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Abstract

The use of the countryside for recreation has increased dramatically in recent years. This has led to concern amongst conser-
vationists about the effects increased human disturbance may have on important wild animal populations. In the UK, recent leg-
islation has widened the level of access to upland habitats, which support internationally important breeding bird populations.
Determining the extent to which recreational disturbance affects upland breeding birds is therefore a conservation priority. We used
data collected over 13 years to investigate the impact of recreational disturbance on the distribution and reproductive performance
of golden plovers breeding in close proximity to the Pennine Way, an intensively used long-distance footpath. Importantly, the
Pennine Way was resurfaced in 1994 to prevent further erosion of the surrounding vegetation. We were therefore able to examine if
the response of golden plovers to recreational disturbance was influenced by changes in the intensity and extent of human activity
resulting from the resurfacing work. Before the Pennine Way was resurfaced, golden plovers avoided areas within 200 m of the
footpath during the chick-rearing period. At this time over 30% of people strayed from the footpath and the movement of people
across the moorland was therefore widespread and unpredictable. Following resurfacing, over 96% of walkers remained on the
Pennine Way, which significantly reduced the impact of recreational disturbance on golden plover distribution; golden plovers only
avoided areas within 50 m of the footpath at this time. Despite the clear behavioural responses of golden plovers to the presence of
visitors, there was no detectable impact of disturbance on reproductive performance. In many countries, a conflict arises between the
use of the countryside for recreational purposes and the protection of habitats or species of high conservation value. However, this
study suggests that the implementation of simple measures to influence visitor behaviour can dramatically reduce the impact of
recreational disturbance on wild animal populations.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The extent to which the increasing use of the coun-
tryside for recreation may have adverse effects on wild-
life is a growing conservation issue (Gill et al., 2001b;
Papouchis et al., 2001). Animals often respond to hu-
mans as they would to potential predators (Frid and
Dill, 2002) and responses to human intrusions are well
documented for a range of species. These include ele-
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vated heart rate (Weimerskirch et al., 2002), increased
alarming or defensive behaviours (Andersen et al., 1996;
Reby et al., 1999) and ultimately the avoidance of high-
risk areas, either completely or by using them for limited
periods only (Gill et al., 1996). Disturbance by people
can also increase the risk of predation (Anderson, 1988).
Consequently, in areas where levels of human activity
are high, repeated disturbance by visitors can lead to a
reduction in the survival or reproductive success of in-
dividuals (Goodrich and Berger, 1994; Burger et al.,
1995).

Ground-nesting birds, such as waders (Charadriidae
spp.), are thought to be particularly at risk from human
disturbance. When approached, birds often flush from
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nests, leaving eggs and chicks exposed to possible
chilling or predation and imposing an energetic cost on
the adults (Nudds and Bryant, 2000; Bolduc and Gu-
illemette, 2003). For example, human disturbance is
thought to significantly reduce the chick-rearing ability
of African black oystercatchers Haematopus moquini,
which breed on the coasts of South Africa at the height
of the summer tourist season; breeding success outside
protected areas was approximately one third of that on
reserves (Leseberg et al., 2000). Similarly, human dis-
turbance was found to interrupt incubation and reduce
chick foraging time in New Zealand dotterels Charadrius
obscurus (Lord et al., 1997, 2001). However, other
studies have found no evidence of an adverse effect of
human disturbance on bird populations (Gill et al.,
2001b; Verboven et al., 2001).

In England and Wales, concern regarding the possible
detrimental impact of recreational activity on ground-
nesting birds has increased following the introduction of
the Countryside and Rights of Way (CRoW) Act 2000.
The Act creates a statutory right of access on foot for
open-air recreation to mountains, moors, heaths, downs
and registered common land. Increased access rights are
of potential concern in upland areas due to the high
numbers of visitors these areas attract (e.g. Peak Park
Joint Planning Board, 1988). These upland habitats
support internationally important breeding bird popu-
lations, including a unique assemblage of breeding
waders (Ratcliffe, 1991; Thompson et al., 1995). Under
the provisions of the CRoW Act, restrictions can be put
in place in areas where new access is likely to jeopardise
important breeding bird populations. However, to date,
few studies have investigated the impact of recreational
activity on upland birds (see Yalden and Yalden, 1989,
1990a) and further research is urgently required to
provide reliable information on which to base manage-
ment decisions.

We investigated the effects of recreational disturbance
on the breeding distribution and reproductive perfor-
mance of golden plovers Pluvialis apricaria. Some of the
highest recorded breeding densities of golden plover
occur on moorlands in Britain (Byrkjedal and Thomp-
son, 1998) and the golden plover is listed under Annex 1
of the EU Wild Birds Directive (79/409/EEC), giving it
full legal protection and making this species a priority
for conservation. This study was carried out in the Peak
District National Park, northern England. The study
area is traversed by the Pennine Way long-distance
footpath and receives approximately 5000 visitors be-
tween April and July (Pearce-Higgins and Yalden,
1997). As a direct result of this intense use, considerable
damage had been sustained to sections of the path and
the surrounding vegetation (Porter, 1989). In an effort to
improve the amenity of the route and to reduce further
damage, a 4 km section of the Pennine Way was paved
with flagstones during the winter of 1993/1994; access

points were also restricted by the erection of a fence
along the edge of the road. This had a significant effect
on the behaviour of hikers; over 30% of people strayed
from the footpath prior to the resurfacing work com-
pared to just 4% after the flagstones were laid (Pearce-
Higgins and Yalden, 1997). This area therefore provided
an ideal situation in which to investigate the impact of
recreational disturbance on breeding golden plovers, as
the amount of human activity varied both spatially and
temporally. We tested the hypothesis that golden plovers
avoid areas of high disturbance along the footpath and
that this is most evident when disturbance levels are
highest, at weekends. We also tested the hypothesis that
high levels of human disturbance along the Pennine
Way result in a lower reproductive performance by pairs
with territories nearest to the path. Furthermore, the
resurfacing of the footpath, and the associated change in
visitor behaviour, enabled us to investigate how different
access management options could influence any impact
of visitor activity on breeding golden plovers. This study
concentrated on the chick-rearing period, as previous
research has shown that golden plovers are particularly
sensitive to human disturbance at this time (Yalden and
Yalden, 1989, 1990a).

2. Methods
2.1. Study site

Data were collected from the Peak District National
Park, northern England, between 1986 and 1998. The
study site is a 6 km? area of blanket bog to the south of
Snake Summit (UK Ordnance Survey Grid Ref:
SK088929; Fig. 1), dominated by cotton grass Eriopho-
rum vaginatum, with bilberry Vaccinium myrtillus and
crowberry Empetrum nigrum in the drier areas and hea-
ther Calluna vulgaris on lower slopes. The altitude of the
site ranges from 450 to 554 m. As the study site is owned
by The National Trust, a UK conservation charity, the
land has been designated as “open access’ since 1951.
Walkers are therefore not restricted to footpaths, al-
though they are encouraged to keep dogs on a lead and
to avoid disturbing sheep and ground-nesting birds.

2.2. Survey methodology

Surveys of breeding golden plovers were carried out
during the years 1986-1988 and 1996-1998. These were
undertaken every 2-8 days during the chick-rearing pe-
riod (May—July) between 09:00 and 18:00, avoiding days
with heavy rain, high winds or poor visibility. A sur-
veyor walked at a steady pace and approached all areas
of the study site to within 200 m (Yalden and Yalden,
1990b). The route walked varied between surveys to
avoid potential biases in the data by visiting a given area
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Fig. 1. Snake Summit study site (shaded area) showing the original route of the Pennine Way (dashed line), the route of the resurfaced footpath

(dotted line) and the A57 trunk road (solid line).

of the study site at the same time of day on each occa-
sion. The locations of all birds seen were recorded to the
nearest 100 m grid square, which is a resolution that is
likely to encompass chick locations in those cases where
the adults had broods (Whittingham et al., 1999). To
assess breeding status, detailed observations of the bird’s
behaviour (e.g., territorial display, alarm-calling, loaf-
ing) or the presence of a nest or chicks were also re-
corded. Where possible, observations were attributed to
a particular pair based on either unique colour-ring
combinations or on individual characteristics such as the
amount of black ventral colouration (Yalden and Yal-
den, 1990b, Appendix A). Attributing behavioural ob-
servations to particular pairs enabled the survival of
individual broods to be monitored (see below).

Only data from birds with chicks were used in the
analyses of golden plover distribution and reproductive
performance. Adults were classified as having chicks if
they showed a characteristic alarm response (Yalden
and Yalden, 1990b). Hatching date was taken as the
date when adults were first observed showing the alarm
response. The minimum fledging age recorded for
golden plover chicks at this site is 34 days (Pearce-
Higgins and Yalden, 2002). Given the frequency of
surveys, all pairs observed alarm-calling for 30 days or
more were considered to have successfully fledged
young. To avoid potential misclassification, pairs were
only considered to have failed if they were observed
alarm-calling for 22 days or less. The remaining 9% of

pairs that could not be classified in this way were
omitted from the analysis of reproductive performance.
This is a reliable method for assessing brood survival as
adult attendance is estimated at 93% during the chick-
rearing period; pairs with chicks were therefore unlikely
to have been missed during the surveys (Yalden and
Yalden, 1990b). Furthermore, the study site encom-
passes a discrete area of suitable breeding habitat and,
as such, pairs that disappeared before their chicks had
reached fledging age (and were thus assumed to have
failed) could not simply have moved their broods away
from the study site.

In addition to the two intensive study periods, a
survey of golden plover distribution was undertaken
annually between 1986 and 1998 during the spring bank
holiday weekend at the end of May. This allowed
changes in golden plover distribution through time to be
examined, specifically with respect to the timing of the
footpath resurfacing work. The methodology was as
described above with the exception that the same route
around the study site was followed each year (Yalden,
2003). Any disturbance caused during the surveys was
uniform across the study site and is therefore unlikely to
have influenced the results of this study.

2.3. Habitat information

To assess the impact of recreational disturbance on
breeding golden plovers accurately, it was first necessary
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to control for the potential confounding influence of
habitat type and topography. Habitat data were ob-
tained from aerial photographs of the study site taken in
1983 and 1998 at a scale of approximately 1:12,000. The
photographs were scanned onto computer, achieving a
resolution of approximately 66 cm? per pixel. The
scanned images were geo-referenced to the British Na-
tional Grid (MapInfo Corporation, 2000) and a 100 m
grid was overlaid. To test for changes in vegetation
cover through time, habitat data from 25, 100 m grid
squares, were compared between the two periods. Grid
squares were selected randomly but selection was strat-
ified with distance from the footpath to include a rep-
resentative sample of habitats. For each 100 m grid
square, the percentage cover of dwarf shrub and cotton
grass were estimated by eye to the nearest 5%. Areas of
bare peat were digitised, allowing percentage cover to be
estimated to the nearest 0.1%. There was no significant
difference between 1983 and 1998 in the percentage
cover of dwarf shrub (» = 0.95, Paired ¢ test: 7 = 1.33,
P = 0.20), cotton grass (r = 0.95, T = 0.89, P = 0.39) or
bare peat (r =097, T =1.76, P =0.09), estimates of
which were highly correlated between the two time pe-
riods. Habitat data for the analyses of golden plover
distribution and reproductive performance were there-
fore obtained from the 1998 photographs only, as these
were of higher quality, allowing the “dwarf shrub”
category to be split into heather, bilberry and crowberry
and allowing the percentage cover of grass (Deschampsia
flexuosa and Nardus stricta) to be estimated. A mature
conifer plantation bordered the eastern side of the study
site; distance from the edge of the plantation was also
calculated for each grid square. The average gradient
and altitude in each grid square was estimated using a
1:25,000 Ordnance Survey map of the study site; the
gradient measurement was based on the number of
contour lines crossed within the 100 m square.

2.4. Statistical analysis

Most (>85%) people crossing the Snake Summit
study site stayed on, or within 200 m of, the Pennine
Way footpath (Yalden and Yalden, 1988; Pearce-
Higgins and Yalden, 1997). Distance from the footpath
was therefore used as an index of human disturbance.
When the Pennine Way was resurfaced in 1994, the
flagstones were laid up to 100 m to the east of the
original route (Fig. 1). As a result, the distance of a
given 100 m grid square from the footpath differed
slightly before and after 1994. The impact of human
disturbance on the distribution and reproductive per-
formance of golden plovers was analysed using data
from the intensive surveys undertaken during the years
1986-1988, when the Pennine Way was unsurfaced, and
1996-1998, after the footpath had been resurfaced.
Each of the 100 m grid squares (590 squares in total)

was given a value of 1 if a golden plover (considered to
be in attendance of a brood) had been recorded in that
square during the chick-rearing period and a value of 0
if no birds had been seen. This was carried out sepa-
rately for weekends and weekdays in each of the 6 years
of the study. These data were then analysed in relation
to a range of explanatory variables using logistic
regression.

With such an analysis, there is potential for a Type |
error as a single pair could be recorded in more than one
grid square. However, although pairs were recorded in a
mean of 4.7 +0.19 grid squares during the chick-rearing
period, there was no significant relationship between the
number of grid squares in which a pair was recorded and
the distance of the territory from the footpath (gener-
alised linear model with year as a fixed effect: Fir3 =
2.57, P = 0.11). Furthermore, when the model was re-
run using the number of pairs recorded in each grid cell
as the dependent variable (rather than simply presence/
absence of golden plovers), the explanatory variables
found to have a significant effect on golden plover dis-
tribution were the same as in the original analysis. To-
gether with the inclusion of an autologistic term in the
model (see below), the use of presence/absence data as
described above was therefore considered a robust
measure of golden plover distribution.

To allow repeated measurements within grid squares
through time to be accounted for in the analysis, the
model had a repeated measures design and an unstruc-
tured covariance matrix (Genmod Repeated procedure,
[SAS Institute Inc., 1997). Fixed effects included in the
initial model were distance from the footpath, day of the
week (i.e., weekend or a weekday; bank holidays were
categorised as weekends), footpath condition (surfaced
or unsurfaced), gradient, altitude, distance from the
plantation and the percentage cover of the six habitat
variables (bare peat, heather, cotton grass, bilberry,
crowberry and grass). Year was included as a nested
effect (nested within “footpath condition”, i.e., 3 years
before the footpath was resurfaced and 3 years following
resurfacing work). First order interactions between dis-
tance from the footpath, day of the week and footpath
condition were also included; the inclusion of interac-
tion terms allowed us to determine if any relationship
between golden plover distribution and distance from
the footpath differed between weekends and weekdays,
and before and after the footpath was resurfaced.

To avoid the possible confounding effects of spatial
autocorrelation, we adopted the approach of Augustin,
Mugglestone and Buckland (1996) by incorporating an
autologistic term in the model. The autocovariate was
calculated using the equation

Ki e
— | WijY)

autocovariate; = # (1)
2 e Wij
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This is a weighted average of the number of occupied
grid squares amongst a set of K; neighbours of grid
square / (the surrounding eight grid squares were used
to calculate the autocovariate in our analysis). The
weight given to square j is Wij = 1/hij where hij is the
straight-line distance between the centres of squares i
and j. The response variable Y was 1 if golden plover
were present and 0 if they were absent. As above, the
autocovariate was calculated separately for weekends
and weekdays in each of the 6 years of the study.

The impact of human disturbance on the reproduc-
tive success of golden plovers was analysed using logistic
regression. Pairs that had hatched chicks were classified
as being either successful or unsuccessful in producing
fledged young. To control for seasonal changes in re-
productive performance, estimated hatching date was
included as a fixed effect in the initial model. The mean
of the values for the six habitat variables from each of
the 100 m grid squares in which the pair was recorded
during the chick-rearing period were also included as a
measure of habitat use. Footpath condition (surfaced or
unsurfaced) and territory location (calculated as the
mean distance of the pair from the footpath during the
chick-rearing period) were included as fixed effects and
year as a nested effect. The mean distance of the pair
from the forest plantation and the interaction between
footpath condition and territory location were also in-
cluded in the initial model.

In both analyses, the maximal model was fitted and
then simplified by step-wise deletion of the least signif-
icant term. This was repeated until the minimum ade-
quate model was attained (i.e., all remaining terms were
significant at the P < 0.05 level). The significance of
interaction terms were assessed first and then main ef-
fects. The success of the minimum adequate model was
assessed using receiver operating characteristics (ROC)
plots (Osborne et al., 2001). This is considered a more
robust approach than simply judging models as suc-
cessful if predicted probabilities >0.5 correspond to
occurrences and values <0.5 with absences, because this
dichotomy is arbitrary and lacks any ecological basis.
The ROC curve is constructed by varying the cutpoint
that determines which predicted probabilities are as-
sumed to be associated with a positive event. A ROC
plot depicts on the y-axis sensitivity, i.e., a/(a +¢) in a
2 x 2 confusion matrix (Kohavi and Provost, 1998) of
the model prediction against the observation. This is
plotted against 1 — specificity, i.e., 1 — (d/(b +d)) from
the same confusion matrix. If the model was no better
than chance at correctly predicting positive events, the
plot would show a line following the positive diagonal,
whereas models that are better than chance will follow a
curve lying in the upper left half. The area under the
ROC curve (AUC) is a measure of overall fit and varies
from 0.5 (for a model with predicted values that are no
better than chance) to 1.0 for a perfect fit.

3. Results
3.1. Golden plover distribution

The population size of golden plovers breeding within
the Snake Summit study area increased twofold during
the course of this study from an estimated 15 breeding
pairs in the late 1980s to 30 breeding pairs in the mid
1990s (Yalden and Pearce-Higgins, 1997 and data from
this study). Habitat type and topography had a signifi-
cant influence on the distribution of golden plovers
within the study area (Table 1(a)). Grid squares were
more likely to be occupied by golden plovers during the
chick-rearing period if they contained a high percentage
cover of bare peat or crowberry. However, there was
evidence that birds avoided grid squares containing a
high percentage cover of heather or grass, and those in
close proximity to the forest plantation. Golden plovers
were also less likely to occupy grid squares on sloping
ground or those at lower altitude. There was no evidence
of spatial autocorrelation in golden plover distribution
using the autocovariate measure (3> =0.8, df=1,
P =0.37).

3.2. Impact of human disturbance on golden plover
distribution

After accounting for the effects of habitat, topogra-
phy and year, there was a significant relationship be-
tween the probability of a grid square being occupied
and its distance from the footpath (Fig. 2). However, the
relationship differed significantly before and after the
footpath was resurfaced (Table 1(a)). At weekends,
prior to the footpath being resurfaced (1986-1988), the
probability of a grid square being occupied decreased
significantly within approximately 200 m of the footpath
(Fig. 2(a)). During the week, there was a more gradual
decline in the probability of a grid square being occupied
with decreasing distance to the footpath (Fig. 2(b)).
However, the difference between weekends and week-
days was not statistically significant (> = 1.9, df=1,
P =0.17). After the Pennine Way had been resurfaced
(1996-1998), the probability of a grid square being oc-
cupied decreased within 50 m of the footpath at week-
ends (Fig. 2(c)) but there was no evidence that golden
plovers avoided areas close to the footpath on weekdays
(Fig. 2(d)).

The AUC value of the final model was 0.78, indi-
cating a good fit between the predicted and observed
distribution of golden plovers (Swets, 1988; Fig. 3(a)).

3.3. Long-term trends in distribution
Data from 1986, 1987 and 1989 were omitted from

the investigation of long-term trends in golden plover
distribution as bad weather had prevented surveys from
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Table 1
Output from logistic regression showing the variables found to have a significant effect on golden plover (a) distribution and (b) reproductive
performance

Variable Estimate SE Va df P

(a) Golden plover distribution

Intercept —-12.301 1.949

Bare peat 0.135 0.048 6.1 1 0.014
Crowberry 0.072 0.022 9.9 1 0.002
Grass —0.188 0.048 15.7 1 <0.001
Heather —-0.122 0.022 23.7 1 <0.001
Distance from forest plantation (m) 0.325 0.036 45.2 1 <0.001
Gradient —-7.426 1.403 22.6 1 <0.001
Altitude (m) 0.019 0.004 26.9 1 <0.001
Distance from footpath (m) —-0.001 0.008 8.7 1 0.003
Day of the week 0.720 0.082 5.3 1 0.021
Year (footpath condition) 51.8 4 <0.001
Footpath condition —-1.460 0.220 82.0 1 <0.001
Distance from footpath x footpath condition 0.043 0.009 19.6 1 <0.001
Day of the week x footpath condition —-0.985 0.161 22.9 1 <0.001
(b) Golden plover reproductive performance

Intercept 2.859 2.076

Date (Julian day) -0.030 0.013 5.9 1 0.015
Crowberry 0.038 0.012 10.7 1 0.001
Year (Footpath condition) 8.3 4 0.080
Footpath condition 1.097 0.597 9.7 1 0.002
Distance from forest plantation (m) 0.231 0.112 4.4 1 0.037

Habitat variables refer to percentage cover. The parameter estimates for the nested variable “year” are not presented.
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Fig. 2. The likelihood of a grid square being occupied by a golden plover in relation to its distance from the Pennine Way footpath. Raw residuals
from a generalised linear model, having controlled for the significant effects of habitat type and topography, are plotted for (a) weekends and (b)
weekdays before the footpath was resurfaced and (c) weekends and (d) weekdays after the footpath was resurfaced. Mean (£SE) residuals at 50 m
(<300 m from path) and 100 m (>300 m from path) intervals are given.



S.K. Finney et al. | Biological Conservation 121 (2005) 53—63 59

Sensitivity

00 "‘ 1 1 1 1 ]

0.0 0.2 0.4 0.6 0.8 1.0
1- Specificity

Fig. 3. Receiver operating characteristics (ROC) plots used to assess
the fit of the logistic regression models describing (a) distribution and
(b) reproductive performance of golden plovers (solid lines). The da-
shed lines indicate the outcome that would be expected if the model
were no better than chance at correctly predicting a positive event.

being carried out during the holiday weekend at the end
of May. Results from the remaining 10 years accorded
well with those obtained from the two intensive survey
periods. There was a significant decrease in the average
distance of golden plovers from the Pennine Way in
1994, which coincided with the footpath being resur-
faced (Generalised Linear Model; > =5.8, df=1,
P =0.016; Fig. 4). The median distance of golden plo-
vers from the footpath during the 5 years (for which
data were available) before the footpath was resurfaced
was 277 m compared to 191 m during the 5 years im-
mediately following the resurfacing work. The possible
confounding influence of changes in population size
through time were accounted for by including an esti-
mate of the number of breeding territories in the initial
model (Yalden and Yalden, 1990b; Yalden and Pearce-
Higgins, 1997). However, there was no significant rela-
tionship between the number of breeding territories and
the median distance of golden plovers from the Pennine
Way (y*> = 2.0, df=1, P = 0.16).
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Fig. 4. Median distance of golden plovers from the Pennine Way
footpath between 1988 and 1998. The total number of birds seen
during each survey is given in parentheses. The dashed line indicates
the time when the footpath was resurfaced. Median distances are
presented as the data did not conform to a normal distribution.

3.4. Impact of disturbance on reproductive performance

There was a significant negative relationship between
hatching date and reproductive performance; pairs with
chicks that hatched late in the season were less likely to
fledge young successfully (Table 1(b)). Pairs were more
likely to have a successful breeding attempt if they were
recorded in grid squares with a high percentage cover of
crowberry. There was a significant positive relationship
between reproductive performance and distance from
the forest plantation; pairs with territories closest to the
plantation were less likely to fledge young (Table 1(b)).
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Fig. 5. Reproductive performance (brood survival) of golden plovers in
relation to the distance of their territory from the Pennine Way foot-
path. Raw residuals from a logistic regression, having controlled for
the significant effects of habitat type and date, are plotted. Mean (+SE)
residuals at 100 m intervals are given.
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The reproductive performance of golden plovers dif-
fered significantly between the two study periods being
68% for the period 1986-1988 and 46% for 1996-1998.
However, there was no evidence of a relationship be-
tween reproductive performance and the distance of the
territory from the footpath (> = 0.1, df=1, P =0.78,
Fig. 5) and no significant interaction between the dis-
tance of the territory from the footpath and footpath
condition (7> = 1.3, df=1, P = 0.26). The AUC value
of the final model was 0.77, indicating a good fit between
observed and predicted reproductive performance
(Swets, 1988; Fig. 3(b)).

4. Discussion

4.1. Influence of habitat on distribution and reproductive
performance

Habitat type had a significant influence on the dis-
tribution of breeding golden plovers at the study site.
During the chick-rearing period, golden plovers were
predominantly found in areas with a high percentage
cover of bare peat and crowberry but avoided areas of
heather or grass. This pattern of habitat use reflects the
distribution of tipulid larvae, caterpillars and beetles,
which are the main prey items in the diet of golden
plover chicks (Whittingham et al., 2001; Pearce-Higgins
and Yalden, 2004). The higher reproductive perfor-
mance amongst pairs found in areas with a high per-
centage cover of crowberry may also reflect the value of
this habitat as a food source for chicks. There was evi-
dence golden plovers avoided grid squares in close
proximity to the forest plantation, a response that has
been recorded previously, both in this species (Buchanan
and Pearce-Higgins, 2002) and in other upland waders
(Stroud et al., 1990). This may be due to an increased
predation risk close to the forest edge (Stroud et al.,
1990; Warren, 2000), as pairs breeding closer to the
plantation had lower brood survival.

4.2. Influence of recreational disturbance on distribution
and reproductive performance

In the 1980s, before the Pennine Way was resurfaced,
the Snake Summit study site received approximately 60
visitors per day at weekends and 20 visitors per day
during the week; areas of moorland adjacent to the
Pennine Way footpath were disturbed for up to 33% of
the day (0900-1800, Yalden and Yalden, 1988). Addi-
tionally, 32% of walkers strayed from the footpath in an
effort to avoid the most severely eroded sections (Yalden
and Yalden, 1988). Movement of people across the
study site was therefore widespread and unpredictable.
This study demonstrates that this level of recreational
disturbance had a significant effect on golden plover

distribution during the breeding season. Golden plovers
tended to avoid areas within 200 m of the footpath
during the chick-rearing period. At weekends, when
disturbance levels were highest, golden plovers were 54%
less likely to occupy areas within 200 m of the footpath
and 62% less likely to occupy areas within 50 m of the
footpath. Furthermore, golden plovers did not appear
to move closer to the footpath on weekdays, when levels
of disturbance were lower. As the study site had open
access, the situation during the 1980s will be similar to
that on many moorlands mapped as open access land
under the CRoW Act, but with a heavily-used footpath
running through it. Although open access moorland
without footpaths crossing them are likely to remain
relatively quiet (Yalden and Yalden, 1988), access
mapping may result in increased disturbance close to
access points, between access points and areas of inter-
est, and along existing footpaths. In such situations, the
results from our study suggest that there would be a
zone of approximately 400 m in width along any well-
used, unsurfaced footpaths where golden plover occu-
pancy would be reduced. However, how the magnitude
of this effect varies with different levels of footpath use
requires further research.

These findings are consistent with those from an
earlier study (Yalden and Yalden, 1989), which used the
alarm-calling behaviour of adult birds to estimate the
sensitivity of golden plovers to visitor disturbance. They
found that the average distance at which adult birds
began alarm-calling in response to an approaching hu-
man was approximately 200 m during the chick-rearing
period. This suggests that for breeding waders, similar
behavioural studies could be used to indicate the dis-
tances from sources of disturbance over which habitat
occupancy is likely to be reduced. For example, response
distances include 75 m for common sandpipers Actitis
hypoleucos (Yalden, 1992), 100 m for New Zealand
dotterels (Lord et al., 2001), and in excess of 1 km for
both curlew Numenius arquata and redshank Tringa
totanus (Yalden and Yalden, 1989). These figures sug-
gest that the impact of increased recreational activity on
breeding waders will vary depending on the sensitivity of
the particular species concerned. For golden plovers, the
avoidance of areas within 200 m of a footpath is unlikely
to be a serious threat in places where a single footpath
crosses a large area of suitable habitat. However, human
disturbance may become a problem in areas where there
is a network of footpaths, particularly if paths are
spaced less than 400 m apart, as this may exclude golden
plovers from otherwise suitable habitat.

Despite the clear behavioural responses of golden
plovers to the presence of visitors, there was no detect-
able impact of disturbance on brood survival. Distur-
bance has the potential to affect brood survival as chicks
often hide in response to their parents alarm calls and
therefore cannot either feed or be brooded; this may be a
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particular problem if disturbance occurs during periods
of bad weather (Yalden and Yalden, 1990a). Further-
more, human disturbance may lead to an increase in
aggressive interactions as birds displaced from an area
are forced into neighbouring territories (Yalden and
Yalden, 1990a) and chicks may also be at greater risk of
predation while the parents are distracted (Anderson,
1988; Liley, 1999). Our findings are however consistent
with several previous studies, which have shown that a
strong behavioural response to human disturbance does
not necessarily lead to reduced reproductive perfor-
mance (Mueller and Glass, 1988; Gill et al., 2001a).
However, it must be remembered that reproductive
performance in our study was measured in terms of
whether entire broods survived or failed. Differences in
hatching success or the number of fledglings produced
would therefore not have been detected. Further, the
study site has relatively few predators (Pearce-Higgins
and Yalden, 2003) and we cannot rule out the possibility
that disturbance may increase the probability of eggs or
chicks being predated in other situations (e.g. Liley,
1999).

The area around the Pennine Way that was avoided
by breeding golden plovers fell from 200 m before the
footpath was resurfaced to just 50 m following the re-
surfacing work. Golden plovers were 24% less likely to
occupy areas within 50 m of the footpath at weekends,
but did not appear to avoid areas close to the footpath
on weekdays. These changes occurred despite a twofold
increase in the number of people visiting the Snake
Summit study site over the same period (Pearce-Higgins
and Yalden, 1997). We found no evidence that the in-
crease in the population size of golden plovers at Snake
Summit during the course of this study, thought to be
linked to a series of mild winters (Yalden and Pearce-
Higgins, 1997), influenced the distribution of golden
plovers in relation to the Pennine Way footpath. The
reduction in the area avoided by golden plovers was
therefore most likely due to the change in visitor be-
haviour following the resurfacing work (Pearce-Higgins
and Yalden, 1997). After the Pennine Way was resur-
faced, over 96% of walkers stayed on the newly laid
flagstones and it is possible that birds were able to ex-
ploit habitat closer to the footpath as people followed a
narrower and more predictable route across the study
site. This is further supported by evidence from the long-
term study of golden plovers at this site. Annual surveys
during the breeding season showed a steep decline in the
average distance of golden plovers from the Pennine
Way in 1994, which coincided with the footpath being
resurfaced. In line with these results, there was no de-
tectable impact of recreational disturbance on repro-
ductive performance following the resurfacing work.

When the Countryside and Rights of Way Act is fully
implemented in 2005 (Countryside Agency, 2002), peo-
ple will have the right to access any areas mapped as

open access land under the Act. The results from our
study suggest that an increase in recreational activity
could have an adverse impact on breeding golden plo-
vers, and potentially other upland waders, by reducing
the availability of suitable chick-rearing habitat, but
that this is most likely to occur in extreme situations,
such as at Snake Summit, where there is very high visitor
pressure. From a conservation perspective, such reduc-
tion in habitat use is only important if it impacts on the
breeding density or reproductive performance of the
species concerned and hence causes the population to
decline (Gill et al., 1996). Given the mean home-range
size of broods at Snake Summit of 41 ha (Pearce-Hig-
gins and Yalden, 2004), it is likely that the 54% drop in
occupancy within 400 m of the Pennine Way (an area
equivalent to 29% of the study site), was sufficient to
reduce breeding density at Snake Summit during the
1980s. This contention is supported by use of the model
to predict abundance across the study area in the ab-
sence of the footpath. In situations where recreational
disturbance has an adverse impact on breeding density
or performance, our findings show that such impacts
can be significantly reduced by providing defined access
points, a clear route and an easy surface on which to
walk, thereby encouraging visitors to remain on a linear
route. In this way, landowners who are concerned about
increasing recreational activity on their land as a result
of the open access legislation could use waymarked
paths to direct people away from sensitive areas. How-
ever, paths need to be well maintained and should be
located far enough apart so as not to prohibit birds
using the intervening habitat. In the absence of further
research on other species, we suggest the use of alarm-
calling distances (cf. Yalden and Yalden, 1989) and
home-range sizes as a guide, with the spacing of paths
sufficient to allow territories to exist undisturbed be-
tween paths.

The provision of waymarked, surfaced paths may
also be effective in other situations where recreational
disturbance is a problem for wildlife, particularly en-
dangered breeding waders for which the results from
this study are most directly applicable. Such an ap-
proach is most likely to be effective where footpaths
significantly improve the ease of walking compared to
the surrounding terrain, and can be routed to encom-
pass sufficient areas of interest that will satisfy most
visitors. In many situations, this is likely to be a more
publicly acceptable option than the use of formal access
restrictions or closure as a measure to protect important
wildlife sites. Where disturbance is located along narrow
linear habitats, such as shorelines that some waders use
for breeding (e.g. Yalden, 1992; Liley, 1999), then al-
ternative management options such as sanctuaries may
be required, particularly where there are demonstrable
population level impacts arising from disturbance
(Liley, 1999).
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Appendix A

The reliability of using individual differences in ven-
tral colouration to attribute behavioural observations to
particular pairs was assessed by comparing the results
obtained using this method with those obtained from 21
pairs where at least one bird had been uniquely colour-
ringed. This analysis was based on data collected during
1996-1998, when birds were first colour-ringed at this
site (Yalden and Pearce-Higgins, 2002). There was no
significant difference between ringed and unringed pairs
in the number of days recorded alarm-calling (general-
ised linear model: Fj;g; = 2.49, P = 0.12), the distance
moved between successive surveys (generalised linear
mixed model, including “brood” as a random effect:
Fis59 =2.52, P =0.11) or the outcome of the breeding
attempt (Logistic regression: x> =3.35, df=2, P=
0.19). The use of variable plumage colouration to at-
tribute behavioural observations to particular pairs was
therefore considered a reliable method for monitoring
brood survival.

References

Anderson, D.W., 1988. Dose-response relationships between human
disturbance and brown pelican breeding success. Wildlife Society
Bulletin 16, 339-345.

Andersen, R., Linnell, J.D.C., Langvatn, R., 1996. Short term
behavioural and physiological response of moose Alces alces to
military disturbance in Norway. Biological Conservation 77, 169—
176.

Augustin, N.H., Mugglestone, M.A., Buckland, S.T., 1996. An
autologistic model for the spatial distribution of wildlife. Journal
of Applied Ecology 33, 339-347.

Bolduc, F., Guillemette, M., 2003. Human disturbance and nesting
success of common eiders: interaction between visitors and gulls.
Biological Conservation 110, 77-83.

Buchanan, G.M., Pearce-Higgins, J.W., 2002. Predicting the distribu-
tion of golden plovers Pluvialis apricaria at two spatial scales. In:
Chamberlain, D., Wilson, A. (Eds.), Avian Landscape Ecology:

Pure and Applied Issues in the Large-scale Ecology of Birds, IALE
(UK), Colin Cross Printers Ltd., Garstang, pp. 118-125.

Burger, J., Gochfield, M., Niles, L.J., 1995. Ecotourism and birds in
coastal New Jersey: contrasting responses of birds, tourists and
managers. Environmental Conservation 22, 56-65.

Byrkjedal, 1., Thompson, D.B.A., 1998. Tundra Plovers. T&AD
Poyser, London, UK.

Countryside Agency, 2002. New Rights, New Responsibilities. The
Countryside Agency, Leaflet, CA, 65.

Frid, A., Dill, L., 2002. Human-caused disturbance stimuli as a form
of predation risk. Conservation Ecology, vol. 6, Article number 11.

Gill, J.A., Norris, K., Sutherland, W.J., 200la. Why behavioural
responses may not reflect the population consequences of human
disturbance. Biological Conservation 97, 265-268.

Gill, J.A., Norris, K., Sutherland, W.J., 2001b. The effects of
disturbance on habitat use by black-tailed godwits Limosa limosa.
Journal of Applied Ecology 38, 846-856.

Gill, J.A., Sutherland, W.J., Watkinson, A.R., 1996. A method to
quantify the effects of human disturbance on animal populations.
Journal of Applied Ecology 33, 786-792.

Goodrich, J.M., Berger, J., 1994. Winter recreation and hibernating
black bears Ursus americanus. Biological Conservation 67, 105-
110.

Kohavi, J., Provost, F., 1998. In: Special Issue on Applications of
Machine Learning and the Knowledge Discovery Process (Guest
Eds.), Machine Learning, vol. 30, p. 2/3.

Leseberg, A., Hockey, P.A.R., Loewenthal, D., 2000. Human distur-
bance and the chick-rearing ability of African black oystercatchers
Haematopus moquini: a geographical perspective. Biological Con-
servation 96, 379-385.

Liley, D., 1999. Predicting the consequences of human disturbance,
predation and sea-level rise for ringed-plover population size.
Ph.D. Thesis, University of East Anglia, UK.

Lord, A., Waas, J.R., Innes, J., 1997. Effects of human activity on the
behaviour of northern New Zealand dotterel Charadrius obscurus
chicks. Biological Conservation 82, 15-29.

Lord, A., Waas, J.R., Innes, J., Whittingham, M.J., 2001. Effects of
human approaches to nests of northern New Zealand dotterels.
Biological Conservation 98, 233-240.

Maplnfo Corporation, 2000. Maplnfo Professional 6. Maplnfo
Corporation, Troy, NY, USA.

Mueller, A.J., Glass, P.O., 1988. Disturbance tolerance in a Texas
waterbird colony. Colonial Waterbirds 11, 119-122.

Nudds, R.L., Bryant, D.M., 2000. The energetic cost of short flights in
birds. Journal of Experimental Biology 203, 1561-1572.

Osborne, P.E., Alonso, J.C., Bryant, R.G., 2001. Modelling landscape-
scale habitat use using GIS and remote sensing: a case study with
great bustards. Journal of Applied Ecology 38, 458-471.

Papouchis, C.M., Singer, F.J., Sloan, W.B., 2001. Responses of desert
bighorn sheep to increased human recreation. Journal of Wildlife
Management 65, 573-582.

Peak Park Joint Planning Board, 1988. Visitor survey 1986/87. Peak
National Park, Bakewell, UK.

Pearce-Higgins, J.W., Yalden, D.W., 1997. The effect of resurfacing
the Pennine Way on recreational use of blanket bog in the Peak
District National Park, England. Biological Conservation 82, 337—
343.

Pearce-Higgins, J.W., Yalden, D.W., 2002. Variation in the growth
and survival of golden plover Pluvialis apricaria chicks. Ibis 144,
200-209.

Pearce-Higgins, J.W., Yalden, D.W., 2003. Golden plover Pluvialis
apricaria breeding success on a moor managed for shooting red
grouse Lagopus lagopus. Bird Study 50, 170-177.

Pearce-Higgins, J.W., Yalden, D.W., 2004. Habitat selection, diet,
arthropod availability and growth of a moorland wader: the
ecology of European Golden Plover Pluvialis apricaria chicks. Ibis
146, 335-346.



S.K. Finney et al. | Biological Conservation 121 (2005) 53—63 63

Porter, M., 1989. Pennine Way Management Project: Second Annual
Report. Peak District National Park Report.

Ratcliffe, D., 1991. Bird Life of Mountain and Upland. Cambridge
University Press, Cambridge, UK.

Reby, D., Cargnelutti, B., Hewison, A.J.M., 1999. Contexts and
possible functions of barking in roe deer. Animal Behaviour 57,
1121-1128.

SAS Institute Inc., 1997. SAS Release 6.12. Cary, NC, USA.

Stroud, D.A., Reed, T.M., Harding, N.J., 1990. Do moorland
breeding waders avoid plantation edges? Bird Study 37, 177-
186.

Swets, J., 1988. Measuring the accuracy of diagnostic systems. Science
240, 1285-1293.

Thompson, D.B.A., MacDonald, A.J., Marsden, J.H., Galbraith,
C.A., 1995. Upland heather moorland in Great Britain: a review of
international importance, vegetation change and some objectives
for nature conservation. Biological Conservation 71, 163-178.

Verboven, N., Ens, B.J., Dechesne, S., 2001. Effect of investigator
disturbance on nest attendance and egg predation in Eurasian
Oystercatchers. The Auk 118, 503-508.

Warren, C., 2000. Birds, bogs and forestry revisited: the significance of
the flow country controversy. Scottish Geographical Journal 116,
315-337.

Weimerskirch, H., Shaffer, S.A., Mabille, G., Martin, J., Boutard, O.,
Rouanet, J.L., 2002. Heart rate and energy expenditure of
incubating wandering albatrosses: basal levels, natural variation,
and the effects of human disturbance. Journal of Experimental
Biology 205, 475-483.

Whittingham, M.J., Percival, S.M., Brown, A.F., 1999. Evaluation of
radiotelemetry methods in measuring habitat choice by young
golden plover Pluvialis apricaria chicks. Bird Study 46, 363-368.

Whittingham, M.J., Percival, S.M., Brown, A.F., 2001. Habitat
selection by golden plover Pluvialis apricaria chicks. Basic and
Applied Ecology 2, 177-191.

Yalden, D.W., 1992. The influence of recreational disturbance on
common sandpipers Actitis hypoleucos breeding by an upland
reservoir, in England. Biological Conservation 61, 41-49.

Yalden, D.W., 2003. A century of wader studies. Not quite, but it
should be!. Wader Study Group Bulletin 100, 212-215.

Yalden, D.W., Pearce-Higgins, J.W., 1997. Density-dependence and
winter weather as factors affecting the size of a population of
golden plovers Pluvialis apricaria. Bird Study 44, 227-234.

Yalden, D.W., Pearce-Higgins, J.W., 2002. The trapping of golden
plovers using a simple walk in trap. Wader Study Group Bulletin
55, 19-20.

Yalden, D.W., Yalden, P.E., 1988. The level of recreational pressure
on blanket bog in the Peak District National Park, England.
Biological Conservation 44, 213-227.

Yalden, D.W., Yalden, P.E., 1989. The sensitivity of breeding golden
plovers Pluvialis apricaria to human intruders. Bird Study 36, 49—
55.

Yalden, P.E., Yalden, D.W., 1990a. Recreational disturbance of
breeding golden plovers Pluvialis apricaria. Biological Conserva-
tion 51, 243-262.

Yalden, D.W., Yalden, P.E., 1990b. Efficiency of censusing golden
plovers. Wader Study Group Bulletin 62, 32-36.



	The effect of recreational disturbance on an upland breeding bird, the golden plover Pluvialis apricaria
	Introduction
	Methods
	Study site
	Survey methodology
	Habitat information
	Statistical analysis

	Results
	Golden plover distribution
	Impact of human disturbance on golden plover distribution
	Long-term trends in distribution
	Impact of disturbance on reproductive performance

	Discussion
	Influence of habitat on distribution and reproductive performance
	Influence of recreational disturbance on distribution and reproductive performance

	Acknowledgements
	Appendix A
	References


