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Abstract 
The Pacific Coast population of the western snowy plover (Anarhynchus nivosus nivosus) is a federally
threatened species and is a California Species of Special Concern. Knowledge about their nest site
selection requirements is important to this species’ management in the San Francisco Bay area. We
measured the percentage of sand, percentage of crushed oyster shells, number of shells, and total shell
surface area for 56 nests of western snowy plover at the California least tern (Sternula antillarum browni)
colony in Hayward, California, USA, over a 14-year period (2008–2021). Using pairwise t-tests, we
compared these measurements to those obtained from 56 randomly chosen non-nest sites. Results
indicated that plovers select nest sites with greater oyster shell metrics than paired random sites. The
contrast in the shell-related nest metrics (i.e., the difference between the nest site and the paired site)
showed significant positive relationships with both hatching success and number of fledglings using
linear regression analysis. These results, supporting federal species recovery, suggest that the western
snowy plover may improve their nesting success through oyster shell enhancement, which may provide
more camouflage for the eggs and chicks than locations with fewer shells.  
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Introduction 
One of the rarer shorebirds in North America, numbering around 26,000 birds (Thomas et al. 2012), the
snowy plover (Anarhynchus nivosus) is divided into two subspecies (Funk et al. 2007; Page et al. 2009).
The western snowy plover (A. n. nivosus) subspecies is a year-round resident along much of the Pacific
coastline. The limiting factors for this species include increased predation (Neuman et al. 2004), human
disturbance (Ruhlen et al. 2003; Lafferty et al. 2006; Riensche 2021), habitat loss to human
development, exotic vegetation, and recreational use (Page and Stenzel 1981; Muir and Colwell 2010).
The U.S. Fish and Wildlife Service listed this subspecies as threatened in 1993 (USFWS 1993). The
recovery plan approved in 2007 put forward specific goals for safeguarding the long-term conservation of
the species by meeting the following: (1) increasing population numbers; (2) conducting intensive,
ongoing, and sustainable management for the species and its habitat; and (3) monitoring populations
and threats to determine the success of recovery actions and adapting management activities as needed
(USFWS 2007). 

The western snowy plover is subject to intensive population monitoring (Henkel et al. 2020). Numerous
influences can affect plover nest survival including parental conditions (Amat et al. 2001), nest initiation
date (Smith and Wilson 2010), and nest location in relationship to the surrounding landscape (Catlin et al.
2011; Colwell et al. 2011, Saalfeld et al. 2011). Diminished nest survival is considered a possible reason
for the decline of western snowy plovers (USFWS 2007), with nest failures often caused by mammalian
and avian predation, weather (e.g., flooding, hail, and wind), trampling, and human disturbance (Page et
al. 2009). 

Plovers nest in broad range of habitats and substrates, including: flat, unbroken, barren to sparsely
vegetated habitat of coastal beaches, rivers, lake shores, dry pond/lake basins, or large non-vegetated
islands (Johnsgard 1981; Bergstrom 1982; Cairns 1982; Cramp and Simmons 1983); dry grasslands
(Graul 1975); and alpine and arctic tundra (Cramp and Simmons 1983). Nests are unlined to thinly lined,
shallow depressions in hardened clay, silt, loose cobble, pebble, or sand (Johnsgard 1981; Cramp and
Simmons 1983). When open-nesting species leave the nest in response to danger posed by a predator,
they rely on habitat features to provide a background to hide cryptically patterned eggs. Consequently,
the vegetation and substrate characteristics may be habitat features these birds select in a nest site
(Colwell 2010). In some habitats, this species selects nest sites with heterogenous substrate consisting of
rocks approximately the size of eggs; in finer, sandy habitats, their eggs contrast with the substrate.
(Colwell 2010), leading to reduced nest survival (Colwell et al. 2005). 

Our goal was to evaluate the effects of oyster shells in breeding success of the western snowy plover
within an active California least tern (Sternula antillarum browni) colony in order to aid in management
decisions and recovery efforts for this threatened species. Our objectives were (1) to evaluate nest area



metrics and (2) to examine the relationships between hatching success and the oyster shell nest area
metrics, and number fledged and the oyster shell nest area metrics. We hypothesized that plovers
nesting in areas containing higher oyster shell metrics would have improved breeding success. Such data
are critical to our understanding of the breeding biology of the western snowy plover and meets the
goals set forward in the Western Snowy Plover Recovery Plan (USFWS 2007). 

Methods 
Study Area 
The East Bay Regional Park District manages California least tern, western snowy plover, and black
skimmer (Rynchops niger) nesting area at the Hayward Regional Shoreline (37.6297, –122.1461) located
along the eastern shore of San Francisco Bay (Riensche 2007; Riensche et al. 2012; Riensche et al.
2015). The San Francisco Bay area is typical of other temperate coastal areas with relative moderate
climates not exceeding 35°C. We conducted this study on Island Five (also known as “Tern Town”), a
0.24-ha (0.6-acre) island created from dredge materials. Vegetative cover on Tern Town has been
managed (with mechanical techniques and herbicide treatments) to 5–15% over the years to minimize
non-native vegetation spread and encourage state and federally listed ground-nesting bird species. A 10
x 20 m grid system was established for nest surveys and outside colony monitoring. The oyster shells
were Pacific oyster (Magallana gigas) shells, an introduced species from Asia, which were harvested from
Tomales Bay. When the western snowy plover began nesting on Island Five in 2008, no further shell
additions or amendments were made. 

Data Collection 
We located nests by systematically walking through the colony during the breeding season (Riensche
2007). In a 1-m2 area surrounding each nest site, we recorded the following nest area metrics:
percentage of area containing crushed oyster shell; percentage of area containing sand; number of
oyster shells (> 8-cm2 surface area); shell surface area (in mm2); and average shell surface area (average
of surface area [length (in mm) * width (in mm)] measurements of each oyster shell in the 1-m2 of each
snowy plover nest site) (Riensche et al. 2015). We measured these same five metrics at a randomly
chosen non-nest site within a 5-m radius of each nest site. We then used ArcGIS geoprocessing tools to
generate 5-m buffers and random points around known snowy plover nest sites and then generate
random, non-nest pair sites within those buffers using the specific geoprocessing tools called “Buffer”
and “Create Random Points”. For breeding variables, we collected hatching success (the proportion of
eggs that hatched) and number fledged data for each  nesting site (Fig. 1). 
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Figure 1. Western snowy plover (Anarhynchus nivosus nivosus) nest with chick at the Hayward
Regional Shoreline, California, USA. (Photographed by David L. Riensche)

Data Analysis 
We conducted paired t-tests to compare shell-related nest area metrics (percentage of crushed oyster
shell, number of oyster shells, total shell surface area, and average shell surface area) of nest sites and
paired sites. Using linear regression, we examined the relationships of the two breeding variables
(hatching success and number fledged) at each site to the shell-related nest area metrics. In addition, to
understand the contrast of the shell metrics at nest sites and paired sites, we used linear regression to
examine the relationships between the differences of the shell-related nest area metrics (i.e., [nest site
metric] – [paired site metric]) to hatching success and number fledged. We conducted statistical analyses
in Stata v16.1 (StataCorp., Stata Statistical Software, College Station, TX, USA). 

Results 
Over a 14-year period (2008–2021), we monitored a total of 56 nests and recorded nest area metrics
(Table 1).  

Table 1. Number of nest sites monitored by year. 

#tab1in11.110


Year # of Nests Monitored 

2008 1 

2009 4 

2010 3 

2011 3 

2012 3 

2013 1 

2014 3 

2015 1 

2016 4 

2017 9 

2018 10 

2019 9 

2020 3 

2021 2 

Total 56 

Oyster Shell Metrics at Nests and Paired Non-nest Sites 
When comparing the shell-related nest area metrics of nest sites and paired sites, we found that average
shell surface area was not significantly different between nest sites and paired sites (t = 1.870, df = 55, P
= 0.067). Nest sites differed significantly from paired sites for the other three metrics related to oyster
shells. Nest sites contained a significantly higher percentage of crushed oyster shell (x̄ = 64.5%) than
paired sites (x̄ = 22.6%; t = 9.966, df = 55, P < 0.001; Fig. 2). Nest sites contained more oyster shells
with a surface area greater than 8 cm2 (x̄ = 36 shells) compared to paired sites (x̄ = 14 shells; t =
12.227, df=55, P < 0.001). The total surface area covered by shells was also significantly higher at the
nest sites (x̄ = 1476.252 mm2) compared to paired sites (x̄ = 557.491 mm2; t = 11.869, df = 55, P <
0.001; Fig. 3). 
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Figure 2. Mean percent cover (± 95% CI) of crushed oyster shell and sand within a 1-m2 area
around nest sites and paired sites.



Figure 3. Mean total shell surface area (± 95% CI) within a 1-m2 area around nest sites and paired
sites.

Relationships between Breeding Variables and Oyster Shell
Metrics  
When considering the nest area metrics related to oyster shells at the nest site, the only significant
relationship between the shell metrics and breeding variables was the number fledged and the number
of shells at the nest site (Table 2).  

Table 2. Linear regression results between breeding variables and nest area metrics related to oyster
shells at the nest site. (*P < 0.05, **P < 0.01, ***P < 0.001) 

 Variable Percent crushed oyster
shell 

Number of shells Total shell surface area 

Hatching success B = 0.002, R2 = 0.014, P =
0.387 

B = 0.007, R2 = 0.037, P
= 0.156 

B = 1.22×10-6, R2 = 0.017, P
= 0.346 

Number fledged B = 0.006, R2 = 0.009, P
= 0.479 

B = 0.033, R2 = 0.099,
*P = 0.018 

B = 5.74×10-6, R2 = 0.045, P
= 0.116 

The difference in the shell-related nest area metrics revealed positive results in all but seven sites,
indicating that most nest sites contained a greater percent area of oyster shell, a greater number of
shells, and a larger total shell surface area than the paired site. Linear regression results between the
breeding variables and differences in nest area metrics related to oyster shells were significant and
positive (Table 3). 

Table 3. Linear regression results between breeding variables and differences in nest area metrics at
nest sites and paired sites ([nest site metric] – [paired site metric]) related to oyster shells. (*P < 0.05,
**P < 0.01, ***P < 0.001) 

Variable Percent crushed oyster
shell

Number of shells Total shell surface
area

Hatching success B = 0.005, R2 = 0.102, *P =
0.016 

B = 0.011, R2 = 0.100, *P
= 0.018 

B < 0.001, R2 = 0.077, *P
= 0.036 

Number fledged B = 0.013, R2 = 0.096, *P =
0.020 

B = 0.038, R2 = 0.146,
**P = 0.004 

B < 0.001, R2 = 0.098, *P
= 0.019 
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Discussion 
Worldwide shorebird populations are undergoing startling declines (IWSG 2003; Rosenburg et al. 2019).
Of the 57 North American shorebird taxa assessed in 2016, 31 are listed as either high conservation
concern, greatest conservation concern, or are listed under the U.S Endangered Species Act (Igelcia and
Winn 2021). For shorebirds, many of the effects of climate change have been recognized as threats to
their habitats, prey, and natural systems they rely on (Igelcia and Winn 2021). Changes in hydrological
cycles (flood/drought), storm intensity and frequency, and coastal habitat losses (flooding and
breaching), storm overwash-prone nesting beaches resulting from sea level rise are just some of the
challenges climate change creates for shorebirds (Igelcia and Winn 2021; Zeigler et al. 2022). Recent
analyses have shown a reduction in winter adult survival with extended cold periods during the winter;
with fewer cold snaps expected with climate change, this may lead to reduced adult mortality and might
actually help mitigate the many other threats western snowy plovers face (Stenzel et al. 2023). With bird
breeding habitat selection involves a series of choices, resulting in a nonrandom selection of territories
and nest site. All these choices influence breeding success by affecting the acquisition of resources such
as food, water, shelter, mates, nest materials, protection of egg and young from predators (Schoener
1974). Understanding the factors that relate to improved breeding success will help in the recovery of
this species. 

Our data show that western snowy plovers breed at the Hayward Shoreline nest in areas that contain
more oyster shells (in percent coverage, number of oyster shells, and total shell surface area) compared
to a randomly selected paired site, although the size of the oyster shells (average shell surface area) was
the same. Furthermore, our data show that hatching success and number fledged were greater at nest
sites that had more shells (in percent area, numbers, and total surface area) compared to the paired site.
These areas of high concentrations of shells may stand out from surrounding areas; this is consistent
with other studies where plovers have selected areas with shells for nesting (Page et al. 2009; Tokatlian
2017). Oyster shells are white, presumably reflecting light and keeping the substrate cooler than the
surrounding areas of sand; while we do not have temperature data to confirm this, the shells may keep
the nesting substrate cooler and improve hatching success. Page et al. (1985) noted alkali flats (which
were lighter in color than surrounding sand-gravel substrates) were utilized by nesting plovers more
during periods when air temperatures were higher. However, the importance of stationary physical
features like oyster shells is difficult to attribute to the number fledged due to the mobile nature of
broods.  

Nest microhabitat characteristics can potentially affect selection of plover sites (Riensche et al. 2015),
survival by altering nest concealment (Colwell et al. 2011), predator detection abilities (Amat and Masero
2004), thermoregulation (Purdue 1976), and the effects of precipitation (Sexson and Farley 2012). The
effects of nest microhabitat characteristics on snowy plover nest survival varies among studies and
breeding areas (Ellis et al. 2015). Nest site characteristics of a similar species, the piping plover
(Charadrius melodus), residing in New Brunswick and Nova Scotia varied with the physiognomy of
individual beaches and geographical area (Flemming et al. 1992), which may also be consistent with
breeding Snowy Plovers in the San Francisco Bay Region. Additionally, piping plovers nested in sites with
more shell cover (Burger 1987).  

Predation is the highest cause of nest failure in many shorebird species (Nguyen et al. 2003; Conway et
al. 2005; Smith et al. 2007), with predation being the limiting factor in many Charadriidae populations
(Johnson and Oring 2002). As ground-nesters, they may mitigate density-dependent nest predation by



spacing out their nests (Page et al. 1983), although closer nest distances in plovers was shown to reduce
predation risk (Powell 2001). Although we did not quantify predator abundances at our site, the main
predators observed included California gull (Larus californicus), common raven (Corvus corax), American
crow (Corvus brachythynchos), red fox (Vulpes vulpes), and raccoon (Procyon lotor). We observed
predation events by California gull, common raven, American crow, and killdeer (Charadrius vociferus)
nesting in close proximity to western snowy plovers (Riensche et al. 2010). Avian predators (e.g., ravens
and gulls) begin their search by air for eggs and chicks, and nests that were placed under an object had
improved hatching success (Page et al. 1985). While we do not have data on the specific placement of
nests, oyster shells, particularly large ones, offer cover to plover chicks at Hayward Shoreline (Fig. 1)
and could improve fledging success. In addition, oyster shells may help conceal footprints of plovers that
might show up more easily in sand (Powell 2001), thereby reducing detectability by predators and
improving hatching success. 

The western snowy plover has a serially polygamous, territorial mating system; males and females
normally share incubation equally (Colwell 2010), but the males typically care for chicks alone while
females pursue additional mates (Page et al. 2009). Consequently, during the long (~ 120 day) breeding
season typical of this species along the Pacific coast, females may breed successfully up to three times
whereas males may breed twice (Colwell et al. 2007). Their precocial snowy plover chicks are usually out
of the nest and foraging independently within 24 hours of hatching. They rely on their parents for
thermoregulation and defense and are highly vulnerable to predation until they can fly at 28 to 30 days
of age (Page et al. 2009). Survival estimates of color-marked individuals showed higher survival of older
(2-year-old) males than females resulting in a population sex ratio biased towards males (Stenzel et al.
2007). Lastly, based on work in coastal northern California by Colwell et al. (2007), roughly 30% of the
marked chicks (17% female and 12% male) returned to their natal areas. While none of our plovers were
color banded, it appears that the number of breeding birds at this location increased over the 14-year
study period, possibly due to some returning to their natal area. 

There are many other factors aside from nest characteristics that contribute to the variation we see in
hatching success and number fledged of the Hayward Shoreline plovers. Many species of shorebirds
depend more on subterfuge and camouflage rather than aggressive antipredator behaviors; therefore,
nesting under a “protective umbrella” of some colonial species may reduce predation rates (Burger 1987;
Larsen and Moldsvor 1992). Advantages of nesting within a colony include higher detection rates of
predators, the ability to deter predators, and “saturation effects” (Siegel-Causey and Hunt 1981; Post and
Seals 1993; Emslie et al. 1995). At our study site, the plovers are nesting within an active California least
tern colony. It has been shown that piping plover breeding on four coastal beaches in New Jersey, nested
closer to eastern least terns (Sterna antillarum antillarum) and had higher reproductive success than
those nesting outside tern colonies (Burger 1987). When a predator approached, the terns flew over the
predator and dive-bombed them while the plovers walked or flew away, performing distraction displays
(Burger 1987). Likewise, in southern California western snowy plovers nest in association with California
least terns. Thompson et al. (1997) reported that these terns defend nests and chicks with alarm calls,
flights and by diving at and defecating on intruders. Furthermore, in San Diego, California nesting
success was greatest for western snowy plovers nesting closest (within 100 m) to an active California
least tern nest (Powell 2001), although it was presumed that this benefit was lost after plover eggs
hatched. Western snowy plovers at Hayward Shoreline may benefit from these same protections afforded
by least terns. As the least tern colony at Hayward Shoreline grew through time (Riensche et al. 2012), so
did the number of western snowy plover nests.  
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There was a large range in breeding effort in this study (2008–2021). Half of the nests in this 14-year
study were collected in three years (2017–2019), while another three years only had one nest (2008,
2013, and 2015; Table 1). The higher number of nests in 2017–2019 may be due to nearby areas being
flooded out and displaced plovers moving to Tern Town. With such a large range in sample sizes among
years, and other factors that contribute to breeding success, the nest site characteristics show a small
part of a larger story for this species at Hayward Shoreline. While there was a significant result between
number fledged and number of shells at the nest site, we can assume (based on the low R2 value) that
the number of shells is not explaining much of the variation in number fledged. Similarly, snowy plovers
may be selecting areas with more oyster shells compared to the surrounding landscape, but these
significant results also revealed low R2 values, suggesting that the shell variables describe very little
about the breeding success of this species at this location. To a small degree, plovers may be actively
enhancing their nest site area by moving small shells to their nest site and surrounding area. This species
is known to line their nests with shells (Page et al. 2009) and have been observed doing this at Hayward
(D. Riensche, pers. obs.). Our results are consistent with other nearby snowy plover breeding sites where
oyster shells helped attract plovers to nest, but other factors (e.g., predation) ultimately determined
breeding success (Tokatlian 2017). Given the relatively small annual sample sizes and lack of other
potentially important covariates (e.g., weather, age of adult plovers, camouflage metrics), future
research is needed to understand how oyster shells, amongst other variables, contribute to breeding
success. In addition, details on the types of shells, optimal shell density, and alternative materials (which
may be more accessible and economical for management) were not examined in this study but could
prove useful for future management of this species. 

The recovery plan calls for a yearly average production of at least one fledging chick per male being
maintained in each of the six recovery units over a five-year period as criteria for delisting (USFWS 2007).
Various recovery actions have resulted in growing western snowy plover population with increasing
occupancy at breeding and wintering sites throughout their range (Marcot et al. 2021). Management to
improve or create nesting habitat for the western snowy plover must anticipate geographical variation in
the choice of nest site characteristics and should be designed and implemented based on data from the
population of birds under consideration.  

The western snowy plover is a heavily managed threatened species, and the effects of such actions on
population growth are an immediate concern to conservation biologists. Without intensive mediation, the
San Francisco Bay population is likely to decline to an unsustainable level (USFWS 2007). Continuing
habitat management for nesting western snowy plovers must reflect the dynamic nature of their nest site
selection characteristics. While this species experiences many stressors, our data suggest that oyster
shells may provide camouflage for western snowy plover eggs and chicks, thereby improving their
breeding success and can enhance our understanding their breeding biology, factors affecting their
productivity, and ultimately inform species resiliency and recovery plan goals. Lastly, oyster shell
enhancement should be implemented only if local habitat data are available for the birds. Relying on this
and other published accounts from other areas may result in inappropriate management strategies.  
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