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Abstract

Promotion of recreational access is an important strategy that helps to impart conservation values to wetlands and aids in fos-
tering sustainable employment for local communities who live in close proximity to wildlife habitats. Unregulated recreational
vehicles in coastal wetlands can cause detrimental impacts on coastal avifauna. There is a dearth of information especially in
the South Asian context on the impact of recreational disturbance to waterbirds that can inform the management of wetland
destinations. This study examined the response of selected water birds to motor vehicles using multispecies experimental
disturbance trials conducted at Bundala National Park, Sri Lanka; a Ramsar-listed wetland of global importance. The selected
species had significantly different sensitivities to disturbance caused by motor vehicles (log-rank test, X2= 51.7, P<0.05).
The probability of a bird responding to a moving vehicle parallel to the bird at a distance of 75 m was greater than 0.6 for all
selected species (Calidris minuta, Charadrius alexandrinus, Himantopus himantopus, Limosa limosa, Platalea leucorodia
and Mycteria leucocephala) except Hydroprogne caspia. Resting birds appeared to be more affected by recreational distur-
bance when compared to foraging birds. Larger birds (height of adult bird: 80-105 cm) were more sensitive to recreational
stimuli, compared to smaller birds (10-20 cm). In general, responses of birds for recreational stimuli, were prominent up
to 100 m from the source. Selected waterbirds showed longer response distances in habitats exposed to high vehicle traffic
activity suggesting possible habituation of birds to recurring disturbance. Our findings suggest a minimal setback buffer of
100 m needs to be employed to manage recreational disturbance from motor vehicles at Bundala National Park.
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A disruption to normal behavioral and physiological
activities or states caused by the response of a bird to the
presence of a stimulus is described as a ‘disturbance’ in the
literature (Fox and Madsen 1997; Weston et al. 2012; Wes-
ton 2019). A diverse range of natural and anthropogenic
stimuli can disturb birds. Typical behavioral responses by
birds to such external stimuli include vigilance (i.e. the bird
stopping its current activity to monitor its surrounding) and
flight responses (Fernandez-Juricic et al. 2001; Glover et al.
2011; Weston et al. 2012; Chatwin et al. 2013). Tourism in
natural areas is known to cause such disturbance to birds
(Alwis et al. 2016; Radkovic et al. 2019; Slater et al. 2019),
with shorebirds especially vulnerable to human disturbance
because of their size, behaviors, and attraction for birders
(Muttagien et al. 2015; Kutzner 2019; Newsome and Simp-
son 2020). It has been argued that birds perceive humans
or moving vehicles as predators and this elicits behavioral
responses that can have detrimental consequences (McLeod
et al. 2013; Guay et al. 2014; Bernard et al. 2018).

Recreational disturbance in coastal environments causes
birds to leave their habitats temporarily or permanently poten-
tially resulting in significant negative impacts at the individual,
population, and community level (Fernandez-Juricic and Tell-
erfa 2000; Mallord et al. 2007; Newsome et al. 2013; Alwis
et al. 2016). Critical issues documented include alteration
(reduction) of foraging behavior and habitat use (Moore 2014;
Martin et al. 2015; Stigner et al. 2016; Monti et al. 2018). A
systematic review by Marasinghe et al. (2020) identified the
presence of humans/foot traffic, exercising pet dogs, operation
of motor vehicles, and recreational boating as the most com-
monly reported sources of disturbance to shorebirds in tropical
Asia. Numerous studies have reported a significant correlation
between higher vehicle traffic and reduced species richness and
abundance of birds in coastal habitats (Marcum 2006; Tarr
et al. 2010; Steven et al. 2011; Schlacher et al. 2013a; Ramli
and Norazlimi 2017). The movement and sound of motor vehi-
cles can induce vigilance and escape behaviors in birds and
cause displacement of birds from their preferred feeding and
roosting sites, forcing them to spend considerable amounts of
their energy budget avoiding human recreational disturbance
(Meager et al. 2012; Ortega 2012; Helldin et al. 2013; Palia
2018).

Vehicular access can cause direct mortality of birds as
a result of crushing/trampling nests of beach-dwelling bird
species (Hockin et al. 1992; Williams et al. 2004; Kearvell
2011; Weston et al. 2012; Schulte and Simons 2015), eggs
(Melvin et al. 1994; Weston et al. 2012), chicks (McGowan
2004; Williams et al. 2004; McGowan and Simons 2006;
Weston et al. 2012; Schulte and Simons 2015) and adult
birds due to collisions with vehicles (Tarr et al. 2010;
Schlacher et al. 2013b). Motor vehicular traffic may also neg-
atively affect the nesting success of shorebirds (McGowan
and Simons 2006; Tarr et al. 2010; van Polanen Petel and
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Bunce 2012; Maslo et al. 2018). Nonetheless, different bird
species show differential responses to recreational distur-
bance and certain avian species are capable of tolerating
greater degrees of disturbance (Marcum 2006; Gill 2007;
Cardoni et al. 2008; Weston et al. 2012). The nature or type
of disturbance and the distance from the source of distur-
bance to the bird have been reported as important determi-
nants of birds’ response to human recreational disturbance
(Pease et al. 2005; Ruddock and Whitfield 2007; Jorgensen
et al. 2016; French et al. 2019). Hence, an in-depth under-
standing of such phenomena has essential implications in the
management of recreation in coastal habitats (Weston et al.
2012; Guay et al. 2016).

In theory, well-managed ecotourism may involve setting
scientifically based operational guidelines such as defining
visitor access zones and set-back distances to reduce nega-
tive impacts on the environment and wildlife and to manage
recreational disturbance (Guay et al. 2019). Stakeholder con-
sultation is also important, encouraging involvement in man-
agement, educational programs and interpretation to create
experiences that inculcate positive environmental attitudes
and human behaviors (Newsome et al. 2013; Chatwin et al.
2013). For ecotourism operations in coastal habitats, especially
those based on birdwatching, to be sustainable, it is important
that key biodiversity features (i.e. the bird populations inhabit-
ing coastal environments) are maintained. Hence, managing
recreational disturbance to birds should be prioritized in any
coastal habitat management agenda. Previous studies sug-
gest a variety of management actions such as limiting vehicle
access (Yosef 2000; Yasué and Dearden 2006; Borneman et al.
2016), limiting access points (Meager et al. 2012), temporal
and spatial zoning/creation of spatial refuges (Schlacher et al.
2013a, b; DeRose-Wilson et al. 2018), temporary/seasonal clo-
sure during important periods for birds such as the breeding
season (Pease et al. 2005; Weston et al. 2014) and educat-
ing drivers about the impact of vehicles on birds (Petch et al.
2018). Among those, establishing set-back distances or buff-
ers is one of the widely accepted and successful approaches
to minimize the impacts of motor vehicles on birds in coastal
habitats (Defeo et al. 2009; Borgmann 2010; Glover et al.
2011; Schlacher et al. 2013b; Choi et al. 2015; Hillman et al.
2015; Coetzer and Bouwman 2017).

Although the response of forest birds to various anthro-
pogenic disturbance has been examined by previous research
(Goodale et al. 2014, 2015; Alwis et al. 2016; Perera et al.
2017), no studies have attempted to understand the response
of wetland birds to recurring recreational disturbances in
the Sri Lankan context. Hence, the main objective of this
study was to determine the responses of selected waterbirds
to recreational disturbance from motor vehicles at the Bun-
dala National Park in the south coast of Sri Lanka; a globally
important Ramsar wetland and a highly popular destination
for birdwatching. Specifically, we wanted to determine the
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agitation distance (the distance at which a vigilance response
is initiated) of selected wetland birds to approaching motor
vehicles under different circumstances, such as during differ-
ent bird behavioral conditions (feeding and resting), vehicle
speeds, degree of motor traffic, and body size of birds. Given
that tourist/recreational access at BNP is only via vehicular
access, our intention was to provide further data to assist man-
agement in the setting of appropriate management actions to
reduce vehicular recreational impacts on wetland birds at an
important conservation reserve and tourism site in Sri Lanka.

Methodology
Study location

This study was carried out at the Bundala National Park
(BNP), a premier wildlife tourism destination for bird-
watching. BNP, which is 6216 ha in extent (DWC 2008),
is located on the coast of Hambantota District in Southern
Province, Sri Lanka (Fig. 1). BNP and the Wilmenna Sanc-
tuary (3333 ha) bordering the northern boundary of the BNP
together form a unique ecosystem comprising of coastal wet-
land habitats, which are important for migratory and native
avifauna (DWC 2008). As such, BNP has been recognized
as a Wetland of International Importance as defined by the
Ramsar Convention for the conservation and sustainable
use of wetlands (DWC 2008). Three topographic zones
can be identified within BNP, (1) beach and sand dunes,
(2) outer coastal plains with lagoons, and (3) inner coastal
plains (DWC 2008). BNP lies in the dry zone, with a mean
annual temperature of 27° C and mean annual rainfall rang-
ing between 900 and 1300 mm (DWC 2008). BNP has rich
biodiversity comprising of 185 plant species, 29 mammal
species, 26 reptile species, 29 fish species, 13 amphibian
species, and 52 butterfly species (Bambaradeniya et al. 2002;
DWC 2008). However, avifaunal diversity is the key biodi-
versity feature of tourism importance. Approximately 50%
of Sri Lanka’s 240 breeding resident bird species and 21%
of 213 migratory bird species are recorded in the BNP and
sanctuary (DWC 2008; MOE 2012). Out of these, nearly
50% of the total bird species are aquatic or aquatic associ-
ates, making BNP and the sanctuary one of the critically
important sites for aquatic bird conservation in Sri Lanka.

Selection of sampling locations

Field observations were carried out at six sampling loca-
tions inside the BNP (Fig. 1). Sampling locations were
selected based on the abundance of waterbirds and proxim-
ity to designated access trails used by motor vehicles. Vis-
ibility was a key factor considered in selecting the sampling
locations and the observation points were selected to have

a clear horizontal visual range exceeding 200 m. At each
visual horizontal landscape, the boundaries of main habitats
were identified (i.e. terrestrial, terrestrial-aquatic interface,
and aquatic). Natural landmarks (such as trees and rocks/
boulders on the ground) and wooden pegs placed at 25 m
intervals from the edge of the trail were used as distance
indicators from the trail to the target bird to aid the estima-
tion and verification of horizontal distance measurements.

Visitors use either safari jeeps or private vehicles that are
suitable for use inside the park for birdwatching and wildlife
observation. Descriptors for the intensity and impact of rec-
reational disturbances caused by motor vehicles are known
to vary (Monz et al. 2016; Spaul and Heath 2017; Marasin-
ghe et al. 2020). In this study, we defined recreational dis-
turbance in terms of the speed of vehicles and the degree of
traffic (frequency of disturbance). Accordingly, the six sam-
ple sites were categorized as low traffic (<2 motor vehicles
per hour; Sites 5 and 6), moderate traffic (2-5 motor vehicles
per hour; Sites 3 and 4), and high traffic (5 > motor vehicles
per hour; Site 1 and 2) based on baseline data/observations
made during a pilot study conducted at same sites prior to
experimental studies.

Field techniques

During the period between April 2017 and April 2019, water-
birds at the sampling sites were experimentally disturbed by
moving a single off-road motor vehicle at different speeds to
record responses of waterbirds. We conducted experimental
trials instead of observing the responses of waterbirds to regu-
lar vehicle movements in the park to standardize the condi-
tions (e.g. eliminate possible bias due to varying noise levels,
colour and size of the vehicle) under which the observations
were made, and to ensure consistency and accuracy of obser-
vations (Bellefleur et al. 2009; Chatwin et al. 2013). The dis-
turbance vehicle traveled along the designated road to emulate
regular vehicle movement in the park instead of driving the
vehicle towards birds to induce a response.

The distance at which a bird shows a visible vigilance
response to a disturbance is synonymously referred to as
Alarm Initiation Distance, Alert Distance or Agitation Dis-
tance (Dandenong Valley Authority 1979; Chatwin et al.
2013; Weston 2019). Accordingly, the distance that the first
bird in the group or an individual ‘targeted’ bird showed a
visible response to the approaching vehicle (Agitation Dis-
tance: AD) was measured using a Nikon Forestry Pro (Nikon
Corporation, Tokyo, Japan) laser rangefinder. Activities that
differed from normal foraging and resting behaviors such
as alertness, standing up more erect, lifting head, scanning
around, vocalizing, move away from the point, leaving the
area, were characterized as visual responses for the recrea-
tional disturbance (Chatwin et al. 2013). When any of these
responses occurred, the vehicle was stopped and the distance
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Fig. 1 Location map of Bundala National Park

to the agitated bird was measured by the observer in the
vehicle. During the pilot trials, the observers were trained to
take measurements using a laser range finder as well as esti-
mating the distance to a bird (eye estimation within + 10 m
accuracy) (Schlacher et al. 2013b), as measuring distance
with a laser range finder was not always feasible when a
large group of birds were present. Observations were made
for approximately eight hours per day from 6.00 to 10.00 h
and 14.00 to 18.00 h, when birds were more abundant in the
sampling locations. Experimental disturbances were carried
out under 3-speed regimes at each location: the vehicle mov-
ing at a speed of 10 km/h, 20 km/h, and 30 km/h parallel to
the bird from a starting distance of 200 m. Experimental

@ Springer

disturbance trials were carried out when no other vehicles
were present at the selected sites.

We targeted selected waterbird species in both single spe-
cies flocks and mixed species flocks (Linley et al. 2020). We
considered only the events of experimental disturbance caused
by the vehicle. Events, where the target bird/group of birds
were disturbed by other external stimuli such as natural envi-
ronmental factors (e.g. strong winds and rain), behaviors of a
neighboring bird, over flight of a bird of prey (e.g. Brahminy
kite - Haliastur indus; White-bellied sea eagle - Haliaeetus
leucogaster, Grey-headed fish eagle - Ichthyophaga ichthy-
aetus) or approach of other potential predators (e.g. Golden
jackal - Canis aureus, Saltwater crocodile - Crocodylus
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porosus), were not considered. In such cases, the disturbance
vehicle left the scene and returned after a minimum interval
of 30 min to allow the birds to resume their normal activities.
The targeted birds were not disturbed more than once per day
to minimize habituation to the recreational disturbance.

Data analysis

In our study, the response to a disturbance was considered as the dis-
crete event of interest. The agitation distance (AD) was measured
from the source of disturbance to a focal bird/group of birds. Note that
AD is positive-valued and may not be fully observable (i.e. censored
or incomplete observations). Hence, Survival Analysis techniques
were utilized to analyze the data related to AD since Survival Analy-
sis techniques are required to handle censored or incomplete data (e.g.
see Cox 1972). Hence, using Survival Analysis techniques, we inves-
tigated the survival function, the probability of responding at a dis-
tance beyond d, denoted by S(d) (ref. Eq. (2)), hazard of responding at
distance d denoted by h(d) (ref. Eq. (3)) and how different covariates
considered affect these functions through various survival models.

To estimate the survival function, a nonparametric approach
was followed as it does not make any distributional assumptions.
Hence, the Kaplan Meier (KM) estimator (Kaplan and Meier
1958) was utilized to determine the probability of response of
waterbirds beyond a certain distance from the source of dis-
turbance under different scenarios. This technique has been
widely used in recreational disturbance studies to model the
time or distance to a discrete event when there are events of
no response (Lawless 2002; Collop 2017; Scarton 2020). KM
Survival curves for AD were plotted and investigated for birds
who are experiencing different levels of disturbance.

Hazard rate

Suppose that the main random variable of interest, the agita-
tion distance (AD) is denoted by D. Then, by definition the
probability density function of D is

P(Responding within(d, d + Ad)distance)
Ad

fd)= lim ey
where Ad is the next delta distance and d € [0, o). The sur-
vival function of AD is defined as the complement of the
cumulative distribution function F(d)=P(D <d) and hence:

S(d) = P(responding after distance d) = P(D > d) = 1 — F(d).

2

The hazard function of AD, i.e. the hazard of responding,
can be defined as follows (e.g. see Lee and Wang 2003):

nay =19 _

P(Responding within(d, d + Ad) distance given that the bird has not responded by distance d)

where Ad is the next delta distance and d € [0, ).

Cox proportional hazards (Cox PH) model

We used Cox PH model (Cox 1972) to investigate the AD of

selected waterbird species depending on different covariates

(e.g. species, type of behaviour, traffic level, body size of

the birds and speed of the approaching vehicles). This is a

non-parametric model which does not assume any distribu-

tion for the time-to-event random variable concerned (AD).
Model formula:

h(dX) = hy(d)exp(y, bX)) @

where X, fori =1, ..., p are the covariates (and/or associ-
ated indicator variables) in the model, b, fori =1, ..., p are
their coefficients, i(d|X) is the hazard rate in the presence of
covariates in the model and £ (d) is the baseline hazard rate;
i.e. the hazard rate when all the covariates in the model are
in their reference category in this study. Hence, coefficient
of a dichotomous/polychotomous r.v. (ordinal or nominal r.v.
with k levels/categories) can be interpreted as follows, when
the other variables are held constant:

— If exp(b;) > 1, then the hazard of responding for a bird
belonging to the i category is exp(b;) times greater than
the hazard of responding for a bird belonging to the refer-
ence category.

— If exp(b;) < 1, then the hazard of responding for a bird
belonging to the i category is exp(b,) times the hazard
of responding of a bird belonging to the reference cat-
egory. Hence, the hazard of responding for a bird belong-
ing to the i category is (1-exp(b;))100% lower than the
hazard of responding for a bird belonging to the reference
category.

— If exp(b,) £ 1, then the hazard of responding for a bird
belonging to the i category is approximately equal to the
hazard of responding for a bird belonging to the reference
category. Such coefficients will be shown as insignificant
(p-value of the corresponding Wald’s test > the level of
significance considered).

We made two assumptions in fitting Cox PH model:
(1) Proportional hazards assumption: Hazard functions

of different birds are assumed to be proportional and
independent of distance; i.e. ratio of hazard functions

3

s(d)  4d>0

Ad
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of twow birds with different covariate values is constant
(does not vary with distance). Validity of the assump-
tion is tested through a Schoenfeld residual analysis.

(2) Each covariate makes a linear contribution to the
model; i.e. Log hazard and the quantitative covariates
are in a linear relationship. Validity is tested through a
martingale residual analysis.

In our study we do not have any quantitative covari-
ates. Hence, the second assumption has not been made and
hence not required to be tested. The analysis was primarily
conducted using RStudio (RStudio Team 2020) and IBM®
SPSS® Statistics 20 software.

Stratified Cox PH (SCox PH) model

As a remedy for the violation of proportional hazards
assumption for some covariates in some models, stratified
Cox PH models were fitted. This resulted in a set of models
with significantly better goodness of fit which was evaluated
through Akaike Information Criterion (AIC). The lower the
AIC, the higher the goodness of fit of a model.

The Cox PH model assumed that the ratio of the response
hazard functions of any two birds with different covariate
values is constant. Cox’s model can be generalized using
the concept of stratification (Kalbfleisch and Prentice 1980)
when this assumption is not met. It adjusts the model param-
eters considering the fact that different hazard functions exist
for different levels in the stratifying variable. For example,
if the stratifying variable consists of k number of levels then
the model can be written as follows:

Model formula:

" bx ) )

=1

h(d|X) = ho(dexp( Y.

where j=1,...,kX; for i=1,...,p are the covariates
(and/or associated indicator variables) in the model, b; for
i=1,...,pare their coefficients,h;(d|X) is the hazard func-
tion of the jth category of the stratifying variable in the pres-
ence of covariates in the model and hy(d) is the baseline
hazard rate function of the jth category of the stratifying
variable when all the other covariates in the model are in
their reference category.

The sensitivity of species to recreational
disturbance from motor vehicles

Species sensitivity was analyzed by using AD as the
response variable for the waterbird species with suf-
ficient observations. Accordingly, agitation distances
of foraging and resting birds: Little stint (Calid-
ris minuta), Kentish plover (Charadrius alexandri-
nus), Black-winged stilt (Himantopus himantopus),
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Black-tailed godwit (Limosa limosa), Eurasian spoon-
bill (Platalea leucorodia), and Painted stork (Mycte-
ria leucocephala) to a vehicle moving at a speed of
10 km/h, were analyzed. Only the disturbance events of
resting Caspian tern (Hydroprogne caspia) were con-
sidered for the analysis, since foraging activities of this
species couldn’t be captured by using our methods, as
it is an aerial forager.

Agitation probability and the frequency
of recreational disturbances in the habitat

Since response of birds could possibly depend on the previ-
ous exposure to human disturbances (Livezey et al. 2016;
De Blocq Van Scheltinga 2017), Kaplan-Meier analysis was
performed for agitation distances of selected waterbird spe-
cies in high, medium, and low vehicle traffic habitats/sam-
pling sites. Only the disturbance events by a vehicle moving
at 10 km/hour were considered in the analysis as the sample
size of disturbance trials conducted by a vehicle moving at
20 km/h and 30 km/h speeds were less than the minimum
sample size requirements for reliable Kaplan-Meier estimate
(Akbar et al. 2009; Che 2014).

Effect of body size of birds on agitation

It is suggested in the literature that there is a positive cor-
relation between body size and response/flight initiation
distance of bird species (Fernandez-Juricic et al. 2002;
Blumstein 2006; Weston et al. 2012). To investigate the
differential responses of bird species of different body
sizes, the birds subjected to recreational disturbances
were categorized into three body size classes based on
the height of adult birds i.e. small (10-20 cm), medium
(35-45 cm), and large (80-105 cm) (Harrison 2011).
Pooled data under three body-size categories were then
analyzed to determine the probability of agitation of
birds of each body size class with the distance from the
source of the disturbance. Only the disturbance events at
the vehicle moving at 10 km/hour were used due to insuf-
ficient sample sizes according to 20 km/h and 30 km/h
speeds. Since the focus of the work is also on the man-
agement of recreational disturbance on waterbirds, phy-
logenetically controlled analyses were not attempted
(Slater et al. 2019).

Effect of speed of vehicles on agitation

The response distance of birds of the three body-size classes
was examined for disturbance events made under vehicles
moving at 10 km/h, 20 km/h and 30 km/h speeds. Data
analyses were carried out using IBM® SPSS® Statistics 20
software and R Studio.
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Results

A total of 1627 disturbance trials were completed during the
study period. Out of these, 1259 disturbance trials were per-
formed by a vehicle moving at 10 km/h speed while 209 and
159 trials were completed by a vehicle moving at 20 km/h
and 30 km/h speeds respectively.

Agitation distances of selected waterbird species

Kentish plover (Charadrius alexandrinus) showed the short-
est AD (17 m), followed by Little stint (Calidris minuta)
(21 m). Eurasian spoonbill (Platalea leucorodia) showed
the longest AD (51 m) while Painted stork (Mycteria leu-
cocephala), Black-tailed godwit (Limosa limosa), Black-
winged stilt (Himantopus himantopus) and Caspian tern
(Hydroprogne caspia) showed AD of 32 m, 36 m, 37 and
39 m respectively.

Agitation probability of foraging vs. resting birds
to recreational disturbance from motor vehicles

Agitation probability curves of the selected species under
foraging and resting, obtained from Kaplan-Meier Survival
Analysis, are depicted in Fig. 2. All agitation probability
curves under foraging and resting events converged to 0
at the distance of 200 m except for Caspian tern (Hydro-
progne caspia). The agitation probability curves of Little
stint (Calidris minuta), Kentish plover (Charadrius alex-
andrinus), Black-tailed godwit (Limosa limosa), Eurasian
spoonbill (Platalea leucorodia), and Painted stork (Mycteria
leucocephala) showed a clear drop at 100 m from the source
of disturbance under both foraging and resting events. A
similar drop in agitation probability curves was observed
for Black-winged stilt (Himantopus himantopus) and Cas-
pian tern (Hydroprogne caspia), at a 150 m distance (Fig. 2).
Resting Caspian terns (Hydroprogne caspia) showed an agi-
tation probability of 0.02 (2%) at a 200 m distance. However,
log-rank test results indicated no statistically significant dif-
ferences in survival distributions of species when disturbed
while foraging and resting, except for Black-winged stilt
(Himantopus himantopus) (Table 1).

Agitation of birds in habitats that have different
baseline levels of vehicular disturbance

Log-rank testing to determine the differences in the agita-
tion response distributions for waterbirds occupying wetland
habitats subjected to different intensities of recreational dis-
turbances (defined based on the baseline vehicle traffic con-
ditions under normal wildlife tourism operations) indicated

statistically significant differences among the high, moder-
ate, and low traffic habitats (X2 =7.54, P<0.05). Agitation
probability curves for the selected species occupying habi-
tats under different intensities of disturbance are indicated
in Fig. 3. For all the seven species, the agitation probability
curves converged to O at the distance of 200 m. In general,
agitation probabilities of the seven species were highest
in low baseline traffic habitats at all approach distances,
while comparatively low agitation probabilities have been
observed under high traffic environments (Fig. 3). In high
and moderate traffic environments, the agitation probabil-
ity curves of Little stint (Calidris minuta), Kentish plover
(Charadrius alexandrinus), Black-tailed godwit (Limosa
limosa), Eurasian spoonbill (Platalea leucorodia), and
Painted stork (Mycteria leucocephala) showed a substan-
tial drop at 100 m from the source of disturbance, while a
decline in agitation probability curves were evident at 150 m
distance for Black-winged stilt (Himantopus himantopus),
Caspian tern (Hydroprogne caspia). In low traffic environ-
ments, the agitation probability curves of Kentish plover
(Charadrius alexandrinus), Eurasian spoonbill (Platalea
leucorodia), and Painted stork (Mycteria leucocephala)
showed a visible drop at 100 m and further at 150 m dis-
tance from the source of the disturbance. For the Little stint
(Calidris minuta), Black-winged stilt (Himantopus himan-
topus), Black-tailed godwit (Limosa limosa) and Caspian
tern (Hydroprogne caspia), the drop in agitation probability
curves were visible at 150 m distance (Fig. 3).

The log-rank tests further indicated statistically signifi-
cant differences in agitation response distributions of Ken-
tish plover (Charadrius alexandrinus), Black-winged stilt
(Himantopus himantopus), Eurasian spoonbill (Platalea leu-
corodia), and Painted stork (Mycteria leucocephala) under
different intensities of recreational disturbances. Mantel-Cox
pairwise comparisons further indicated significant differ-
ences in survival distributions between low and high traf-
fic habitats for Kentish plover (Charadrius alexandrinus),
Black-winged stilt (Himantopus himantopus), and Painted
stork (Mycteria leucocephala) (Table 2).

The body size of birds and agitation probability

Waterbirds belonging to the three body-size categories
showed significant differences in their survival distribu-
tions under recreational disturbance caused by a vehicle
moving at a speed of 10 km/h. As indicated in Fig. 4,
waterbirds with a medium-sized body (35-45 cm) exhib-
ited the highest probability of agitation, while small birds
(10-20 cm) reported the lowest probability compared to
other body size categories. The agitation probabilities of
all three body sizes declined with the distance from the
source of disturbance and converged to O at the distance
of 200 m (Fig. 4). The largest decline in the probability of

@ Springer
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Fig. 2 Plots of agitation 1.0
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agitation was observed at 100 m for birds with small and
large body sizes. For medium-sized birds, equally large
drops in agitation probability were observed at 100 and
150 m (Fig. 4). Mantel-Cox pairwise comparisons fur-
ther indicated significant differences in survival distribu-
tions between birds of small and medium (X2=48.921,
P <0.05), medium and large (X2 =12.691, P<0.05)
and small and large (X2= 13.697, P <0.05) body size
categories.

@ Springer
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Effect of speed of vehicles on agitation probability
for different body size categories

Responses of waterbirds to three different speed levels (e.g.
10 km/h, 20 km/h, and 30 km/h) were pooled under three
body-size categories and the effect of speed of the vehi-
cle on agitation was further analyzed. Small (log-rank test,
x*=92.075, P <0.05), medium (log-rank test, x>=55.759,
P <0.05) and large (log-rank test, X2 =90.540, P<0.05)
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Table 1 Log-rank test results for differences in survival distributions
of species when disturbed while foraging and resting

2

Species X p value
Little stint 0.002 0.968
Kentish plover 0.226 0.635
Black-winged stilt 4.178 0.041*
Black-tailed godwit 0.076 0.782
Eurasian spoonbill 2.173 0.143
Painted stork 0.132 0.716

*Statistical significance at a=0.05 significance level

birds showed a significant difference in sensitivity to differ-
ent speed levels. The probability of agitation of waterbirds of
all three body size categories increased with the increasing
speed of the vehicle (Fig. 5). The agitation probability of
small, medium and large birds substantially declined beyond
100 m distance for disturbances caused by a vehicle moving
at a speed of 10 km/h while comparatively higher agitation
probabilities were observed for vehicles moving at 20 and
30 km/h speeds even at 150-200 m distances. Both medium
and large birds showed higher probabilities of agitation at
greater distances away from the source of disturbance for
vehicles moving at 20 and 30 km/h speeds compared to birds
of smaller body size (Fig. 5).

Cox PH models and Stratified Cox PH models
for response of selected waterbirds to disturbance
from recreational motor vehicles

A total number of 7 models were fitted depending on dif-
ferent covariates considered for the analysis (e.g. species,
behavior of bird before disturbance, traffic level, body size of
the birds and speed of the recreational vehicle) as described
below.

Model 1: All birds with species, behaviour and traffic
as covariates

According to the fitted Cox PH model, when holding the
other covariates constant, the ‘hazard of responding’ of a
Painted stork is 1.43 times greater than of a Black-tailed
godwit (P <0.05), which was considered as the reference
level. Furthermore, Little stint showed a 1.51 times greater
‘hazard of responding’ (P <0.001) while it is 1.46 times
greater for Kentish plover (P <0.001), compared to Black-
tailed godwit. When considering the type of behaviour
of targeted waterbirds, a resting bird showed a ‘hazard of
responding’, which is 1.60 times greater than of a foraging
bird. The ‘hazard of responding’ of a bird when the traffic is
‘high’ is 35% less than the ‘hazard of responding’ of a bird
when the traffic is ‘low’ (Table 3).

The Schoenfeld residual analysis revealed that pro-
portional hazard assumption is not valid for the covariate
‘behaviour’. Hence, a stratified Cox PH (SCox PH) was fit-
ted with behaviour as the stratifying variable. According to
SCox PH, the ‘hazard of responding’ of Painted stork, Little
stint and Kentish plover are greater than Black-tailed godwit
by 1.48 (P <0.001), 1.48 (P <0.001) and 1.40 (P <0.05)
times respectively. Interestingly, the ‘hazard of responding’
of a bird when the traffic is ‘high/moderate’ is not statisti-
cally significantly different to the ‘hazard of responding’ of
a bird when the traffic is ‘low’ (Table 4).

Model 2: All birds with body size, behaviour
and traffic as covariates

As revealed by the fitted Cox PH model, when holding the
other covariates constant, the ‘hazard of responding’ of a
medium sized bird is 34% less (P <0.001) than the ‘hazard
of responding’ of a small bird, which was considered as
the reference level for the body size. A resting bird showed
1.569 times greater ‘hazard of responding’ (P <0.001) com-
pared to a foraging bird (reference level). Moreover, the
‘hazard of responding’ of a bird when the traffic is ‘high’
is 37% less (P <0.001) than the ‘hazard of responding’ of
when the traffic is ‘low’ (reference level) (Table 3).

A stratified Cox PH was fitted with ‘behaviour’, as Sch-
oenfeld residual analysis revealed that proportional hazard
assumption is not valid for that covariate. When Scox PH
adjusted for behaviour of selected waterbirds, ‘hazard of
responding’ of a bird who has a medium body size is 23%
less (P < 0.05) than the ‘hazard of responding’ of a bird who
has a small body size (Table 4).

Model 3: Foraging birds with body size and traffic
as covariates

According to Cox PH model, when holding the other covari-
ates constant, the ‘hazard of responding’ of a foraging bird
who has a medium body size is 33% less (P <0.001) than the
‘hazard of responding’ of a foraging bird who has a small
body size (reference level). When considering the level of
traffic, ‘hazard of responding’ of a foraging bird, when the
traffic is ‘moderate’ and ‘high’, is greater than of a bird expe-
riencing a the ‘low’ level of traffic (reference level) by 1.435
times (P <0.001) and 1.613 times (P <0.001) respectively
(Table 3).

The Schoenfeld residual analysis revealed that propor-
tional hazard assumption is not valid for the covariate ‘traf-
fic’. Hence, a SCox PH was fitted with that as the stratifying
variable. When Scox PH adjusted for the level of traffic that
the foraging birds are experiencing, the ‘hazard of respond-
ing’ of a foraging bird who has a medium body size is 34%

@ Springer
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Fig. 3 Plots of agitation propor-
tions (under low, moderate, and
high vehicle traffic condi-
tions) with the distance, for
Little stint (Calidris minuta), Little stint

Kentish plover (Charadrius 0.0 .
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less (P <0.001) than that of a foraging bird who has a small
body size (reference level) (Table 4).

Model 4: Resting birds with body size and traffic
as covariates

When holding the other covariates constant in the Cox
PH, the ‘hazard of responding’ of a resting bird who has a
medium body size is 65% less (P <0.001) than the ‘hazard
of responding’ of a resting bird who has a small body size

@ Springer
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Distance from the birds (m)

e wee Moderate traffic s High traffic

(reference level). On the other hand, the ‘hazard of respond-
ing’ of a resting bird, is 41% less (P <0.001) when the traffic
is ‘moderate’ while it is 77% less (P < 0.001) when the traffic
is ‘high’, compared to ‘hazard of responding’ of a resting
bird when the traffic is ‘low’ (reference level) (Table 3).
As revealed by the Schoenfeld residual analysis, propor-
tional hazard assumption is not valid for the covariate ‘traf-
fic’. Hence, a SCox PH was fitted with that as the stratifying
variable. When Scox PH adjusted for the level of traffic that
the resting birds are experiencing, the ‘hazard of responding’

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Coastal Conservation (2022) 26: 6

Page 110f21 6

Table 2 Mantel-Cox pairwise

. . Species Low vs. Moderate Low vs. High Moderate vs. High
comparisons for differences
in survival distributions under Xz p value Xz p value Xz p value
disturbances between low and
high traffic habitats Little stint 2.502 0.114 2.518 0.113 3.304 0.069
Kentish plover 6.153 0.013* 18.523 0.000* 11.623 0.001*
Black-winged stilt 0.007 0.933 43.973 0.000* 44.826 0.000*
Black-tailed godwit 2.285 0.131 0.546 0.460 0.596 0.440
Caspian tern 0.068 0.794 2.438 0.118 2.327 0.127
Eurasian spoonbill 6.573 0.010* 0.319 0.572 9.780 0.002*
Painted stork 0.060 0.807 12.907 0.000* 13.813 0.000*
*Statistical significance at «=0.05 significance level
1 .0— [ St Tttt B ¥ e Tl
W
- l_ 1
5 ;!llll.'lll.l
B2 0.89 l
(%]
= o e e
B
<A 0.6
[T
Q
E 0.4_ !IIIIIIIIIIIIIIIIIIIIIIII
=
= e e e oy
‘E 0.2 T
".."....'\IIIIIII.III
0.0+

T
50.00

I
100.00

I 1
150.00 200.00

Distance from the birds (m)

- = = = Small birds
(10 -20 cm)

e Medium birds
(35 —-45 cm)

wannnn Large birds
(80 — 105 cm)

Fig.4 Plots of agitation proportions with the distance for small (10-20 cm), medium (35-45 c¢m), and large birds (80-105 cm)

of a resting bird who has a medium body size is 62% less
(P <0.001) than that of a resting bird who has a small body
size (reference level) (Table 4).

Model 5: Speed analysis; birds with body size and speed
as covariates

According to Cox PH, when holding the other covariates
constant, the ‘hazard of responding’ of a bird who has a
medium body size is 1.267 times (P <0.1) than that of a
bird who has a small body size (reference level), under 90%
CI level. When considering the effect of the speed of the
recreational motor vehicle, the ‘hazard of responding’ of a
bird when the speed is 30 km/h is 1.675 times (P <0.001)

than the ‘hazard of responding’ of a bird when the speed
is 10 km/h (reference level), under 95% CI level (Table 3).

Model 6: Foraging birds with species and traffic
as covariates

When other covariates are constant in Cox PH, the ‘haz-
ard of responding’ of a foraging Painted stork (1.634
times greater, P < 0.01), foraging Little stint (1.558 times
greater, P <0.05) and foraging Kentish plover (1.489
times greater, P <0.05) is greater than the ‘hazard of
responding’ of a foraging Black-tailed godwit, which was
considered as the reference level for the species. Further-
more, when the traffic is ‘moderate’, ‘hazard of respond-
ing’ of a foraging bird is 1.424 times greater (P <0.001)

@ Springer
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Fig.5 Plots of agitation propor-
tions for small (10-20 cm),
medium (35-45 cm), and large
birds (80-105 cm), with the
distance under different speed
levels of vehicles
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and when the traffic is ‘high’, that of a foraging bird is
1.667 times greater (P < 0.001), compared to the reference
level (‘low’ traffic) (Table 3).

The Schoenfeld residual analysis revealed that pro-
portional hazard assumption is not valid for the covari-
ate ‘traffic’. Hence, a SCox PH was fitted with that as
the stratifying variable. When Scox PH adjusted for the
level of traffic, the ‘hazard of responding’ of a foraging
Painted stork (1.625 times greater, P <0.01), foraging
Little stint (1.565 times greater, P <0.05) and foraging
Kentish plover (1.495 times greater, P <0.05) is greater
than the ‘hazard of responding’ of a foraging Black-tailed
godwit (reference level) (Table 4).
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Model 7: Resting birds with species and traffic
as covariates

When holding the other covariates constant in Cox PH,
the ‘hazard of responding’ of a resting Little stint (2.231
times greater, P < 0.05), resting Eurasian spoonbill (1.987
times greater, P < 0.05) and resting Kentish plover (1.964
times greater, P <0.05) is greater than the ‘hazard of
responding’ of a resting Black-tailed godwit (reference
level). Under ‘moderate’ traffic, “hazard of responding’ of
a resting bird is 41% less (P <0.001) and under the ‘high’
traffic, that of a resting bird is 79% less (P < 0.001), than
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‘hazard of responding’ of resting bird under the reference
level (‘low’ traffic) (Table 3).

According to the Schoenfeld residual analysis, propor-
tional hazard assumption is not valid for the covariate ‘traf-
fic’. Hence, a SCox PH was fitted with that as the stratifying
variable. When Scox PH adjusted for the level of traffic, with
95% confidence we can say that the ‘hazard of responding’
of aresting Little stint is 2.129 times greater (P <0.05) than
the ‘hazard of responding’ of a resting Black-tailed godwit.
With 90% confidence we can say that the ‘hazard of respond-
ing’ of a resting Eurasian spoonbill is 1.799 times greater
(P <0.1) than that of a resting Black-tailed godwit (Table 4).

Discussion

The lack of published data on the impact of recreation on
shorebirds at migratory stopovers in the Asia—Pacific region
calls for sound baseline information (Nebel 2007; Guay et al.
2016; Marasinghe et al. 2020). This experimental work
revealed the trends in probability of the response of various
waterbirds at Bundala National Park, Sri Lanka, to motor-
ized recreational disturbance. Responses were measured
according to different approach speeds by off-road vehicles
under different established baseline disturbance scenarios.
As waterbirds, especially waders, inhabit a variety of coastal
habitats and wetlands, the findings of this study are useful
in managing recreational disturbance from vehicle traffic at
similar recreational sites. The results suggest, the selected
bird species displayed significantly different sensitivities to
experimental disturbance. Our data is consistent with the
findings in literature where agitation responses and response
distance of birds to recreational disturbance has been found
to be complex and reported to vary among bird species
(Blumstein et al. 2003; Rodgers and Schwikert 2003; Beale
2007; Chatwin et al. 2013).

A variety of factors can affect the response of birds to
recreational disturbance. Disturbance stimuli include foot
traffic, pet animals, motorized vehicles, and boats (Mur-
chison et al. 2016; Coetzer and Bouwman 2017; McFadden
et al. 2017; DeRose-Wilson et al. 2018; Marasinghe et al.
2020) and the speed and noise of motor vehicles (Tarr et al.
2010; Maslo et al. 2012; Chatwin et al. 2013; Schlacher et al.
2013a; Weston et al. 2014; DeVault et al. 2014, 2015; Mur-
chison et al. 2016). Previous exposure or the degree of habit-
uation of birds to recreational disturbance (Chatwin et al.
2013; De Blocq Van Scheltinga 2017; Ramli and Norazlimi
2017; Gémez-Serrano 2020) also plays a role in the response
of a particular species. However, some studies suggest that
individual birds of a species show differential responses
(within-species variation) for a stimuli (Weston et al. 2012).
Body size of the bird is also a consideration (Fernandez-
Juricic et al. 2001; Blumstein et al. 2005; O’Neal Campbell

2006). The experimental design employed in this study
quantified the impact of recreational disturbance under the
following scenarios.

Whether the bird was foraging or resting

Results of this study revealed that foraging and resting events
of birds are affected differently by moving motor vehicles
and the birds show varying responses to such disturbance.
Fitted Cox PH model with species, behaviour and traffic as
covariates, indicate that resting birds are more vulnerable
to disturbance from recreational motor vehicles. Similar
observations have been reported elsewhere (Chatwin et al.
2013), though some studies suggest foraging birds are more
sensitive to recreational disturbance from vehicles (McGari-
gal et al. 1991; De Blocq Van Scheltinga 2017). However,
log-rank test results indicated no statistically significant
differences in agitation probability distributions of species
when disturbed while foraging and resting, except for Black-
winged stilt (Himantopus himantopus). As suggested by the
results, both foraging and resting birds were sensitive to rec-
reational disturbance from slow-moving motor vehicles for
up to a distance of 50m from the source (vehicle). However,
there were some exceptions where foraging birds did not
appear to show any noticeable response. For instance, during
very active feeding events, birds were less inclined to leave
the foraging site even under closer encounters with passing
motor vehicles. This may be explained by the ‘disturbance-
risk hypothesis’, which is described as an animal making
decisions about whether to move away from a disturbed area,
based on the relationship between the benefits and costs of
staying versus fleeing (Gill et al. 2001; Frid and Dill 2002).

Previous exposure and habituation

According to log-rank test results, previous exposure to simi-
lar disturbance (i.e. birds inhabiting already well-established
high vehicular traffic habitats) had an impact on the prob-
ability of waterbird agitation. The highest agitation prob-
ability for the selected species (at all approach distances)
was recorded at habitats with already established low recrea-
tional vehicle traffic while the lowest agitation probabilities
were recorded in areas with high and moderate recreational
vehicle traffic. This is probably due to the habituation of
birds to disturbance from regular and on-going vehicular
access associated with tourism at the study site (for example,
see Stolen 2003; Chatwin et al. 2013). However, according
to fitted SCox model with behaviour as the stratifying vari-
able, there is no significant difference in ‘hazard of respond-
ing’ of birds experiencing moderate and high traffic levels
compared to birds experiencing a low traffic.

Habituation of birds is the gradual dampening of alert
and flight responses to ensure that unnecessary time and
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energy is not expended by reacting to a benign stimulus
(Burger et al. 1995; Nisbet 2000). Exposure to recurring
disturbance from motor vehicles can result in birds no longer
perceiving recreational vehicles as threats or predation risk
(as discussed by Bejder et al. 2009; Chatwin et al. 2013;
DeVault et al. 2017). Habituation can have both beneficial
and negative effects on birds inhabiting recreational environ-
ments. For instance, Nisbet (2000) argued that habituation in
waterbird colonies could be beneficial in bird conservation
under controlled conditions and could promote beneficial
educational and recreational uses. Conversely, several other
studies suggest that habituation has negative consequences
as it renders wildlife more susceptible to intra-specific
aggression and predation by associated habituated species
as well as to vehicular collisions (Higginbottom 2004; New-
some et al. 2005).

Body size of the bird and their response
to disturbance

The literature reports that agitation probability and agita-
tion/response distance tend to vary among species, depend-
ing on the body size of the bird (Kiltie 2000; Collop et al.
2016; Mikula et al. 2018). Our results suggest that all birds
at areas with different baseline traffic conditions, are more
responsive to recreational disturbances up to 100m from the
source, irrespective of their body size. According to Mantel-
Cox pairwise comparisons, large and medium-sized birds
showed greater response distances compared to smaller bird
species. Interestingly, as revealed by fitted Cox PH model
with body size and speed of the disturbance vehicle as
covariates, medium-sized waterbirds (35-45 cm) exhibited
a significantly greater ‘hazard of responding’ compared to
that of small birds, but this may be due to an insufficient
number of disturbance trials conducted for birds of differ-
ent body-size categories, various species and under different
speed levels. Our findings are largely consistent with the
literature where it has been reported that larger bird species
have greater agitation distances compared to small bird spe-
cies (Fernandez-Juricic et al. 2001; Blumstein et al. 2005;
O’Neal Campbell 2006). Larger birds have higher visual
activity and greater perceptual ranges, thus allowing them
to perceive more landscape elements as compared to smaller
birds (Lima and Zollner 1996; Kiltie 2000). Moreover, larger
birds have slower escape responses because of their size
(Glover et al. 2011). On the other hand, it has been sug-
gested that smaller birds have more tolerance towards a dis-
turbance due to higher energy expenditure associated with
greater area/body mass ratios compared to large birds (Hol-
mes et al. 1993). However, according to Scox PH adjusted
for behaviour of selected waterbirds, ‘hazard of responding’
of a medium-sized bird is significantly less than that of a
small bird. Similarly, when SCox PH model adjusted for
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traffic, hazard of responding’ of a medium-sized foraging/
resting bird is significantly less than that of a small foraging/
resting bird.

Speed of disturbance vehicles

Birds were less responsive to disturbance caused by slow-
moving motorized vehicles beyond 100 m distance from
the source. Fitted Cox PH model with body size and speed
of the disturbance vehicle as covariates, also revealed that,
‘hazard of responding’ of a bird when the speed is 30 km/h
is significantly higher than that of a bird when the speed is
10 km/h. Our observations are consistent with findings in
the literature where a response distance of 25 m to vehicles,
has been reported for many shorebird species (e.g. Schlacher
et al. 2013b). According to our field observations, the most
frequent response at less than 50 m is flushing (McLeod
et al. 2013; Schlacher et al. 2013b). Vigilance and locomo-
tion (moving a few meters away from the disturbance) were
the common behavioral responses shown by birds between
50 and 100 m distances from the source. At distances beyond
100 m from the source, birds showed vigilance behavior
or no response. As suggested by Maslo et al. (2012), birds
perceive motorized vehicles as a threat according to several
factors such as size, speed, and noise. The speed of vehicles
particularly affects the general behavior of the birds (Black-
well et al. 2009; Fernandez-Juricic et al. 2011; Schlacher
et al. 2013a, b; DeVault et al. 2014, 2015; Weston et al.
2014) as well as the response of birds to the disturbance (e.g.
increased vigilance, agitation, flushing) (Bellefleur et al.
2009; Tarr et al. 2010). Birds of different body sizes have
different sensitivities to different speed levels, but higher
vehicle speeds induce greater agitation responses of birds
(Blumstein and Fernandez-Juricic 2010; Glover et al. 2011;
Weston et al. 2012; Schlacher et al. 2014). However, some
studies suggest that, birds are less responsive to vehicles
than humans on foot, thus closer observation of birds is pos-
sible on vehicles (Pease et al. 2005; Schlacher et al. 2013b).

In this study, conducting disturbance trials in a manner
to ensure more or less equal sample sizes under each speed
levels was impractical due to numerous regulatory and envi-
ronmental conditions. In the studied BNP, the maximum
permissible speed limit for vehicles is 20 km/h. The change
of physical condition of the access trails during the course of
the study (i.e. rising water levels in the rainy season severely
affecting the vehicle movements at desired speeds) further
restricted performing equal disturbance trials under each
speed level. Nonetheless, it has been shown that the Kaplan-
Meier estimator gives reliable results under low censoring
rates and large sample sizes i.e. samples greater than 100
(Akbar et al. 2009; Che 2014). In our study, since all three
samples can be considered as large samples with low cen-
soring rates, the Kaplan-Meier estimator can be expected to
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perform well, thus the unequal sample sizes will not affect
the reliability of our results.

Implications for management

This study suggests that motorized vehicles in coastal
wetland protected areas can be a significant source of dis-
turbance for waterbirds. Hence, protected area managers
should pay attention to manage disturbance from vehicle
traffic to waterbirds. Limiting vehicle access (Yasué and
Dearden 2006; Borneman et al. 2016), temporal and spatial
zoning and designation of spatial refuges (DeRose-Wilson
et al. 2018), temporary/seasonal closure of areas during the
breeding season of birds (Pease et al. 2005; Weston et al.
2014) and establishing setbacks or buffers (Hillman et al.
2015; Guay et al. 2016; Coetzer and Bouwman 2017) have
been employed elsewhere. In the Sri Lankan context, recrea-
tion and wildlife viewing is allowed by mandate in protected
areas and in most cases tourist access is only via jeeps and
tour buses. As such, establishing setback distances can be a
viable management option to reduce the disturbance to birds
from motor vehicles (Defeo et al. 2009; Borgmann 2010;
Glover et al. 2011; Schlacher et al. 2013b; Choi et al. 2015;
Hillman et al. 2015; Coetzer and Bouwman 2017).

The aim of establishing setbacks is to separate threatening
stimuli (e.g. human recreational activities) from wildlife.
Hence, set-back distances rely on the diminishing wildlife
responses with increasing distance between stimuli and
wildlife (Pfister et al. 1992; Lafferty 2001; Whitfield et al.
2008). Furthermore, set-back distances depend on environ-
mental conditions and biological context and vary accord-
ing to different bird species (Fernandez-Juricic et al. 2005).
Smaller birds appear to require smaller setbacks, while
larger birds need much greater distances from the source
of disturbance (Coetzer and Bouwman 2017). Set-back dis-
tances can reduce impacts on wildlife when they are care-
fully designed and are most effective when the distance is
based on empirical data from stimulus-response experiments
(Rodgers and Schwikert 2003; Weston et al. 2012). There-
fore, the outcomes of this multispecies experimental study
can be used as baseline information in designing setbacks for
waterbirds in coastal wetlands under varying baseline traffic
conditions in Sri Lanka.

Since the selected species for our studies often co-occur
at BNP, consideration must be given to species that are most
sensitive to disturbance, and species that are of management
concern (such as threatened and migratory birds). Hence,
site-specific setbacks can be established considering the agi-
tation distances of highly sensitive species such as Caspian
tern (Hydroprogne caspia), Black-winged stilt (Himanto-
pus himantopus), and Black-tailed godwit (Limosa limosa).
The resting grounds of Caspian tern (Hydroprogne caspia)
may be of special importance for establishing setbacks since

the birds are resting and recovering following migration.
According to the trends in the variation of agitation prob-
abilities observed in this study, a minimal setback buffer of
100 m would suffice to negate recreational disturbance from
motor vehicles. However, physical barriers (e.g. symbolic
fencing at the edge of colonies and signboards) can be used
as tools to establish setback distances (Yasué and Dearden
2006; Antos et al. 2007; Devney and Congdon 2009; Webber
et al. 2013; Hillman et al. 2015; Maguire et al. 2015).

Conclusions

Waterbirds in coastal wetlands exhibit differential responses
to recreational disturbance caused by motorized vehicles.
Resting birds are more vulnerable to disturbance than for-
aging birds. Black-winged stilt and resting Caspian terns
appeared to be more sensitive to vehicular disturbance.
Waterbirds inhabiting environments that are subject to fre-
quent and recurring recreational disturbance by motor vehi-
cles are less likely to become agitated or respond to distur-
bance, probably due to higher levels of habituation. Birds
with larger body sizes were more responsive to disturbance
compared to smaller birds. In general, responses of birds
for vehicular recreational disturbance were prominent up to
100 m from the source. However, the response distance of
birds extended beyond 100 m from the source when they
were disturbed by vehicles moving at higher speeds. The
findings of this study provide valuable baseline data for
informed decision-making in establishing set-back distances
and maximum allowable speed limits at coastal wetlands
in Sri Lanka. Given that tourist/recreational access at BNP
is sanctioned only via vehicular access this work provides
useful data for managers in their goal of achieving the dual
mandate of waterbird conservation and providing recrea-
tional opportunities for visitors.
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