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Both human activities and environmental conditions influence foraging 
oystercatchers on urban beaches
Emma Vanderzon, Ryan Baring and Diane Colombelli-Négrel

College of Science and Engineering, Flinders University, Adelaide, Australia

ABSTRACT
In developed coastal areas, shorebirds utilising sandy beaches as their primary habitat are often 
disturbed by human activities. Shorebird responses to human activities can have fitness conse
quences, through changes in their behaviour. In this study, we investigated whether human 
activities (number of people, presence of dogs) and environmental factors (air temperatures, 
wind speeds) influenced the abundance and the percentage of foraging birds for two urban 
shorebird species; Haematopus longirostris (Pied Oystercatcher) and Haematopus fuliginosus 
(Sooty Oystercatcher). We found that the number of oystercatchers (abundance) was lower 
when many people and dogs were present. However, a higher percentage of oystercatchers 
were observed foraging when people were present in high numbers and when dogs were present, 
a pattern that seems to be driven by Sooty Oystercatchers rather than Pied Oystercatchers. We also 
found that oystercatcher abundance and the percentage of foraging birds showed a negative 
relationship with air temperature and a positive relationship with wind speed. We discuss these 
results in the context of our study sites and the implications they may have for oystercatcher 
foraging habits, reinforcing the idea that multiple factors need to be investigated when assessing 
the potential impacts of human activities on shorebirds.
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Introduction

Shorebirds play an important role in ecosystems as key 
predators, consuming prey across multiple trophic 
levels and heavily contributing to mass and energy 
fluxes across food webs (Burger 1991; Moreira 1997; 
Dugan et al. 2003; Schlacher et al. 2007; Ramli and 
Norazlimi 2017). Shorebirds have been proposed as 
indicators of environmental health and biodiversity, 
making them model organisms for understanding eco
logical processes between land and sea (Defeo et al.  
2009; Gregory and van Strien 2010; Schlacher et al.  
2014; Bakker et al. 2021). Sandy beaches provide critical 
nesting and foraging habitat for shorebirds, particularly 
along coastlines with dissipative type beach systems (i.e. 
wide, flat beaches characterised by fine sediment and 
extensive surf zones). These beaches are generally abun
dant in food sources, such as molluscs, crustaceans, and 
annelids (Hubbard and Dugan 2003; Defeo and 
McLachlan 2005; Jones et al. 2007; Defeo et al. 2009) 
and are important migration stopover and overwinter
ing sites for migratory shorebirds (Lunardi and Macedo  
2014). Yet many beaches in Australia are heavily used 
for human activities, particularly recreational use 
(Defeo et al. 2009; Petch et al. 2018; Schneider et al.  

2020; van der Kolk et al. 2022), which are expected to 
cause disturbance to shorebird behaviour (i.e. disrupt an 
animal’s behaviour or physiological functioning; Nisbet  
2000; Ellenberg et al. 2006; Schlacher et al. 2013). Thus, 
it is important to understand how human activities may 
alter the regular behaviours and survival of shorebirds, 
particularly in urban environments where risks from 
human interaction are greater (Burger 1991; Burger 
et al. 2010; Fitzpatrick and Bouchez 2010; Schlacher 
et al. 2013; Lunardi and Macedo 2014; Ramli and 
Norazlimi 2017).

Human activities on beaches have been found to 
adversely affect shorebird behaviours that are crucial 
for their survival and reproduction, such as foraging, 
breeding, roosting and migration (Verhulst et al. 2001; 
Coleman et al. 2003; Rodgers and Schwikert 2003; 
Baudains and Lloyd 2007; Burger et al. 2010). 
Behavioural modifications can include increased time 
spent in vigilance, flushing in response to people/dogs/ 
cars approaching (Guinness et al. 2019; Timmis et al.  
2022), delayed arrival and earlier departure from fora
ging and roosting sites, shifts in preferred foraging sites 
(Thomas et al. 2003; Fitzpatrick and Bouchez 2010; 
Schlacher et al. 2013; Ramli and Norazlimi 2017), higher 
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than normal energy expenditure and reduced time spent 
on foraging (Burger 1981; Verhulst et al. 2001; Stillman 
and Goss-Custard 2002; Coleman et al. 2003; Thomas 
et al. 2003; Defeo et al. 2009). Such disruption in fora
ging can reduce the ability of shorebirds to conserve 
energy for migration and breeding (Spencer 2010) and, 
hence, have long-term consequences for individual fit
ness and overall population trends (Hockin et al. 1992; 
Pfister et al. 1992; Schummer and Eddleman 2003).

Regardless of humans and their activities, shorebirds 
foraging on sandy beaches may also be influenced by 
environmental factors, such as air temperature and 
wind speed. For example, Western Sandpipers 
(Calidris mauri) alter their foraging behaviour at low 
air temperatures by increasing the frequency of their 
probing behaviour (i.e. burrowing of the bill into the 
sand). This is because ambient temperatures affected the 
burying depth of their invertebrate prey (Nebel and 
Thompson 2005), causing the sandpipers to probe dee
per or more often to find prey, often leading to higher 
energy expenditure. Unfavourable weather conditions 
can also increase the energy costs linked with thermo
regulation in shorebirds, especially during periods of 
low air temperatures and high wind speeds (Davidson  
1981; Stillman and Goss-Custard 2002; Collop et al.  
2016; González-Medina et al. 2020; Ryeland et al.  
2021). Thus, environmental conditions that act as stres
sors may affect the tolerance of shorebirds towards 
human activities as they often need to increase their 
time foraging (and thus decrease their time spent in 
vigilance) when energetic requirements are high 
(Davidson 1981; Ydenberg and Dill 1986; Fernandez- 
Juricic et al. 2002).

South Australia is home to two species of oyster
catchers currently under threat: the Pied Oystercatcher 
(Haematopus longirostris) and the Sooty Oystercatcher 
(Haematopus fuliginosus). Australian Oystercatchers are 
a conspicuous group of shorebirds predominantly seen 
along the western and south-eastern coastline of main
land Australia and in Tasmania (Lauro and Nol 1995; 
Taylor et al. 2014; Jones 2016; Wooding 2019). Both 
species have similar foraging habits and bill size, pre
dominantly foraging on hard-shelled prey along estu
aries, sandy beaches and rocky coastal areas (Lauro and 
Nol 1995; Jones 2016). Compared to the Eurasian 
Oystercatcher (Haematopus ostralegus), both 
Australian species have been under-represented in pre
vious studies and many aspects of their ecology and 
factors impacting their survival are poorly understood 
(Taylor et al. 2014; Wooding 2019). The IUCN conser
vation status for both species is listed as ‘least concern’ 
at the national level in mainland Australia (Hansen et al.  
2014; Taylor et al. 2014). However, the Pied 

Oystercatcher is listed as ‘endangered’ in the state of 
New South Wales (Office of Environment & Heritage 
2021) and both Australian oystercatcher species are 
listed as rare species in South Australia (South 
Australia National Parks and Wildlife, NPW Act 
1972). Current threats to Australian Oystercatchers 
include disturbance from human recreational activities, 
coastal development, habitat loss, introduced and over
abundant native predators, competition for their food 
sources via recreational and commercial fishing and 
global climate change (Taylor et al. 2014; Jones 2016). 
Therefore, understanding how human activities impact 
important foraging behaviours and, thus, fitness of these 
two declining species is critical for their management.

Here, we recorded the total numbers seen (abun
dance) and number of birds foraging of Pied and 
Sooty Oystercatchers along ten urban beaches (i.e. 
within 200 m of human habitations) in the southern- 
eastern Fleurieu Peninsula of South Australia. We also 
recorded key environmental conditions (e.g. air tem
peratures, wind speeds) and human activities (e.g. num
ber of people, presence of dogs) that occurred on the 
beach at the same time with the aim to assess their 
influence on the abundance and foraging of oystercatch
ers. We focused on the number of people present on the 
beach and the presence of dogs because both are recog
nised as important disturbances to shorebirds (Burger 
et al. 2004; Heredia-Morales et al. 2024). Numerous 
studies have found that the presence of people on bea
ches can disturb and displace foraging shorebirds 
(Burger and Gochfeld 1991; Burton 2007; Weston and 
Elgar 2007; Glover et al. 2011; Ramli and Norazlimi  
2017) as well as increase the time non-breeding shore
birds spend being vigilant, thus decreasing the overall 
time shorebirds spend foraging (Burger 1991; Verhulst 
et al. 2001; Schlacher et al. 2013). People walking with 
dogs are also perceived as a greater threat by shorebirds 
than people without dogs (Burger 1981; Lafferty 2001; 
Lord et al. 2001; Glover et al. 2011; Murchison et al.  
2016), resulting in shorebirds flying away (Burger et al.  
2004) and/or decreasing their time spent foraging in the 
presence of dogs (Thomas et al. 2003). Dogs have also 
been found to predate oystercatcher eggs and chicks on 
beaches in Australia (Maguire et al. 2019). We therefore 
hypothesised that the presence and foraging behaviour 
of oystercatchers at our study sites would be influenced 
by humans and dogs present on the beach.

Regardless of human activities, we also hypothesised 
that environmental conditions (temperature and wind 
speed) could be influencing oystercatcher presence and 
foraging behaviour. Similar to previous studies, and 
because undisturbed beaches would allow birds to 
spend more time on foraging, we predicted that (1) 
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oystercatchers would be present and foraging in signifi
cantly smaller numbers in the presence of dogs or when 
many people are on the beach (see Verhulst et al. 2001; 
Schlacher et al. 2013; Ramli and Norazlimi 2017) and 
alternatively (2) we would observe significantly greater 
numbers of oystercatchers (and many more birds fora
ging) when human activities were low or absent (see also 
Coleman et al. 2003; Jones 2016). We also predicted that 
oystercatchers would be present and foraging in smaller 
numbers in (1) lower air temperatures where prey avail
ability is likely reduced (Rao et al. 2023) and (2) higher 
wind speeds during unfavourable weather conditions 
where there are increased costs of foraging (Collop 
et al. 2016).

Materials and methods

Study sites

Between December 2021 and June 2022, we surveyed 
a 400 m length of ten beaches to observe oystercatcher 
numbers (total seen and numbers foraging) as well as 
human activities (number of people, presence of 
dogs). These beach lengths were measured using GIS 
software to gain boundary coordinates during site 
visits prior to data collection. We also obtained data 
on air temperatures (°C) and wind speeds (km/h) for 
the time of our observations at each site from the 
Bureau of Meteorology (http://www.bom.gov.au/). 
Our sites were grouped into three broader locations: 
Middleton Beach (sites 1–5), Goolwa Beach (sites 6–8) 
and the Murray Mouth Estuary near Hindmarsh 
Island (sites 9 and 10) (Figure 1). These sites were 
selected as they have been confirmed as important 
foraging sites for oystercatchers during previous sur
veys conducted by Jones (2016) between 2011 and 
2015. The Goolwa beach region is a recreational 
cockle (Donax deltoides) fishing area during the 
Australian summer and autumn period (November 
to May) (Ferguson and Mayfield 2006). Cockles are 
a known food source for oystercatchers at the sites we 
surveyed (Jones 2016); however, information regard
ing food availability for other prey items at all sites is 
unknown, although foraging success was regularly 
observed during our surveys (Vanderzon et al., 
unpublished data). Cockle fishers were occasionally 
observed during our surveys; however, they were not 
recorded separately and are included in the ‘total 
number of people’ at each site (see Methods for 
abundance and foraging observations). All sites offer 
direct access to the beach, whether by walking from 
an adjacent car park (sites 1–4, 6, 9–10), driving along 
the beach (sites 6–8), or following a footpath through 

the coastal dunes (sites 7–8). All beach sites were also 
similar in width (90–100 m) at low tide when obser
vations were made (observational, author 1). During 
our study, we only accessed sites by walking from the 
nearest carpark.

General field methods

We selected data collection days randomly to include 
weekdays, weekends, and public holidays to capture 
human activities across all day types as we expected 
human activity to be higher on weekends and public 
holidays compared to weekdays (Weston and 
Stankowich 2014). We randomised the order in 
which we visited each site to avoid sampling bias 
and minimise the chances of seeing the same oyster
catcher individuals if they moved between adjacent 
sites between observation periods. At every site, each 
bird was treated as a new individual since we could 
not track individual bird movement (i.e. the birds 
were not banded or visually tagged in any way). All 
observations were conducted at low tide or first light 
when low tide was earlier than sunrise, as shorebirds 
predominantly forage on sandy beaches at low tide 
when most of the beach is exposed (Spencer 2010). 
Surveys took on average between 2.5–3 hours total 
including transportation between sites. For sites that 
allowed beach access (sites 1, 2, 3, 4, 6, 7, 8, 9, 10), we 
observed the oystercatchers directly on the beach. For 
site(s) with no immediate beach access (site 5), we 
made our observations from the closest lookout point 
within 20 m of the beach. To avoid any bias, all 
observations were done by a single researcher 
(author 1) with birds observed by scanning the 400  
m beach area using Nikon (Nikon Australia Pty Ltd) 
8 × 42 binoculars. During each abundance and fora
ging behaviour survey at each site, we recorded (i) the 
total number of individuals identified per oyster
catcher species, (ii) the number of people, and (iii) 
whether dogs were present or absent (both on and off 
leash). All observations were made and recorded 
immediately upon arrival to the site (i.e. we did not 
record numbers over a set period that could include 
new arrivals) as a count of the entire group present at 
that site, rather than focal observations per individual.

Abundance observations

We recorded counts for oystercatcher abundance once 
per month at all ten sites (Figure 1). The observations 
were split over two consecutive days (five sites observed 
on one day, and five sites observed on the second day) to 
ensure that observations were made at similar tidal 
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states. At each site, we recorded (i) the total number of 
oystercatchers per species and (iii) people and dogs as 
described in the ‘general field methods’.

Foraging behaviour observations

We observed and recorded oystercatcher foraging 
behaviour three times per month (independent to 
the abundance surveys) at three sites only, due to 
time constraints: sites 3, 7 and 10 (i.e. one site per 
broader location as described in the study site 

section, randomly selected; Figure 1). At each site, 
we recorded (i) the total number of oystercatchers 
per species and (ii) the number of oystercatchers 
foraging per species (as per Supplementary Table 
S1; see also Figure 2) and (iii) people and dogs as 
described in the ‘General field methods’. All observa
tions were made and recorded instantaneously upon 
arrival to the site (i.e. we did not record the percen
tage of birds foraging over a set period). All oyster
catchers observed during this study were foraging on 
sand.

Figure 1. (A) Map of the Fleurieu Peninsula, South Australia, indicating the study area (35°31’23.7“S 138°46’20.0”E). (B) Exact locations 
of the 10 sites used in this study to observe oystercatcher abundance (sites 1–10) and foraging behaviour (sites 3, 7, 10) in relation to 
human activities and environmental conditions (adapted from Jones 2016). The top left corner indicates the location of the Fleurieu 
Peninsula within Australia.
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Statistical analysis

We performed all statistical analyses in RStudio 
v. 2022.7.1.554 (Team 2020). ‘Site’ (sites 1 through 10) 
and ‘Julian date’ were assigned as random factors in all 
models. Foraging data were analysed as the percentage 
of birds foraging rather than total number of birds 
foraging to correct for the total number of oystercatch
ers present at each site. Variance inflation factors were  
< 2, confirming no collinearity between our predictors 
(Zuur et al. 2009; Fox et al. 2015) and low correlation 
between variables (< 0.3). All residual model diagnostics 
were checked visually for normality, homogeneity or 
dispersion to ensure all statistical assumptions 
were met.

To analyse oystercatcher abundance, we used the 
R package ‘lmer4’ and generalised linear mixed models 
(GLMM) (model 1) with a negative binomial distribu
tion and a logit link function to reduce overdispersion. 
Models included the following fixed continuous predic
tor variables: ‘wind speed’, ‘air temperature’, ‘people’, 
‘dogs’ and ‘species’. The analyses were not separated by 
species as both Pied and Sooty oystercatchers regularly 
forage together in flocking groups at our study sites. We, 
therefore, included ‘species’ as a fixed continuous pre
dictor in our models (for abundance and foraging) to 
account for differences between the two oystercatcher 
species in our dataset.

To analyse oystercatcher foraging behaviour, we used 
zero-inflated GLMMs (model 2) with a Poisson distri
bution and a logit link function with the R package 
‘glmmTMB’ (Brooks et al. 2017) and single zero- 
inflation parameter applied to all observations 

(ziformula = ~1). A Poisson distribution was used rather 
than a negative binomial as it was the best model fit and 
reduced overdispersion. Models included the following 
fixed continuous predictor variables: ‘wind speed’, ‘air 
temperature’, ‘people’, ‘dogs’ and ‘species’.

Off-road vehicles seen parked or in motion at sites 
were recorded during surveys and originally analysed as 
fixed factors in both models. Vehicle driving is only 
permitted at sites 6–8 and was found to be correlated 
with ‘people’ and ‘dogs’ at these sites and not significant 
in all model outputs (p > 0.05) during preliminary data 
analyses. Therefore, vehicles as a factor was excluded 
from the final model outputs

Results

Oystercatcher abundance

Across 70 abundance surveys, we recorded a total of 774 
oystercatcher sightings (557 Pied Oystercatchers and 
217 Sooty Oystercatchers). Both species were present 
at the same time during 10 of the 70 surveys (14.3%); 
each species was present during 20 surveys (29% of 
surveys per species; Supplementary Table S2).

People were observed in 62 out of 70 (89%) surveys, 
and oystercatcher abundance decreased as the number 
of people increased (Table 1; Figure 3(A)). Dogs were 
present in 41 out of 70 (59%) surveys and were always 
accompanied by at least one person walking them. 
Oystercatcher abundance was also lower when dogs 
were present compared to when no dogs were observed 
(Table 1; Figure 3(B)). Oystercatcher abundance showed 
a negative relationship with air temperature and 

Figure 2. Examples of oystercatcher foraging behaviours observed during surveys on the south-eastern Fleurieu Peninsula: (A) searching 
and probing behaviour by Pied Oystercatchers, and (B–D) cockle handing by Pied and Sooty Oystercatchers.
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a positive relationship with wind speed (Table 1; 
Figure 4). Overall, the abundance of Sooty 
Oystercatchers was lower (on average 3.10 ± 7.45 birds 
per survey) than Pied Oystercatchers (on average 7.96 ±  
18.5 birds per survey; Table 1). An average of 11 oys
tercatchers (11.06 ± 20.55) were counted at each site 
during surveys.

Foraging behaviour

We conducted 84 foraging surveys and obtained a total 
of 1023 sightings of oystercatchers foraging (774 Pied 

Oystercatchers and 249 Sooty Oystercatchers). Pied 
Oystercatchers were present for 36 of these surveys 
(43%) and Sooty Oystercatchers were present for 31 
surveys (37%). An average of five oystercatchers (4.76  
± 9.07) were seen foraging at each site during surveys 
(Pied Oystercatchers 3.24 ± 8.37; Sooty Oystercatchers 
1.52 ± 3.93). On average at each site, few individuals 
were seen engaged in behaviours other than foraging 
such as resting (Pied Oystercatchers 2.90 ± 8.97; Sooty 
Oystercatchers 0.58 ± 1.70) or in vigilance (Pied 
Oystercatchers 2.77 ± 9.83; Sooty Oystercatchers 0.88  
± 3.30). Of the surveys conducted, oystercatchers were 

Table 1. Output from the generalised linear mixed models assessing whether ‘people’, ‘dogs’, ‘air 
temperature’, ‘wind speed’ and ‘species’ predicted the abundance (model 1) and foraging 
(model 2) of Pied and Sooty Oystercatchers.

Fixed Factors Estimate Standard Error z-value P-value

Model 1 (Abundance data)
Intercept −0.37 0.002 −146.62 <0.001
People −0.08 0.002 −31.58 <0.001
Dogs [present] 0.44 0.002 174.39 <0.001
Air temperature −0.04 0.002 −16.28 <0.001
Wind speed 0.04 0.002 19.26 <0.001
Species [Sooty] −0.09 0.002 −36.92 <0.001
Model 2 (Foraging data)
Intercept 3.92 0.38 10.40 <0.001
People 0.03 0.01 3.72 <0.001
Dogs [present] 0.61 0.08 −7.48 <0.001
Air temperature −0.09 0.02 −4.04 <0.001
Wind speed 0.04 0.01 6.25 <0.001
Species [Sooty] 0.18 0.05 3.17 0.001

Statistically significant (≤0.05) values are marked in bold text.

Figure 3. Abundance (number of birds present) (A, B) and percentage (%) of birds foraging (C, D) for Pied and Sooty Oystercatchers in 
relation to the number of people (A, C) and the presence of dogs (present vs absent) (B, D) recorded on surveys. Model predictions 
(dashed lines) plotted for both species.
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observed foraging in 33% of surveys, whereas 67% of 
surveyed oystercatchers were engaged in other beha
viours (Supplementary Table S2). Both species were 
seen present together during 16 of the 84 foraging 
surveys (19%).

People were observed in 55 out of 84 (64%) surveys, 
while dogs were observed in 31 out of 84 (39%) surveys. 
A higher percentage of oystercatchers were observed 
foraging when people were present in higher numbers 
(Table 1; Figure 3(C)) and when dogs were present 
(Table 1; Figure 3(D)). The percentage of oystercatchers 
foraging showed a negative relationship with air tem
perature and a positive relationship with wind speed 
(Table 1; Figure 4). The percentage of birds foraging 
was higher for Sooty Oystercatchers (19.94 ± 4.05% of 
birds per survey) compared to Pied Oystercatchers (on 
average 16.72 ± 3.17% of birds per survey; Table 1).

Discussion

Non-breeding shorebirds tend to change their abun
dance and behaviours in areas frequently visited by 
people and dogs (Lafferty 2001; Coleman et al. 2003; 
Fitzpatrick and Bouchez 2010; Schlacher et al. 2013; 
Ramli and Norazlimi 2017), and human activities are 
known to alter the behaviour of foraging shorebirds on 
sandy beaches (Burger 1991; Burger and Gochfeld 1991; 

Schlacher et al. 2013). Here, we found that, while the 
abundance of oystercatchers decreased with the number 
of people and presence of dogs, the percentage of birds 
foraging increased. This relationship could indicate that, 
while oystercatchers are in smaller numbers, those pre
sent at these beaches surveyed are very tolerant of peo
ple and dogs. Such tolerance by oystercatchers to human 
presence may also be explained by the regular atten
dance of recreational cockle fishers at our study sites. 
While people fishing on beach shorelines may impact 
shorebirds by reducing overall food availability (Ferns 
et al. 2000; Masero et al. 2008; Lunardi and Macedo  
2014), oystercatchers could also be using cockle fishers 
as an indicator of foraging sites with abundant prey 
items or to scavenge undersized cockles that have been 
left behind. Similar relationships have been found for 
Semipalmated Plovers (Charadrius semipalmatus) and 
Semipalmated Sandpipers (Calidris pusilla) in north- 
eastern Brazil, where they appeared to prefer foraging 
through sediments that had been overturned by shell
fishers compared to undisturbed sediments (Lunardi 
and Macedo 2014). Lunardi and Macedo (2014) sug
gested that these shorebirds may have adopted 
a foraging strategy to utilise human fishing practises as 
an indicator for their food source, rather than perceiv
ing them as a disturbance. Thus, future studies should 
investigate possible competition for food resources 

Figure 4. Abundance (number of birds present) (A, B) and percentage (%) of birds foraging (C, D) for Pied and Sooty Oystercatchers in 
relation to air temperature (°C) (A, C) and wind speeds (km/h) (B, D) recorded on surveys. Model predictors (dotted lines) plotted for 
both species.
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between fishers and oystercatchers at the study sites we 
surveyed but also across their distributional range.

Oystercatcher responses to human activities can be 
species-specific, despite both species utilising the same 
habitat and being exposed to the same activities. In our 
study, both species differed in abundance and percen
tage of birds foraging but in opposite trends. In addi
tion, we observed different patterns of responses to dogs 
between the two species. Sooty Oystercatchers were 
present in greater numbers when dogs were absent 
from beaches, while Pied Oystercatcher numbers hardly 
changed in the presence or absence of dogs (Figure 3). 
These results could suggest that Sooty Oystercatchers 
may be more sensitive and less tolerant towards dogs 
than Pied Oystercatchers. Alternatively, Pied 
Oystercatchers may not recognise dogs as a potential 
disturbance, especially if the perceived value of their 
resource (i.e. the feeding/roosting location) is high 
(Yasué 2005; Glover et al. 2011). Glover et al. (2011) 
has shown that Pied Oystercatchers do discriminate 
between people walking, jogging, and people with 
dogs, and that Sooty Oystercatchers have longer flight 
initiation distances compared to Pied Oystercatchers. 
Another explanation is that Pied Oystercatchers may 
have habituated to human activities, such as dog walk
ing, while Sooty Oystercatchers have not, as the capacity 
to habituate can vary greatly between closely related 
species (Sutton et al. 2021). Habituation generally 
occurs when individuals are repeatedly exposed to non- 
lethal disturbances, leading individuals to lower their 
response (e.g. by not flushing or spending less time in 
vigilance) (Whittaker and Knight 1998; Glover et al.  
2011; Schlacher et al. 2013). Experimental studies, such 
as testing flight initiation distances (Blumstein et al.  
2003; Fitzpatrick and Bouchez 2010; Glover et al. 2011; 
Lunardi and Macedo 2014), may help in disentangling 
these hypotheses further.

The opposite patterns between Pied and Sooty 
Oystercatchers observed in our study could also be 
attributed to variation in group size and beach use by 
each species, and the differences in human activities 
occurring at those sites. While both species were often 
observed together in flocking or foraging groups, Pied 
Oystercatchers accounted for most of the observations 
and were often in large groups (particularly at Goolwa 
beach and the Murray Mouth) across wider areas on the 
beaches (i.e. closer to the shoreline when foraging and 
higher up on the beach when resting). Sooty 
Oystercatchers were also generally seen in smaller 
groups than Pied Oystercatchers at the Middleton 
beach sites, particularly site 1 where they would be 
seen foraging near, or roosting, upon the rocky point. 
Group size can be associated with disturbance responses 

to people, where larger flock sizes will have increased 
feeding rates and reduced response to humans, or 
‘potential threats’, compared to smaller flocks (Yasué  
2005; Shuai et al. 2024) since each individual bird 
spends less time in vigilance to scan for threats 
(Barnard 1980). Hence, smaller groups of Sooty 
Oystercatchers (i.e. compared to the larger groups of 
Pied Oystercatchers) could therefore be more prone to 
human disturbance. Of the three site locations, 
Middleton beach had the highest densities of people 
and dogs present, especially during the summer months. 
Yet we sometimes observed no oystercatchers at this site 
even when there were no – or very few – people. The 
lack of birds could indicate that there are other factors, 
such as food availability and benthic fauna assemblages 
that play a role in determining where oystercatchers 
prefer to forage or rest (Bakker et al. 2021). The con
nectedness between beach sites could also play a role, as 
birds may be foraging in ‘disturbed’ areas because they 
can escape to connected foraging sites. Alternatively, it 
could be that birds are foraging at ‘disturbed’ sites 
simply because this is their only option and the risks 
do not yet outweigh the benefits (Radvan et al. 2023). In 
future, understanding the availability of alternative sites 
and the specific ways that each species uses these sites 
(i.e. the relationship between oystercatcher abundance, 
benthic fauna prey and habitat use or connectivity) 
could assist in explaining the differences between Pied 
and Sooty Oystercatcher abundances.

The foraging behaviour of shorebirds can be affected 
by low air temperatures and high wind speeds, which 
are both known to affect prey distribution and the 
energy needs of the foraging birds (Goss‐Custard 1969; 
Smith 1975; Burger 1991). Our results showed that both 
abundance and percentage of birds foraging decreased 
with increasing air temperature and increased with 
increasing wind speeds. The negative relationship with 
rising air temperatures was not unexpected as shore
birds are capable of regulating their body heat at higher 
optimal temperatures when resting, to retain energy for 
foraging activities (Davidson 1981). However, it is gen
erally assumed that foraging would decrease with 
increasing wind speeds due to the increased energy 
cost of thermoregulation (González-Medina et al.  
2020). Jones (2016) found that south-west winds during 
summer and autumn indirectly influence the presence 
of Sooty Oystercatchers because the winds bring sea 
grass (e.g. beach-cast wrack) onto the beach, which is 
rich in food resources, such as crustaceans and molluscs 
(Baring et al. 2014). Similar observations were made in 
this study, where Sooty Oystercatchers would occasion
ally be seen foraging on accumulated seagrass at the 
Middleton beach sites. It is also possible that Pied and 
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Sooty Oystercatchers are still able to forage efficiently 
when wind speeds are high, especially if some sites are 
protected from direct wind gusts (e.g. by large dunes or 
rocky headlands), such as site 10 in our study. Varying 
environmental conditions also have the potential to 
alter disturbance responses in shorebirds (McBlain 
et al. 2020) as birds need to trade-off between food 
acquisition and the cost of avoiding people and dogs 
(Carr and Lima 2012; Timmis et al. 2022; Gutiérrez et al.  
2023), which can result in shorebirds taking greater 
risks when disturbed, such as allowing humans to 
approach closer while foraging (Gutiérrez et al. 2023). 
Therefore, it is possible that oystercatchers in our study 
continue to forage despite high wind speeds and greater 
human disturbances, especially if the energy costs of 
disturbance avoidance are greater during weather con
ditions with high wind speeds. The increased foraging 
by oystercatchers with increasing wind speeds could 
also be explained by a reduction in human disturbance 
when wind speeds are high if this is a favourable trade- 
off. Overall, our results highlight that multiple factors 
should be considered when assessing shorebird abun
dance and foraging behaviour, even when human activ
ities are expected to be the predominant cause of 
disturbance.

While human activities are a well-known source of 
stress that can lead to decreased fitness and reproductive 
success for individuals (Sih et al. 2011), they do not 
always have survival consequences if the availability of 
suitable alternative habitats outweighs the fitness costs 
of the disturbance. It is often assumed that the impacts 
of human activities are more serious when behavioural 
responses are stronger (Gill et al. 2001); however, 
Stillman and Goss-Custard (2002) found that oyster
catchers responded more to human activities when 
they were better able to compensate for lost foraging 
time associated with the response to people. This sug
gests that human activities alone may not be the biggest 
driver to shorebird fitness, but should be considered 
along with other factors, such as habitat availability 
and use by shorebirds, environmental conditions and 
population dynamics. The unexpected trends found in 
our study between oystercatcher abundance, foraging 
and human activities could indicate that the birds utilise 
multiple foraging and roosting locations to avoid high 
levels of human disturbances or that habituation may 
have occurred. However, there is still a possibility that 
flushing or periodically changing foraging sites in 
response to disturbance is energetically costly for the 
oystercatchers when human activities fluctuate season
ally. Thus, it is important to understand the level of 
potential disturbance that might possibly result in dis
persal of oystercatchers to other available alternative 

habitats (Coleman et al. 2003). To define these relation
ships in the context of our study, experimental testing 
on the tolerance of oystercatchers to human disturbance 
activities and developing a clear understanding of the 
distribution range and movements of the oystercatcher 
populations is required. Our study highlights that dis
ruption of foraging by human activities is only one key 
factor shaping the abundance and foraging habits of 
oystercatchers on South Australian beaches. In addition, 
we also identified the importance of environmental 
conditions (e.g. temperature and wind speeds) on oys
tercatcher presence and foraging, thereby underscoring 
the existing complexity of these interactions. Future 
complementary studies of manipulative in-situ human 
disturbances alongside long-term records of response to 
variations in environmental conditions would contri
bute to identifying the real risks of human and oyster
catcher interactions.
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