest that CS models are useful where data collection across a broad geographic region
is required, utilising the public, whereas PAR models are useful where local research is concerned.
As the “bird watching capital of Britain” (Visit Norfolk, 2016) the WNNC EMS attracts birders and
wildlife watchers from all over the country and internationally. The scope for utilising CS in
managing recreational disturbance within the EMS is high. A recent CS project in Norfolk monitored
bats using smartphone technology (Newson et al., 2015) involved volunteers of both specialists and
non-bat specialists. Newson et al. (2015) noted the range of volunteer backgrounds included
schools, local businesses, farmers, wildlife groups, families and university students. This study
demonstrates the scope of enthusiasm that CS projects can generate. In essence, CS can be
applied to the current WNNC EMS IRP data collection project.
Data collection using smartphones have been previously published for a multitude of applications,
for example, epidemiology (Aanensen et al., 2009) and wildlife-vehicle collisions (Olsen et al.,
10

2014). Both of these studies are examples of PAR models, where data is collected by interested
participants. Snaddon et al. (2012) notes the evolution of data collection methods within CS is due
to new technologies being integrated into newer generations of smartphones. Aanensen et al.
(2009) & Thriemer et al. (2012) highlight significant advantages of electronic data collection over
traditional paper-based collection where: 1) the time between data entry, data checking and data
computerisation are eliminated 2) no transcription errors occur during paper to electronic data entry.
The extent of the use of electronic devices and communication technologies in recent years has
significantly increased. At the end of 2014 over 89.9 million mobile phones were in use in the UK
(OFCOM, 2015). OFCOM (2015) also note that 93% of the UK’s population own a mobile phone
and that 66% of the population have a ‘smartphone’. The drive in the use of the smartphone is
principally due to improved access to the internet (Snaddon et al., 2012). Additionally, more
advanced research tools to collect data such as GPS, microphones, cameras, accelerometers exist
within smartphones now which previously did not (Teacher et al., 2013). An additional advantage of
electronic data collection is that the connection between smartphone and the internet allows
submission and (if required) a two-way retrieval of data between the smartphone and central
database whilst in the field (Aanensen et al., 2009). Teacher et al. (2013) highlight the importance of
such features in the development of apps (application software) within CS to collect data in
abundance by the public. This method of data collection allows the public to become engaged,
encourages ownership and provides an education element while ensuring that the collection
management and quality-control of the data is maintained (Snaddon et al., 2012).
The use of smartphone technology and app software can be used theoretically anywhere with
mobile phone signal coverage or wireless internet (Wi-Fi). Graham et al. (2011) noted that the
smartphone has led to the creation of “connected” citizen scientists, enabling data to be collected as
part of a daily routine. The WNNC EMS currently use a paper-based form (see Appendix 3) for
disturbance data collection. Whereby site managers/wardens record their observations and
computerise these into a Microsoft Excel based template which is sent to the EMS management
scheme project. Limitations in this method mean that data sharing between site managers and
wardens across the EMS is restricted to published IRP yearly reports. The connectivity of a
smartphone and a CS app would allow data sharing between a user network (Graham et al., 2011),
this would benefit site managers where a disturbance event is spread across more than one coastal
site. Furthermore, data sharing between all users would allow greater follow-up speeds of incidents
including the creation of mitigation strategies at management level.
Developing an app to run on a smartphone under the PAR model would benefit the WNNC EMS
where the IRP process is concerned. The use of an app would reduce traditional errors associated
with paper to electronic data entry, making the process much more efficient. Raento et al. (2009)
summarise the benefits of using smartphone apps for social science exercises: 1) smartphones
allow flexible control where research subjects are concerned; 2) Smartphones are cost-efficient for
large-scale and long-term studies; 3) smartphones are not intrusive in both social and professional
situations and can be used for observation without causing disruption to the user or observer.
Adaptations for CS use would be required where data validity is concerned. Wiggins & Crowston
(2011) noted that projects utilising citizen science should use a variety of data validity techniques to
avoid bias and quality reduction. The use of appropriate training and oversight as well as
implementing appropriate research protocols can ensure data from CS projects is of a high quality
similar to expert level data (Bonney et al., 2014); validity of data for a WNNC EMS disturbance app
could be managed in a centralised system. Teacher et al. (2013) notes that apps which are
11

designed for CS must be appealing to a wide user group and must be engaging to ensure longevity.
Teacher et al. (2013) also examined the range of operating systems available as a base for app
development, suggesting that Apple’s iOS and Google Android as the more popular options,
however, this does not mean Microsoft’s Windows Mobile cannot be used. Several literature
sources have suggested the need for a desktop based app i.e. a web page (Olson et al., 2014 &
Teacher et al., 2013) as a network component for viewing previously captured data both by
members of the public and researchers. The WNNC EMS has previously utilised a web based
platform of data entry and sharing system which has proved to be successful and could be built
upon.

Conclusion
The coastal environment is special in the viewpoint of ecosystems, transitioning between the
mainland and the sea; as a result these areas are home to a wide diversity of wildlife and habitats.
The perception of associated health benefits from coastal areas has long been a factor for coastal
recreation. The balance between coastal access and conservation of coastal wildlife and habitats
conservation has always been important and is becoming more so with numbers of visitors
projected to increase. This literature review recognises the interaction people have with the coastal
environment and associated recreational disturbance and mitigation. The study has focused on the
implications of human access on coastal wildlife, in particular to bird species. Although bird species
are the main focal point of the WNNC EMS wildlife, a review of human disturbance on seal
populations was also undertaken. Furthermore, this review illustrates the expanse of studies
undertaken both at a national and international level on bird behaviour and habitats. This is
particularly useful in understanding the difference in species behaviour and the various recreational
management strategies resulting from human disturbance.
This review highlights management strategies researched by authors to mitigate the effects of
human-based recreational disturbance on wildlife. Studies from UK European Marine Sites (EMS)
proved to be useful, suggesting the effectiveness of ‘soft’ management techniques are more likely to
work within an EMS application. However, a majority of the reviewed management strategies
utilised bird behaviour parameters for disturbance modelling. Little evidence has been submitted in
response to the validity of these data used to parameterise models, and whether such data is site
specific. This issue is also present in the measurement of disturbance in the forms of Flight Initiation
Distance (FID) and Alert Distance (AD), where many of the studies focus upon a single species,
instead of multiple species.
Current management strategies used within the WNNC EMS are highlighted, however this study
does not examine the effectiveness of them but highlights additional strategies which could be of
use in the WNNC EMS; in particular the use of a smartphone app. It was found that the use of
smartphone apps has increased dramatically in recent years due to technology advances and has
been successfully applied in many scientific projects. This study highlights the inherent advantages
of utilising digital data collection techniques for scientific and ecological reasons from previously
published literature particularly within the realm of citizen science (CS). The lack of literature for
recreational disturbance with a CS involvement suggests that this has not yet been undertaken and
therefore presents an opportunity. Furthermore, a recent CS project undertaken locally (Norfolk)
showed great promise in the involvement of people with nature studies.
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As a result of this study, it is clear that there is scope for an improved recreational disturbance
monitoring and mitigation strategy for the WNNC EMS including a variety of tools to better
understand the extent of recreational activities, promotion of and ownership of best practice by the
local community and reporting mechanisms to operate complimentary alongside current
management. The utilisation of modern technology would be an obvious building block to engage
the public about responsible actions on the coast while streamlining reporting and effectively
targeting management measures.
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Appendix 1: Map 4 (Liley & Fearnley, 2011)
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Appendix 2: Review of literature by recreational activity and species/habitat.
Author

Year

Title

Bennet et al.

2011

Modelling the
responses of
wildlife to human
disturbance: An
evaluation of
alternative
management
scenarios for
black-crowned
night-herons.

Borgmann

2011

Cruickshanks

Species/Habitat

Activity

Location

Wetland, blackcrowned nightherons.

Walking,
running, birdwatching,
school groups.

Lake Calmut,
USA

A Review of
Human
Disturbance
Impacts on
Waterbirds.

Estuarine,
shorebirds, diving
ducks and
waterfowl.

San
Francisco
Bay, USA

2010

Desk Based Study
on Recreational
Disturbance to
birds on the
Humber Estuary.

Estuarine,
waders, wildfowl,
hen harriers, little
tern.

Finney

2005

The effect of
recreational
disturbance on an
upland breeding
bird, the golden
plover Pluvialis
apricaria.

Upland, Golden
Plover.

Boating,
walking,
running,
driving, flying,
hunting, fishing
and dog
walking.
Walking, dog
walking, horse
riding, cycling,
nature
watching,
wildfowling,
personal
watercraft,
yachting and
kite surfing.
Walkers.

Fisher

1998

Waterfowl and
Human Interaction
Studies, The
Wash.

Walkers, dog
walking,
cyclists, bird
watching,
wildfowling,
fishing, aircraft,
personal
watercraft.

The Wash,
UK

Le Corre

2013

Wintering
Waterbirds and
Recreationists in
Natural Areas: A
Sociological
Approach to the

Saltmarsh,
shelduck, grey
plover, curlew,
brent geese, pinkfooted geese,
wigeon,
oystercatcher,
knot, dunlin, bartailed godwit,
redshank.
Lagoon, dunlins,
golden plover,
common
shelduck, mallard
duck, Eurasian
coots, brent

Kite surfing,
windsurfing

Brittany,
France

Humber
Estuary, UK

Pennine
Way, UK
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Awareness of Bird
Disturbance

geese, ringed
plovers,
sanderling
Lagoon, Snowy
Plover, common
tern, common
shelduck, lesser
black-backed gull,
herring gull,
ringed plover,
oystercatcher,
sandwich tern
Little terns

Canoeing,
kayaking,
yachting, jet
skiing, kite
surfing, water
skiing, walking,
hiking, dog
walking.

Brittany,
France

Walking,
personal
watercraft, dog
walking.

Great
Yarmouth,
UK

Dog walking,
walking, bird
watching,
vehicles,
personal
watercraft,
wildfowling,
aircraft,
swimming,
yachting.
Personal
watercraft, jet
skiing,
yachting, kite
surfing,
windsurfing,
diving,
canoeing,
fishing,
birdwatching,
golf,
wildfowling.
Dog walking,
walking,
birdwatching,
canoeing,
personal
watercraft,
horse riding,
bait digging.
Jet skiing, dog
walking,
walking,
canoeing,
water skiing,

Kent, UK

Le Corre

2009

Bird disturbance
on conservation
sites in Brittany
(France): the
standpoint of
geographers

Liley

2008

Little Terns at
Great Yarmouth.
Disturbance to
birds and
implications for
strategic planning
and development
control.

Liley and
Fearnley

2011

Bird Disturbance
Study, North Kent

Waders, wildfowl,
grebe,
oystercatcher,
dunlin, curlew,
redshank

Liley et al.

2011

Exe Estuary
Disturbance Study

Dunlin,
oystercatcher,
lapwing, wigeon,
dark-bellied brent
geese and other
waterfowl

Liley et al.

2015a Bird Disturbance
Survey of The
Fleet

Waders, wildfowl,
other birds.

Liley et al.

2015b Morecambe Bay
Bird Disturbance
and Access
Management

Dunlin, knot,
lapwing,
oystercatcher,
redshank, ringed
plover,

Exe Estuary,
UK

Morecambe
Bay, UK

The Fleet,
UK
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Report.

A Study of the
Impact of Human
Disturbance on
Wigeon Anas
Penelope and
Brent Geese
Branta Bernicla
Hrota on an Irish
Sea Loch.
Water-based
recreation
disturbance on
coastal bird
populations. A
canoeing/kayaking
case study in
Langstone
Harbour, UK.

sanderling,
turnstone,
wildfowl inc.
geese, gull, terns.
Wigeon, Brent
Geese

yachting,
fishing, cycling.

Walking.

Strangford
Loch,
Northern
Ireland

Little tern,
sandwich tern,
common tern,
dunlin, grey
plover, blacktailed godwit, bartailed godwit,
redshank, ringed
plover, turnstone,
curlew,
sanderling,
wigeon, shelduck.
Coastal wetlands,
Eurasian wigeon,
mallard, dunlin,
grey plover,
Eurasian curlew,
greenshank,
redshank.

Canoeing.

Langstone
Harbour, UK

Walking.

Santona,
Victoria and
Joyel
Marshes
National
Park, Spain

Mathers

2000

Méndez
Roldán

2013

Navedo

2012

Effects of
recreational
disturbance on
tidal wetlands:
supporting the
importance of
undisturbed
roosting sites for
waterbird
conservation.

Panter

2015

Visitor surveys at
European
protected sites
across Norfolk
during 2015 and
2016.

Generic bird
categories;
breeding birds,
wintering/passage
birds.

Dog walking,
walking,
birdwatching,
cycling,
personal
watercraft.

Norfolk
European
Protected
Sites, UK

Ravenscroft

2007

Disturbance to
waterbirds
wintering in the
Stour-Orwell
estuaries SPA.

Estuarine, brent
geese, blacktailed godwit,
curlew, dunlin,
golden plover,
grey plover, knot,
lapwing,
oystercatcher,
pintail, redshank,
ringed plover,
shelduck,
turnstone,
wigeon.

Walking, dog
walking,
personal
watercraft,
yachting,
cyclists,
aircraft.

Stour-Orwell
Estuaries,
UK
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Riddington

1996

The impact of
disturbance on the
behaviour and
energy budgets of
Brent Geese
Branta b. bernicla.

Saltmarsh

Walking, dog
walking,
vehicles,
personal
watercraft,
wildfowling,
aircraft, other
mammals.
Angling,
baitdigging,
birdwatching,
diving,
dogwalking,
walking, horse
riding, kite
flying, vehicles,
windsurfing.
Dogwalking,
walking,
cycling

Scolt Head
Island, UK

Simpson

2012

A Study into
Recreational
Disturbance at the
Teesmouth and
Cleveland Coast
European Marine
Site.

Intertidal area –
sand/shingle,
saltmarsh. Little
tern, sandwich
tern, knot,
redshank,

Solent Forum

2015

Gosport Bird
Disturbance
Mitigation
Protocol.

Mudflats, shingle,
saltmarsh.
Waterfowl
including – geese,
ducks, waders.

Sterl

2008

Visitors’
awareness and
assessment of
recreational
disturbance of
wildlife in the
Donau-Auen
National Park.

Riparian wetland.

Cycling,
walking,
dogwalking,
jogging,
fishing,
hunting,
personal
watercraft.

Donau-Auen
National
Park, Austria

Stillman

2012

Predicting the
impact of human
disturbance on
overwintering
birds in the Solent.

Dunlin, ringed
plover, redshank,
grey plover,
black-tailed
godwit, bar-tailed
godwit,
oystercatcher,
curlew.
Estuarine. N/A,
report applicable
for all birds.

Dogwalking,
baitdigging,
intertidal
activities.

Solent Coast,
UK

Suffolk Coast

2012

A simple method
for assessing the
risk of disturbance
to birds at coastal
sites.

Walking,
dogwalking,
cycling,
baitdigging,
fishing, horse
riding,
vehicles,
yachting.
Hiking &
cycling.

Suffolk
Coast, UK

Taylor

2003

Wildlife
Responses to
Recreation and
Associated Visitor
Perceptions.

Grassland. Bison,
mule deer,
pronghorn
antelope.

WNNC EMS

2009

Coastal
Disturbance
Study.

Saltmarsh,
shingle, sand.
Applicable to all

Generic
disturbance at
coastal sites

WNNC EMS,
UK

Teesmouth &
Cleveland
Coast EMS,
UK

Solent Coast,
UK

Antelope
Island State
Park, USA
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birds on WNNC
EMS.

(walking,
dogwalking,
aircraft,
cycling, horse
riding,
vehicles.

25

Appendix 3: WNNC EMS Paper Incident Report Process (IRP) form
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Appendix 3.1: WNNC EMS IRP form Event Type Categories
Disturbance Activity
Baitdiggers
Cilvilian Aircraft – registered planes & Microlights
Drones/Unmanned Aircraft
Cyclists
Dogs
Litter
Marine Vessels – all motorised boats unrelated to water sports activities
Military Aircraft
Motorbikes/Quadbikes
Other Activities – camping, BBQs/fires, metal detectors etc. raves/gatherings
etc.
Pollution
Study Groups
Vehicles
Walkers
Water Sports – motor boats, jet-skis, hovercraft, canoeing, paddleboarding
Wind Sports – sailing boats, wind surfers, kite surfers, wind buggies and kite
flying
Samphire Gathering
Horse Riding

Event Type
BD
CA
DR
CY
D
L
MV
MA
B
O
P
SG
VE
W
Wa
Wi
SP
H

Appendix 3.2: WNNC EMS IRP form Disturbance Codes

1
2
3
4
5

Disturbance Codes
Minimal Disturbance (impact is slight and short-lived)
Moderate Disturbance (small within-site bird movement)
High levels of Bird Disturbance (Birds react to a stimulus by flight)
Very High Levels of Disturbance (Birds are almost continuously on the move and/or
absence on-site is prolonged)
Evidence of Actual Damage (Trampling, nest desertion, chicks scattered/attacked etc.)
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