
Portland State University Portland State University 

PDXScholar PDXScholar 

Institute for Natural Resources Publications Institute for Natural Resources - Portland 

Winter 2021 

Common Raven Impacts on Nesting Western Snowy Common Raven Impacts on Nesting Western Snowy 

Plovers: Integrating Management to Facilitate Plovers: Integrating Management to Facilitate 

Species Recovery Species Recovery 

Cheryl Strong 
US Fish and Wildlife Service 

Kriss K. Neumann 
Point Blue Conservation Science 

Jenny L. Hutchinson 
US Fish and Wildlife Service 

Jamie K. Miller 
Point Blue Conservation Science 

Amber L. Clark 
California Department of Parks and Recreation 

See next page for additional authors 

Follow this and additional works at: https://pdxscholar.library.pdx.edu/naturalresources_pub 

 Part of the Population Biology Commons, and the Zoology Commons 

Let us know how access to this document benefits you. 

Citation Details Citation Details 
Strong, Cheryl; Neumann, Kriss K.; Hutchinson, Jenny L.; Miller, Jamie K.; Clark, Amber L.; Chang, Lena; 
Iwanicha, Joanna; Feucht, Elizabeth; Lau, Matthew J.; Lauten, David J.; Markegard, Sarah; Pearl, Benjamin; 
Sherer, David L.; Tertes, Rachel; Tharratt, Susie; and Wooten, Travis, "Common Raven Impacts on Nesting 
Western Snowy Plovers: Integrating Management to Facilitate Species Recovery" (2021). Institute for 
Natural Resources Publications. 42. 
https://pdxscholar.library.pdx.edu/naturalresources_pub/42 

This Article is brought to you for free and open access. It has been accepted for inclusion in Institute for Natural 
Resources Publications by an authorized administrator of PDXScholar. Please contact us if we can make this 
document more accessible: pdxscholar@pdx.edu. 

https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/naturalresources_pub
https://pdxscholar.library.pdx.edu/naturalresources
https://pdxscholar.library.pdx.edu/naturalresources_pub?utm_source=pdxscholar.library.pdx.edu%2Fnaturalresources_pub%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/19?utm_source=pdxscholar.library.pdx.edu%2Fnaturalresources_pub%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/81?utm_source=pdxscholar.library.pdx.edu%2Fnaturalresources_pub%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/naturalresources_pub/42
https://pdxscholar.library.pdx.edu/naturalresources_pub/42?utm_source=pdxscholar.library.pdx.edu%2Fnaturalresources_pub%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:pdxscholar@pdx.edu


Authors Authors 
Cheryl Strong, Kriss K. Neumann, Jenny L. Hutchinson, Jamie K. Miller, Amber L. Clark, Lena Chang, 
Joanna Iwanicha, Elizabeth Feucht, Matthew J. Lau, David J. Lauten, Sarah Markegard, Benjamin Pearl, 
David L. Sherer, Rachel Tertes, Susie Tharratt, and Travis Wooten 

This article is available at PDXScholar: https://pdxscholar.library.pdx.edu/naturalresources_pub/42 

https://pdxscholar.library.pdx.edu/naturalresources_pub/42


Human–Wildlife Interactions 15(3):465–478, Winter 2021 • digitalcommons.usu.edu/hwi

Case Study
Common raven impacts on nesting  
western snowy plovers: integrating  
management to facilitate species recovery
Cheryl Strong, U.S. Fish and Wildlife Service, 2127 SE Marine Science Drive, Newport, OR 

97365, USA  cheryl_strong@fws.gov
Kriss K. Neuman, Point Blue Conservation Science, P.O. Box 2707, Aptos, CA 95001, USA
Jenny L. Hutchinson, U.S. Fish and Wildlife Service, 1655 Heindon Rd., Arcata, CA 95521, USA
Jamie K. Miller, Point Blue Conservation Science, 205 North H Street, Suite 217, Lompoc, CA 

93436, USA
Amber L. Clark, California Department of Parks and Recreation, Oceano Dunes State Vehicu-

lar Recreation Area, 340 James Way, Ste. 270, Pismo Beach, CA 93449, USA
Lena Chang, U.S. Fish and Wildlife Service, 2493 Portola Rd. #B, Ventura, CA 93003, USA 
Joanna Iwanicha, California Department of Parks and Recreation, Oceano Dunes State  

Vehicular Recreation Area, 340 James Way, Ste. 270, Pismo Beach, CA 93449, USA
Elizabeth Feucht, Humboldt State University, 1 Harpst St., Arcata, CA 95521, USA
Matthew J. Lau, National Park Service, 1 Bear Valley Rd., Point Reyes Station, CA 94956, USA
David J. Lauten, Oregon Biodiversity Information Center, Institute for Natural Resources, Port-

land State University, P.O. Box 751, Portland, OR 97207-0751, USA 
Sarah Markegard, U.S. Fish and Wildlife Service, 4700 BLM Road, Anchorage, AK 99507, USA
Benjamin Pearl, San Francisco Bay Bird Observatory, 524 Valley Way, Milpitas, CA 95035, USA
David L. Sherer, U.S. Fish and Wildlife Service, 2493 Portola Rd. #B, Ventura, CA 93003, USA 
Rachel Tertes, U.S. Fish and Wildlife Service, 1 Marshlands Rd., Fremont, CA 94555, USA
Susie Tharratt, U.S. Fish and Wildlife Service, 2800 Cottage Way, Sacramento, CA 95825, USA
Travis Wooten, San Diego Zoo Wildlife Alliance, 15600 San Pasqual Valley Rd., Escondido, 

CA 92027, USA

Abstract: The U.S. Pacific coast population of the western snowy plover (Charadrius nivosus 
nivosus; plover) has declined due to loss and degradation of coastal habitats, predation, and 
anthropogenic disturbance. The U.S. Fish and Wildlife Service listed the subspecies in 1993 as 
threatened under the Endangered Species Act due to the population declines and habitat loss. 
Predation of nests and chicks has been identified as an important cause of historic population 
declines, and thus, most predator management actions for this subspecies are focused on 
reducing this pressure. In recent years, common ravens (Corvus corax; ravens) have become 
the most common and pervasive predators of plover nests and chicks, especially in areas with 
subsidized food sources for ravens and sites without predator management. We compiled 
data from a variety of sources to document the impact of raven predation on plover nesting 
success. We discuss current raven management and suggest several tools and strategies 
to increase plover nesting success, including multi-state approval for the use of the avicide 
DRC-1339, the use of lures and new trap types, and an increase in funding for predator 
management. The lack of coordinated and integrated management continues to impede the 
recovery of the Pacific coast plover population.

Key words: Charadrius nivosus nivosus, common raven, coordinated management, Corvus 
corax, nesting success, Pacific coast, predator management, species recovery, threatened 
species, western snowy plover

The western snowy plover (Charadrius ni-
vosus nivosus; plover) is a small shorebird that 
nests on sandy beaches and salt pannes (e.g., 
salt flats or managed ponds) and relies on nest 

camouflage, precocial chick rearing, and incon-
spicuous plumage to avoid detection by preda-
tors. The Pacific coast population of the plover 
occurs in coastal habitats ranging from central 
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Washington, USA, south through Baja Califor-
nia Sur, Mexico (U.S. Fish and Wildlife Service 
[USFWS] 2007, Eberhart-Phillips et al. 2016; 
Figure 1). 

The plover was federally listed as threatened 
in 1993 due to a significant decline in the popu-
lation size and number of occupied breeding 
sites (Page and Stenzel 1981, Page et al. 1991). 
Population declines are a result of loss and 
degradation of coastal beach and dune habi-
tats, predation, and anthropogenic disturbance 
(USFWS 1993, 2007). Recovery efforts since the 
listing have focused on predator management, 
habitat protection and restoration, and public 
education and outreach. These efforts have re-
sulted in increased reproductive success, popu-
lation size, and number of occupied breeding 
sites in some areas. However, annual reproduc-
tive success and adult population size are still 

below the subspecies’ recovery plan targets in 
most areas (USFWS 2007, 2019; Figure 2). 

Plovers have been monitored within 6 recov-
ery units (RUs) that constitute the range of the 
subspecies and are delineated by USFWS in the 
subspecies’ recovery plan (USFWS 2007; Fig-
ure 1). Thus, substantial information is readily 
available on the 2 major facets of reproductive 
success, nest hatching success and chick fledg-
ing success, and current and historic approach-
es to predator management. Predation of plo-
ver nests, chicks, and adults is an important 
cause of population decline (Colwell et al. 2005, 
Dinsmore et al. 2017, Colwell et al. 2019), and 
alleviating these losses has been a main focus 
of management for this subspecies. Although a 
wide array of predators depredate plover nests 
(Neuman et al. 2004, Demers and Robinson-
Nilsen 2012, Dinsmore et al. 2014), the com-
mon raven (Corvus corax; raven) has emerged 
as a major nest predator (Burrell and Colwell 
2012, Dinsmore et al. 2014, Lau et al. 2021, Neu-
man et al. 2021). Over the past 60 years, raven 
abundance has increased in coastal California 
and Oregon, USA (Liebezeit and George 2002, 
Peery and Henry 2010, Sauer et al. 2017), and 
ravens have expanded their range into new ar-
eas (e.g., the central California coast; Roberson 
et al. 1993, Rinkert 2018).

Since listing in 1993, predator management 
has been implemented across the plover range, 
although not at all sites. The type and intensity 
of predator management conducted annually at 
plover breeding sites depends on available fund-
ing, landowner goals, public perception, regula-
tory requirements, and site-based constraints 
that influence feasibility of conducting man-
agement. Predator management has included 
nonlethal methods (such as hazing, trash man-
agement, and marine mammal carcass removal) 
and lethal removal (i.e., trapping, shooting, and 
the use of the avicide DRC-1339). Lethal removal 
has been conducted by U.S. Department of Agri-
culture, Animal and Plant Health Inspection Ser-
vice, Wildlife Services and private contractors 
under federal and state permits. 

Individual nest exclosures, a technique em-
ployed to increase nest hatching rates of im-
periled shorebird species (Smith et al. 2010), 
have also been widely used to protect nests 
from predators. Nest exclosures are wire cage 
structures that sit over the nest during the in-

Figure 1. Map showing federally designated reco-
very units (by county) for the Pacific coast populati-
on of the western snowy plover (Charadrius nivosus 
nivosus) in the United States (adapted from U.S. 
Fish and Wildlife Service 2007).
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relies on unpublished data sources and quali-
tative assessments from species experts rather 
than a rigorous experimental design and analy-
sis. However, we believe that the information 
presented here provides a valuable overview 
and important regional perspectives on raven 
impacts and management practices.

Methods
We used 2 sources of information in compiling 

this case study on the impacts of ravens on plo-
vers. We reviewed unpublished data and infor-
mation from plover experts. We also reviewed 
data on population size from annual breeding 
window surveys (USFWS 2019) and from un-
published reports summarizing annual results 
at sites within each participating RU, including 
documentation of causes of nest failure. Breed-
ing window surveys were conducted across 
the entire range of the listed population dur-
ing a 1-week window of time in May to obtain 
a minimum estimate of the number of breeding 
plovers at current, historic, and potential breed-
ing sites over time. Managers and volunteers 
have conducted these surveys since the 1990s. 
Breeding window surveys were conducted dur-
ing non-migratory periods over a narrow time 
frame to minimize the chance of recounting 
birds moving between sites. Because all plovers 
are not detected on a single survey, window sur-
veys provide an index of population size that is 
relatively consistent over time. Data from these 
window surveys were compiled in the USFWS 
5-year review (USFWS 2019). 

cubation period, allowing adult plovers to pass 
in and out while excluding larger animals. Al-
though exclosures have been demonstrated 
to increase plover hatching success, they can 
also increase the risk of nest abandonment and 
adult plover mortality (Neuman et al. 2004, 
Hardy and Colwell 2008, Dinsmore et al. 2014). 
Exclosures have been linked to lower adult sur-
vival rates (Gaines et al. 2020) and do not pro-
tect chicks from predation once the chicks leave 
the exclosure. The negative effects of exclosures 
also have been documented for other shorebird 
species (Isaksson et al. 2007, Barber et al. 2010). 
While using exclosures may provide benefits 
under certain circumstances (e.g., at times or in 
places with low raptor abundance), for a large 
part of the range of the plover population, the 
demographic costs associated with exclosures 
may outweigh the benefits (Eberhart-Phillips 
and Colwell 2014, Gaines et al. 2020). 

Predator management techniques relying 
on behavioral modifications to predators (e.g., 
conditioned taste aversion, effigies) have been 
unsuccessful at minimizing predator impacts 
over the large spatio-temporal scales needed to 
improve plover reproductive success (Liebezeit 
and George 2002, Peterson and Colwell 2014, 
Brinkman et al. 2018) and thus have not been 
widely used. 

Here we present a case study on raven im-
pacts on plover nest hatching success. We also 
discuss current strategies and suggest several 
ways to improve management to increase plo-
ver numbers across the range. This case study 
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Figure 2. Number of Pacific coast snowy plovers, by Recovery Unit (RU), recorded on single annual  rangewide
breeding censuses conducted in May, 2005-2019. See Figure 1 for geographic extent of Recovery Units.
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Figure 2. Western snowy plover (Charadrius nivosus nivosus; plover) breeding population as determined 
by single-day surveys in each of 6 federally designated recovery units (see Figure 1 for locations), the 
range-wide breeding population total, and the number of plovers required to remove this species from the 
endangered species list (U.S. Fish and Wildlife Service 2019).
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Methodologies for nest monitoring were sim-
ilar among the sites for which we report nest 
monitoring data (e.g., Neuman et al. 2020). We 
monitored 1 or more times per week from the 
initiation of breeding (March or April) through 
the time that all broods fledged, typically by 
mid-September. We located nests using meth-
ods described by Page et al. (1985), finding 
nests by visually searching for incubating plo-
vers, watching for plovers that were flushed off 
a nest, and following tracks. 

We defined a nest as a nest bowl or scrape 
with eggs or tangible evidence of eggs in the 
bowl (i.e., eggshells). We predicted hatch dates 
by floating eggs (Westerskov 1950, Hays and 
LeCroy 1971). We monitored nests until they 
hatched or failed. We defined a hatched nest as 
a nest where at least 1 egg hatched and a failed 
nest as a nest where we found buried or aban-
doned eggs, infertile eggs, depredated eggs, 
signs of depredation (e.g., predator tracks or 
eggshell remains not typical of hatched eggs), 
or where eggs disappeared prior to the expect-
ed hatch date. If a failed nest was determined 
to be caused by predation, we determined the 
predator based on evidence at the nest includ-
ing predator tracks (Figure 3), condition of 
the nest cup, and evidence from nest cameras 
(Figure 4). In places where nest failure due to 
ravens was widespread, we also attributed the 
failure of some “unknown fate” nests to ravens 
based on proximity and timing. The data we re-
port here include sample sizes (number of nests 
monitored), hatch rate (percentage of nests that 
hatched 1 or more eggs), percentages of nest 
failure caused by predators, and percentages of 
nest failure caused by ravens.

In addition, researchers, land managers, and 
USFWS biologists from each participating RU 
summarized the current state of raven manage-
ment, the barriers and constraints to improv-
ing management, and the best path forward 
for effective management. Most sites presented 
in this case study had predator management 
programs, and the use of these methods are 
described for each RU. Detailed descriptions of 
predator management techniques, equipment, 
and methods are in Hygnstrom et al. (1994). 
Below, we integrate these data sources and the 
information from experts to summarize the im-
pacts of ravens on plovers, the state of predator 
management, and the resulting implications for 

Figure 3. Common raven (Corvus corax; raven) 
tracks at a depredated western snowy plover  
(Charadrius nivosus nivosus) nest. Ravens tend to 
be messy around a nest site, sometimes digging 
into the nest bowl, walking around repeatedly, 
turning things over, or pecking at pieces of wood. 
They normally swallow eggs whole, so there is 
typically no evidence of the eggs (photo courtesy of 
K. Castelein).

Figure 4. Photo of a common raven (Corvus corax;  
raven) depredating a western snowy plover (Cha-
radrius nivosus nivosus) nest in recovery unit 1. 
Ravens normally swallow eggs whole, as evidenced 
here (photo courtesy of M. Lee).
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future recovery of the plover population across 
the range of the listed population.

Results 
Common raven impacts

Nest predation by ravens was reported across 
varying date ranges for each RU depending on 
available data. Some RUs report impacts dat-
ing back to the mid-1990s, and others report 

more recent impacts. The percentage of nests 
depredated by ravens varied from a low of 
2% at Oceano Dunes (RU5) to a high of 22% at 
Eden Landing (RU3), with a rangewide aver-
age of 10% of all nests depredated by ravens. 
Raven predation was the cause of failure for 5% 
(Oceano Dunes) to 37% (Eden Landing) of all 
failed nests, with an average of 21% of all failed 
nests depredated (Table 1).

Table 1. Western snowy plover (Charadrius nivosus nivosus; plover) nests, nesting success, and nests 
depredated by common ravens (Corvus corax; ravens) throughout the plover range.
Recovery 
unit

Case study 
site(s)

Date 
range

Total 
nests 
with 
known 
fates 

Total 
hatched 
nests 
(n)

Total 
hatched 
nests 
(%)

Total nests 
depredated 
by common 
ravens (n)

Total nests 
depredated 
by common 
ravens (% of 
all nests)

Total nests 
depredated 
by common 
ravens (% of 
failed nests)

1 Central 
Oregon 
coasta

2011–2020 4,765 1,956 41 294   6 10

2 Recovery 
unit 2b

2016–2020    417    147 35   68 16 25

3 Eden 
Landing 
Ecological 
Reservec

2015–2016    186      79 42   40 22 37

4 Monterey 
Bayd

1984–2006 4,954 3,033 61   41   1   2

4 Monterey 
Baye

2007–2019 5,098 2,896 57 486 10 22

4 Point Reyes 
National 
Seashoref

1996–2019    658    379 58   78 12 28

5 Vandenberg 
Space Force 
Basef

1994–2020 8,848 3,992 45 680   8 14

5 Oceano 
Dunesd

2003–2016 2,114 1,641 78   13   1   3

5 Oceano 
Dunese

2017–2020    855    580 68   31   4 11

6 Marine 
Corps Base 
Camp 
Pendletona

2006–2013 1,768 1,002 57 235 13 31

6 Marine 
Corps Base 
Camp 
Pendletong

2017–2020    635    363 57   68 11 25

aTime period when nest exclosures were not used. 
bOnly reporting years where predator species was documented consistently.  
cOnly years with continuous camera monitoring to determine nest predators. 
dTime period before increasing numbers of common ravens were present. 
eTime period when increasing numbers of common ravens were present. 
fAll available data presented. 
gTime period when nest exclosures were used.
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between plover fledging success and raven ac-
tivity. In 2020, only 11% of nests hatched, and 
ravens were responsible for 84% (n = 36 of 43) 
of all nest failure caused by predators. This was 
largely driven by a predation event during May 
and June at a single site with more than a dozen 
active breeding plover pairs (USFWS, unpub-
lished data). 

Despite the well-documented impacts of ra-
vens in RU2, predator management has been 
limited to the use of nest exclosures at a few 
sites during 2000 to 2006 (13–28 nests per year) 
and 2010 (2 nests). Exclosure use was largely 
suspended in 2006 due to higher rates of nest 
abandonment, and adults nesting in exclosures 
were more vulnerable to predation, potentially 
impacting adult survival rates (Hardy and Col-
well 2008, Eberhart-Phillips and Colwell 2014). 
Furthermore, the RU2 population is sustained 
by immigration from RU1, so there was addi-
tional concern that continued use of exclosures 
was encouraging plovers into a population sink 
(Eberhart-Phillips and Colwell 2014, Colwell et 
al. 2017).

RU3. In RU3 (San Francisco Bay estuary, Cal-
ifornia) plovers nest primarily at 6 major sites 
on tidally restricted, managed pond systems in 
the south bay. The breeding window survey in 
2019 documented 190 adults in RU3 (USFWS 
2019), which is well below the recovery target 
of 500 (USFWS 2007). Although there is sub-
stantial variability among years, breeding plo-
ver numbers in RU3 have stabilized in recent 
years due to improved habitat management 
and enhancement (USFWS 2019; Figure 2). 

The unique habitat type in RU3 means that 
predators rarely leave a trace (i.e., no tracks left 
on hard-packed pond bottoms), and most dep-
redated nests are attributed to unknown preda-
tors. However, using nest cameras, we docu-
mented ravens depredating plover nests in the 
2015–2016 nesting seasons at the most densely 
populated breeding site within RU3 (Table 1). 
Ravens were responsible for 37% (n = 40 of 64) 
of all depredated nests and were the only con-
firmed nest predator caught on camera. 

Lethal (e.g., trapping, shooting, predator nest 
removal) and nonlethal (e.g., hazing, perch re-
moval and other habitat modifications) preda-
tor management occurs at most nesting sites in 
most years in RU3 but varies in scope depend-
ing on funding. Exclosures are not used due to 

Common raven impacts by  
recovery unit

RU1. In RU1 (Washington and Oregon), plo-
vers nest on exposed sandy beaches at 11 major 
sites and in smaller numbers at other sites along 
the coastline. The RU1 population has increased 
substantially in the past 2 decades due to collab-
orative management efforts between state and 
federal agencies (USFWS 2019; Figure 2). The 
recovery target for RU1 is 250 plovers; in 2019, 
489 plovers were counted during the breeding 
season window survey (USFWS 2007, 2019). 

The central Oregon coast population is 
among the most intensively monitored and 
managed populations on the Pacific coast, with 
higher levels of predator management than 
other sites, and this was reflected in the over-
all low rate of nest failure and failure attributed 
to ravens (Table 1). From 2009 to 2020, ravens 
were responsible for an average of 10% of all 
nest failures on the central coast of Oregon (n 
= 304; Table 1), the second lowest rate among 
the case studies. Nonlethal predator manage-
ment has been conducted on the central coast 
of Oregon since 1991 and lethal predator man-
agement since 2002. 

Predator management in Washington has 
also occurred on 3 beaches since 2013; raven 
impacts here are unknown. The RU1 area uses a 
wide variety of methods for predator manage-
ment including nonlethal (e.g., hazing, marine 
mammal carcass and trash removal) and lethal 
(e.g., shooting, trapping, and DRC-1339). Ex-
closures have not been extensively used in RU1 
since 2009, and the use of exclosures ceased 
completely in 2014.

RU2. In RU2, plovers have been recorded 
breeding at 23 sites (12 coastal beaches and 11 
gravel river bars). The recovery target for RU2 
(Del Norte, Humboldt, and Mendocino coun-
ties, California) is 150 breeding plovers (USFWS 
2007). However, RU2 breeding plover numbers 
have never exceeded a high of 56 (USFWS 2019; 
Figure 2). Predation accounts for the highest 
percentage of identified nest failure every year, 
and in every year that predators were tracked 
(2016–2020) ravens were responsible for most 
predator-caused nest failure (Table 1). 

In an 18-year study (2001–2018) of plover 
breeding activity in Humboldt County, the por-
tion of RU2 with the most breeding sites, Col-
well et al. (2019) reported a negative correlation 
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the challenge of deploying them in the pond 
environment and concerns about reduced adult 
survival.

RU4. In RU4 (Sonoma, Marin, San Mateo, 
Santa Cruz and Monterey counties, Califor-
nia), there is 1 large (Monterey Bay) and 1 small 
(Point Reyes) plover population that nests on 
exposed sandy beaches and within 1 managed 
pond complex with occasional nesting at other 
beaches. The recovery target for RU4 is 400 plo-
vers (USFWS 2007), and although RU4 num-
bers have increased since 1999, approaching 
the target several times in recent years, breed-
ing plover numbers have decreased since 2017 
(USFWS 2019, Neuman et al. 2021; Figure 2). 

From 2016 to 2019, the RU4 population de-
clined 17%, from 366 breeding adults in 2016 to 
only 303 in 2019 (USFWS 2019), and the popula-
tion did not rebound in 2020 (Lau 2020, Neuman 
et al. 2021). Because Monterey Bay comprises 
>90% of the RU4 breeding population, the RU4 
decline is mostly driven by population decline at 
this site where raven predation of plover nests 
has increased substantially over the period from 
2007 to 2019, compared with years prior. At Point 
Reyes, population size also appears to be limited 
by low hatching success, with raven predation 
as the major identified cause of nest failure (Lau 
and Press 2019, Lau 2020, Lau et al. 2021). From 
1996 to 2019 ravens caused 12% (n = 78 of 658) 
of all nests to fail and were responsible for 29% 
of all failed nests (Table 1). In 2019, ravens dep-
redated 46% (n = 16 of 35) of all plover nests and 
were responsible for 70% (n = 16 of 23) of nests 
that failed (Lau and Press 2019). 

In Monterey Bay prior to 2007, ravens were 
not a predator of plover nests. From 1984 to 
2006, ravens caused 1% of all nest failures and 
were responsible for 2% of all failed nests (Table 
1). Beginning in 2007, raven predation of plover 
nests became more widespread. From 2007 to 
2019, ravens caused 10% of all nest failures and 
were the cause of loss of 22% of all failed nests 
(Table 1). 

Predator management in RU4 includes hazing, 
lethal removal (e.g., shooting, trapping, DRC-
1339), and occasional use of individual nest ex-
closures. At Point Reyes, nest exclosures are the 
only predator management method used.

RU5. The RU5 area (San Luis Obispo, Santa 
Barbara, and Ventura counties, California) is 
the largest recovery unit, with a recovery target 

of 1,200 breeding plovers (USFWS 2007). The 
RU5 area came closest to this target in 2015, 
when 963 breeding plovers were counted (US-
FWS 2007, 2019; Figure 2). By the 2020 breeding 
season, this number had dropped to 861 breed-
ing adults (USFWS, unpublished data).

Predation is the primary cause of nest fail-
ure throughout RU5, and ravens are among 
the most common nest predators. In 2020, 8 of 
16 sites reported ravens as a primary source of 
nest predation, and ravens are now affecting an 
increasing number of sites where they had not 
previously been a primary nest predator (US-
FWS, unpublished data). In Morro Bay, ravens 
were not commonly documented nest preda-
tors until 2019 and 2020, when 4% and 10% of 
depredated nests were taken by ravens and 
29% and 32% of depredated nests were taken 
by either ravens or American crows (C. brachy-
rhynchos; California Department of Parks and 
Recreation [CDPR] 2019a, 2020). 

Similarly, at Oceano Dunes State Vehicular 
Recreation Area, prior to 2017, sightings of ra-
vens and nest failure caused by ravens were 
rare (CDPR 2019b). Oceano Dunes is among the 
most intensively managed plover nesting sites 
on the Pacific coast, with comparatively higher 
levels of predator management than other sites 
and thus typically a low rate of nest failure to 
predators. From 2002 to 2016, an average of 
only 7% of nests failed due to predation, with 
only 11 nest failures during this time caused 
by ravens. However, from 2017 to 2020, this 
overall rate of nest failure due to predation in-
creased to an average of 15%, with ravens re-
sponsible for 13–28% of nest depredations each 
year, driving the overall rate of nest failure to 
predators (CDPR 2020). 

In contrast to Morro Bay and Oceano Dunes, 
where raven predation is a relatively new phe-
nomenon, at Vandenberg Space Force Base, ra-
vens have caused variable levels of plover nest 
loss in most years since at least 1994 (when mon-
itoring began), ranging from 1–61% of predator 
losses or an average of 25 nests each year. In that 
time frame, an overall 14% of known nest fail-
ure has been caused by ravens (Table 1). Peaks 
in predation occurred in 2003 and 2004, when 
63 and 66 nests were depredated, and in 2011, 
when 73 nest failures were attributed to ravens. 
The most recent peak in raven predation of plo-
ver nests was from 2017 to 2019, when 118, 48, 
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and 43 nest failures were caused by ravens, re-
spectively (Robinette et al. 2019). 

Predator management at most sites in RU5 
includes both nonlethal methods (e.g., hazing, 
nest exclosures, fencing, trash management) 
and lethal methods (e.g., predator nest remov-
al, predator trapping and relocation, shooting, 
and DRC-1339). In 2020, 10 of 16 nesting sites 
in RU5 had predator management programs 
in operation. Sites with more funding spent on 
predator management (i.e., Oceano Dunes) had 
lower levels of nest predation.

RU6. The RU6 area (Los Angeles, Orange, 
and San Diego counties, California) includes 
some of the most urbanized plover nesting sites 
in the range of the listed population. The RU6 
recovery target is 500 breeding plovers. The 
RU6 area has approached but not achieved this 
goal in recent years (USFWS 2007, 2019; Figure 
2). Brinkman et al. (2018) reported that ravens 
were limiting plover nest success in RU6. 

At Marine Corps Camp Pendleton, ravens 
were the cause of 31% (n = 235 of 766) of all 
nest failure due to predation; even with the 
use of nest exclosures in more recent years, 
ravens were still responsible for 25% (n = 68 
of 272; Table 1) of all nest failure due to pre-
dation. The RU6 area uses a wide variety of 
tools for predator management, including 
hazing, lethal removal, nest exclosures, and 
DRC-1339. It uses exclosures more commonly 
than any of the other recovery units, with little 
apparent impacts to adult plovers (S. Vissman, 
U.S. Fish and Wildlife Service, personal com-
munication). 

Discussion 
The negative impact of ravens on plover 

nesting success adds to the suite of pressures 
on this threatened subspecies. The Pacific coast 
population has not met recovery population 
targets, and we believe that the evidence pre-
sented here demonstrates that raven predation 
of plover nests is becoming more widespread 
and common and is a contributing factor. 

Ravens are one of the most common preda-
tors identified at most plover nesting sites. 
They are highly efficient predators that range 
over large distances (Rösner and Selva 2005), 
allowing them to depredate plover nests across 
a large area within a span of a few days. After 
predation events have occurred, many plovers 

lay replacement clutches. This widespread re-
nesting can result in synchronous hatching, 
which may increase the susceptibility of nests 
and chicks to density-dependent impacts from 
predators (Page et al. 1983) and to extreme 
weather events related to climate change, such 
as high tides and storms (Neuman et al. 2019, 
2020).

Plovers may respond to predation pressure by 
dispersing to other breeding sites, which can be 
adaptive if the alternative sites have lower preda-
tion pressure (Pearson and Colwell 2013). For ex-
ample, in RU4, intense predation pressure from 
ravens probably has been an important factor 
causing within- and among-season movements 
ranging from local (1–5 km) to regional (10–30 
km) scales (Point Blue, unpublished data). In the 
Monterey Bay area, raven predation pressure 
over many years is probably the primary fac-
tor causing the near-extirpation of breeding at 
4 northern Santa Cruz County beaches by 2008; 
some plovers subsequently moved >30 km south 
to nest in areas with lower predation pressure 
(Point Blue, unpublished data). 

At Point Reyes in 1989, after most nests were 
depredated by ravens, plovers moved within 
the nesting season from Point Reyes Great Beach 
to a site with lower predation pressure, Salmon 
Creek Beach, a distance of >20 km (Point Blue, 
unpublished data). With raven populations ex-
panding in RU4, few low-pressure sites remain 
(Lau 2020, Neuman et al. 2021, Lau et al. 2021), 
and it is unclear if these documented small-
scale or larger-scale movements have conferred 
any fitness advantages in the long-term. 

Habitat restoration, when combined with 
predator management, has a positive effect 
on plover nest success (Dinsmore et al. 2014). 
However, the benefits of habitat restoration 
may diminish over time if there is no predator 
management. In RU2, plovers experienced sub-
stantial nest success for 4 consecutive years at 
a restored nesting site until the 2020 breeding 
season when predation from ravens increased 
significantly (USFWS, unpublished data). In 
RU4, plover nest success and occupancy at re-
stored sites has declined over time, possibly 
due to raven predation pressure (Lau and Press 
2019, Lau 2020). Given the high cost of habitat 
restoration, managers must consider that ben-
efits to plovers may not persist without annual 
predator management.
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Constraints 
Site-specific constraints to managing preda-

tors exist, but there also are consistent themes 
that emerge across multiple RUs. Policy, plan-
ning, and permitting constraints are governed 
by state and federal agencies, as well as local 
land managers, and are influenced by public 
opinion. In addition, there are specific limita-
tions to managing species as intelligent and 
adaptable as ravens. These limitations include 
technical challenges related to the availability of 
new tools as ravens learn, practical constraints 
imposed by local landscape-related factors, and 
the challenge of addressing landscape-level an-
thropogenic subsidies that are driving raven 
population increases at a larger scale. Finally, 
and perhaps most importantly, there are sig-
nificant limits to the funding that is currently 
available for plover conservation actions, in-
cluding predator management. 

Most RUs use a variety of methods, from 
hazing to nest exclosures, to lethal removal, to 
control ravens, and are constantly working to 
improve the success of these methods, innovate 
new methods, and reduce costs. But while RU1 
has used these methods to meet and exceed the 
population goals laid out in the recovery plan, 
these same methods are proving inadequate in 
other RUs. In RU4, for example, shooting has 
been a primary means of lethal control, but 
this method has been less successful over time 
as ravens learn to avoid areas when managers 
are present. Evidence from captive studies sug-
gests that ravens recognize and learn to avoid 
specific humans they view as dangerous (Blum 
et al. 2020), which may affect the efficacy of 
methods such as shooting or baiting with DRC-
1339 as ravens learn avoidance behaviors.

Predator management implementation suc-
cess in many areas is affected by the physical 
constraints of the local landscape. In more than 
half of the RUs (RU1, RU3, RU4, RU5, RU6), 
many plover nesting sites are adjacent to pub-
lic trails and beaches. This is often not compat-
ible with lethal control of predators because of 
high public visibility or risk to humans. In some 
cases (RU3, RU4), adjacent private landowners 
allow predator control on their lands, but these 
agreements can be difficult to maintain due to 
the lack of common goals among private and 
public landowners. The de facto result is that 
predator control occurs along narrow swaths of 

habitats where ravens are spending relatively 
little time before departing back to adjacent ar-
eas where control is not feasible.

Adding to the implementation problems 
posed by adjacent lands are the subsidies pro-
vided to ravens, including food (e.g., garbage, 
agricultural and ranching products), water, and 
nesting sites (power towers, landscaping trees), 
which are driving raven population increases 
(Liebezeit and George 2002). Land uses that 
generate subsidies include agriculture (RU4, 
RU5), ranching (RU1, RU2, RU4), housing and 
other developments (RU3, RU4, RU5, RU6), 
landfills (RU3, RU4, RU5, RU6), and camp-
grounds and high-use visitor areas (all RUs). 

Funding is a significant constraint on the type 
and intensity of predator management that can 
be implemented in every RU. Most nesting sites 
are in public ownership, and the land manag-
ers’ ability to secure funding is variable. At sites 
with regulatory requirements to protect plo-
vers, annual funding is more secure (e.g., Or-
egon Parks and Recreation Department’s Habi-
tat Management Plan in RU1, Oceano Dunes 
State Vehicular Recreation Area in RU5, mili-
tary installations in RU5 and RU6), and these 
sites tend to be the most effective at reducing 
the amount of predation on plover nests. Where 
these regulatory requirements are lacking, 
funding must be carved from dwindling state 
and federal operating budgets, special funds, 
or from strategically coordinated grant sources.

Management implications
Successful predator management requires a 

wide variety of tools, long-term commitments 
to funding, and coordinated outreach to adja-
cent landowners and the public to enable man-
agement efforts. Our case study documents 
that ravens are a significant limiting factor and 
that improved management will be necessary 
to mitigate the decreasing efficacy of predator 
management methods and an increasing ra-
ven population. One tool, DRC-1339, is an im-
portant tool in raven management but has not 
been approved for use in all RUs. Multi-state or 
multi-county regulatory approval of DRC-1339 
would allow more widespread use of this tool. 
In addition, new nonlethal methods and other 
lethal trapping methods (more widespread use 
of lures, bait, calls, etc.) have all been identified 
as important raven management needs. 
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For plover populations to reach recovery tar-
gets, we need landscape-scale management to 
address anthropogenic subsidies, streamlined 
and flexible permitting for predator manage-
ment techniques, new on-the-ground techniques 
to address intelligent and adaptable predators, 
and more funding. Without consistent predator 
management, impaired breeding success across 
the range of the Pacific coast population of the 
plover will continue to be a barrier to recovery.
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