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Western Specialty:

Swainson’s Hawk

Photo by © Ken Phenicie Jr. of San Jose, California:

Swainson’s Hawk (Buteo swainsoni), Coyote Valley, Santa Clara County, California, 19
April 2013.

In the mid-20th century California’s breeding population of Swainson’s Hawk (Buteo
swainsoni) decreased precipitously, and its range contracted. But for reasons not yet

clear, since the 1990s the population has increased and the birds have begun to recolonize
areas from which they had long been extirpated. Among those areas are the Coast Ranges
of central California, in Santa Clara and San Benito counties. In this issue of Western
Birds, Stephanie Klein, Larry Baer, and Ryan A. Phillips report their monitoring of up to
five pairs nesting in this area in 2019 and 2020. Notably, they found the hawks foraging
in farmland even more than in grassland, while avoiding urban development.
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Front cover photo by © Ed Harper of Carmichael, California: Prairie Merlin
(Falco columbarius richardsonii) near Winters, Yolo County, California, 28
February 2019. Populations of all three North American subspecies of the
Merlin have been on the increase in recent years.

Back cover photo by © Calvin Dyer of Lingle, Wyoming: Fledgling Northern
Cardinal (Cardinalis cardinalis) begging from adult male near Lingle, Goshen
County, Wyoming, representing the first confirmation of the species nesting
successfully in Wyoming and an expansion of its range west along the North
Platte River.
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ABSTRACT: Previous knowledge of the Merlin’s (Falco columbarius) nesting
behavior was based on observation from the ground or data recorded during nest
checks. Similarly, descriptions of chicks’ behavioral development were restricted to
studies of captive birds. We used a webcam to observe adult Prairie Merlins (E c.
richardsonii) and their four young on an artificial nest platform located in Weyburn,
Saskatchewan, from 25 April to 22 July 2020. Our observations extended from prior
to egg-laying until 12 days after fledging, being most intensive after hatching. Activi-
ties revealed by the webcam largely confirmed previous ground-based observations
and studies involving either nest visits or captive rearing. Eggs were laid at roughly
2-day intervals followed by a 30-day incubation period and a 31-day nestling period.
The female dominated activity at the nest until the chicks achieved homeothermy
(7-10 days after hatching); the male was seldom seen except when delivering prey
to the female. The female stopped brooding chicks during the night after day 14
and during daylight on day 16. The male began bringing food directly to the chicks
starting 17 days after hatching. The chicks’ development matched published reports
with constant competition for food among chicks but also apparent efforts by the
adult female to ensure that each chick received sufficient food. The webcam enabled
us to gather more detailed information about the Merlin’s behavior at the nest than
previously possible and provided an opportunity for citizen science involving a
common but little studied falcon.

The nature and quality of parental care provided for eggs and nestlings
affects birds™ success in breeding (Lack 1968, Newton 1979). This care is
expressed through attendance at the nest to incubate the eggs, protection of
eggs and chicks from the elements and potential predators, and providing
food for the chicks’ growth and development. Technological advances in
cameras, power sources, and recording/broadcasting devices have greatly en-
hanced the opportunities for generating detailed, high-quality data linked to
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parental care while reducing disturbance below the level possible with direct
observation of raptors from blinds (Reif and Tornberg 2006). This improved
capacity reflects progress from the initial time-lapse camera work of Temple
(1972) to the highly effective and more affordable digital video surveillance
that is becoming commonplace (e.g., Kross et al. 2012, Sonerud et al. 2014,
Miller et al. 2020).

Studies of diverse raptor species over the past three decades using these
technological approaches have assessed variation in nesting behavior and
provided insight into raptors’ capacity for adaptation to, or mitigation of,
varying environmental conditions (Palmer et al. 2001, Watts 2014, Katzen-
berger et al. 2015). Outcomes have ranged from baseline descriptions of
nesting behavior, as for the Mexican Spotted Owl (Strix occidentalis lucida;
Delaney et al. 1999), Eurasian Kestrel (Falco tinnunculus; Steen et al. 2012),
and Northern Saw-whet Owl (Aegolius acadicus; McCullough and Conway
2017), to detailed assessments of intersexual differences in nesting behavior
of adults and the effect of nest-site quality on parental care, as for the Fer-
ruginous Hawk (Buteo regalis; Keeley and Bechard 2017) and Gyrfalcon (E
rusticolus; Henderson et al. 2021).

Despite an extensive list of species examined with this technology, we are
unaware of any critical examination of nesting Merlins (E columbarius) by
means of digital video camera monitoring. Consequently, knowledge of the
Merlin’s nesting behavior is limited to observations from the ground and data
recorded during intermittent nest checks (see overview in Warkentin et al.
2005). Likewise, descriptions of chicks’ behavioral development are restricted
to studies of birds in captivity (Oliphant and Tessaro 1985, Ruttledge 1985).
For tree-nesting species, ground-based observations typically lack fine de-
tails on the actual behavior of both parents and nestlings or the interactions
among individuals, whereas studies of captives produce results that may
reflect captivity rather than natural occurrences. Because of their intermit-
tent nature and intrusiveness, behavioral observations from nest checks are
limited, and the data are restricted largely to morphometrics, and to some
extent the timing of development. Here we provide data on the behavior of
adults and nestlings and the timeline of development in a single wild Merlin
nest viewed via webcam from egg-laying through fledging.

METHODS

We monitored a Prairie Merlin (F. c. richardsonii) nest located in a White
Spruce (Picea glauca) tree of a residential neighbourhood of Weyburn,
Saskatchewan, Canada (49° 39’ 48" N, 103° 51’ 12" W), a city of about
11,000 people located along the Souris River in the moist mixed grassland
ecoregion (Shorthouse 2010) of southeastern Saskatchewan. Merlins, along
with other species of raptors, have nested in Weyburn for several decades
(Kozij 2003). The focal tree for this study was the site of an American Crow
(Corvus brachyrhynchos) nest built in 1999 that provided the initial platform
subsequently occupied by Merlins in 2000. Several years later about 3 m was
trimmed off the top of the tree, leaving it 13 m tall and creating a basket of
branches within which Swainson’s Hawks (B. swainsoni) nested in 2014; this
nest was used by Merlins in 2015. An artificial nesting platform located 13
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m up the now 18-m-tall tree replaced the unused and disintegrating hawk
nest in 2016. Constructed of 2.5-cm wire mesh, this platform, diameter 60
cm, was covered with common flax (Linum usitatissimum) straw attached
with cable ties and rimmed with flax bundles 10 cm thick and also attached
to the base with cable ties to create a nest bowl. This nest was not occupied
until 2019 when it was used by Merlins, and then again during 2020 when
we made the observations we report here.

We installed continuous recording equipment to view the nest platform in
2016. The equipment included a home security camera (Swann DVR4-4600,
Port Melbourne, Australia) positioned 60 cm from the center of the nest, fac-
ing to the east-southeast and angled downward 45° so that the field of view
extended from the near edge of the nest but could still capture the full image
of an adult perched on the far edge. A cable from the camera ran down the
tree and into the adjacent house to a desktop computer. Beginning 25 April
2020, video was live-streamed to the Internet through Vimeo Livestream
(Vimeo LLC, New York) so we and the general public could view real-time
images, as well as review the most recent four hours from available recordings
within the Vimeo Livestream platform; full recording of the entire study pe-
riod was not an available option because of the platform’s storage constraints
and the limitations of our own computing capacity. The camera system used
infrared illumination for night vision and automatically switched between
daylight/color and infrared/black and white video as appropriate. The rate of
video recording was set to 10 frames per second with resolution set to 1080P
(progressive scan) and a maximum bit rate of 5120 kilobytes per second. The
video had the capacity to be reviewed frame by frame.

We initiated observations on 25 April 2020 with periodic checking of the
video feed (typically 4-5 times a day at early morning, midday, late afternoon
and early evening) to assess activity in the nest during courtship, egg-laying,
and incubation. Intensive observation started at hatching (9 June 2020),
through our watching the video live and scanning the previous 4 hours of
recorded material for the initial observations of each morning to examine
nighttime activities (with the exceptions noted below when overnight ob-
servations were recorded explicitly). Observation from hatching onward
was largely continuous each day from well before sunrise to about an hour
after sunset (generally about 02:00 to 22:00 CST) and continued through
22 July 2020, at which point there was little activity at the nest. Additional
observations were contributed by the public via a chat function of the Inter-
net broadcast. We verified all public observations by re-examining relevant
video sequences, when possible, for any activity missed during our own live
observations. Additionally, we collected just over 600 video clips and screen
shots of activities throughout the cycle to review and confirm observations
drawn from daily notes.

We categorized the breeding cycle into three periods; courtship, during
which a male establishes a territory and endeavors to attract a female to be-
come resident on its territory through behavioral displays and provisioning
of food; egg laying/incubation; and hatching/nestling, ending with fledging
from the nest. We further split the nestling period into two segments based
on the chicks’ level of dependence on the adults for active direct care. When
discussing the adults’ roles and chicks” development we further subdivided
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the nestling period to reflect the chicks’ developmental stages as defined by
Oliphantand Tessaro (1985) and detailed below. We established a time budget
for the adult birds at the nest during the nestling period on the basis of four
categories: brooding (including any direct physical contact with the young),
feeding of young (direct bill-to-bill transfer of food from adult to chick),
absence from nest (adult not visible in the video feed), and other (adult at
the nest but not brooding or feeding). We readily distinguished between the
breeding female and male by their differences in size and plumage; the male
at this nest was at least 2 years old on the basis of its distinctive blue dorsal
plumage (Warkentin et al. 2005). We attempted to identify the prey that were
delivered to the nest within the view of the webcam, but the vast majority had
already been plucked of identifying plumage (only avian prey were delivered
to the nest) and so we could only estimate body size, except for six occa-
sions when we determined the species as noted in the Results. We noted and
quantified all prey deliveries (arrival at the nest of an adult bird carrying a
carcass; note that parent responsible for the prey capture was not attributable
from our data) and feedings at the nest (either beak-to-beak transfer of food
torn from a carcass by the adult and given to a chick in one bout of feeding,
or the transfer of a carcass from an adult to one of the chicks in the nest). As
the chicks could not be individually identified, when reporting the timing
of events we consider the chicks’ average day of hatching (10 June 2020) as
the hatch date (DO0) for all four chicks. Phases of nestling development are
based on the description of hand-raised Merlin chicks developed by Oliph-
ant and Tessaro (1985) using morphological and behavioral criteria, with
minor modifications reflecting differences for the nest monitored. All time
references are Central Standard Time. Because sample sizes for most values
presented are less than ten and thus too small to justify reporting error levels
for these statistics, for consistency throughout we provide average measures
along with the respective range of values.

RESULTS

The female we monitored laid five eggs from which four chicks hatched
and eventually fledged. The unhatched egg remained in the nest until after
the chicks fledged at which point we retrieved it: the shell had a hole and the
egg’s contents had largely dried out. The female was the primary attendant
at the nest (Figure 1).

Courtship Period

We first detected adult Merlins at the nest site on 31 March. Nest displays
between the male and female (as described by Feldsine and Oliphant 1985;
see Figure 2) on the platform were observed only four times (25 April, 27
April, 1 May, 2 May). On 25 April, one female was seen on the nest for about
15 seconds, followed by a second female entering the nest quickly and ag-
gressively. The first female reacted to the incoming female by rolling onto her
back with talons extended to meet the attack. They grappled within view of
the camera for about 5 seconds before rolling off the nest platform and out
of view. During the courtship period, the male was seen to deliver prey to the
empty nest once each on 26 April, 28 April (a male Yellow-rumped Warbler,
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FIGURE 1. Proportion of 24-hour period spent in four activity types by a nesting adult
female Merlin monitored for 25 days after the chicks hatched.

Proponion of day in each activity

Setophaga coronata), and 30 April, twice on 1 May, and once again on 2 May.
We never observed copulation or prolonged mutual displays at the nest. The
female was seen lying in the nest and/or creating a scrape in the nest material
by pushing down with her breast on 28 April.

Egg-Laying/Incubation Period

The eggs were laid at roughly 48-hour intervals, the first on 2 May (exact
time unknown). The second egg was laid on 4 May between 18:46 and 19:15,

Nest Watch

FIGURE 2. Nest display by female and male Merlin during courtship period.
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the third egg 6 May at 17:23, the fourth on 8 May before 19:42, and the fifth on
10 May between 12:43 and 19:11. The female began lying on the nest starting
6 May (egg 3), but this activity was not continuous; the transition to steady
incubation was unclear because our observations were not continuous at this
point. We observed the male incubating only once, sitting on the first egg laid
for 1 min following delivery of prey to the female on the nest on 3 May. We
detected the male delivering prey to the female at the nest during incubation
only four times (4 May, 30 May, 1 June, and 6 June).

Hatching/Nestling Period (D0-D25)

Four chicks hatched within an interval of 36-38 hr. The first chick hatched
on 9 June (by 18:00), the second (02:56-04:30) and third (14:57-16:20) on 10
June (DO), and the fourth on 11 June (06:23-08:27). The female kept newly
hatched chicks covered until they were completely dry. The first indication
of hatching was the appearance of an eggshell in front of the female. We ob-
served the female nibbling on eggshells several times, although it was unclear
whether she was actually consuming fragments. But she was not observed
carrying eggshells from the nest, so it appeared that the shells were either
eaten or reduced to small fragments rather than carried away.

Female brooding. The female brooded the young and unhatched egg
almost continuously during the day for the first nine days (D0-D8) and
continuously overnight (Figure 1). For the latter, we determined the female’s
behavior every 1-2 min for an hour during the night of D2/morning of
D3; she was observed with closed eyes and her head laid out on the nest 18
times and with eyes open, head up, and alert 21 times. The female did not
leave the nest for periods exceeding 5 min for the first three days. About 20
min before sunrise, the female typically left the nest for less than a minute,
returned without prey, and resumed brooding the young. During daylight
hours from hatching to D8 the female averaged 14.4 absences per day (range
6-31) that lasted an average of only 4.0 min each (range <1-29 min). For 50
of 108 absences during this period, the female returned after 2-3 min with
prey to feed the chicks. The female dozed or slept for periods lasting 5-10 min
throughout the day while brooding although would often become alert and
leave the nest abruptly, presumably in response to the male vocalizing as he
brought in prey or in reaction to some disturbance near the nest but outside
the view of the webcam. Her sleep pattern did not change significantly during
the night. She frequently repositioned and shuffled the young, preened her
feathers, and picked at the nest material both night and day.

Daytime brooding decreased steadily from D9 to D16 (Figure 1). The
maximum length of intervals the female spent away from the nest increased
during this period from 41 min on D10 to 340 min by D16 (total of eight
daytime absences averaging 178 min). There was repeated reshuffling of
position by the female who often appeared to be “bounced” by the chicks
under her as they became larger and more active. The female continued to
incubate the unhatched egg while brooding the chicks during this period,
actively pulling it under her. When absent from the nest itself from D9 to D16,
she frequently remained close, hopping to a perch just above the nest where
she was mostly out of view of the camera except for an occasional glimpse of
the end of her tail. After D14, nighttime brooding ceased entirely, whereas
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previously nighttime brooding was continuous. By D16 all daytime brooding
ceased except for a 40-min period on the morning of D18 after an overnight
rain had soaked the chicks. Otherwise, from D16 to the end of the surveil-
lance (D42), the female was continuously absent from the nest except when
returning to feed the young or simply transfer prey to a chick.

Female feeding young. Chicks were fed as soon as 2 hours after hatching.
There were four feedings on DO, four on D1, five on D2, three on D3, and
five on D4 (Figure 3). These feedings were prolonged beak-to-beak transfers
of food, typically taking 10-12 min. The female fed the young as long as they
begged, although on D1 each chick took no more than 10 “bites” of food
at one feeding. The chicks” food intake and corresponding prey deliveries
increased rapidly, and on D5 a count at one feeding yielded an average of 32
“bites” taken by each nestling. Sparrow-sized birds were the primary prey;
most were likely House Sparrows (Passer domesticus), on the basis of research
from other urban settings in the region (Warkentin et al. 2005). Along with the
prey specifically identified above and below, we noted three House Sparrows
and one Vesper Sparrow (Pooecetes gramineus) among the carcasses brought
to the nest. The hindquarters were left over after feedings finished in the first
two days after hatching, and these were taken away by the female. After D2,
any food not eaten by the young was consumed by the female at the nest.

The female was the sole adult responsible for the direct feeding of nestlings
(either beak-to-beak or provisioning of whole carcasses) until D17, when the
male began to bring prey to the nest (Figure 3). The number of daily feed-
ings for DO to D4 (during the newly hatched to early small downy stages, as
defined below by level of development) was 4.2 deliveries per day (range 3-5)

12.5-
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Number of prey delivered per day
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0 10 20 30 40
DAY

FIGURE 3. Number of prey delivered to a Merlin nest per day, as detected via webcam,
by the adult female (circles with solid line) and male (triangles with dashed line) from
hatching to day 42.
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and increased to 7.7 deliveries per day (range 7-11) for the period from D5
to D25 (from the small downy through feathered nestling stages as defined
below), finally reaching 8.4 (range 4-15) deliveries per day from D26 to D38
(the branching/fledgling period). The first feeding usually occurred within
one hour of sunrise except on D8, when the first prey item was not brought
in until 08:25 after a night of rain. Often whole wings and legs with bone
and feathers were given to the chicks. Early in the nestling period the female
took large pieces back and ate them herself if the chicks were slow to swallow
them. The female typically fed one chick to satiation if it continued to beg
strongly, before shifting to feed another chick. During feeding, the female
often checked under and around chicks for dropped food.

Male’s activity at the nest. The male was present at the nest for only very
short periods throughout the entire observation period. There were only
two days when the male attempted to brood the nestlings. On DO the male
brooded newly hatched chicks and unhatched eggs three times during the day
for periods of up to 3 min. The female was absent all of these times with the
male arriving within a minute of the female leaving, but departing abruptly
when the female returned with food that presumably had been transferred
to the female by the male out of camera range. The male appeared at the nest
five other times between D1 and D14, usually after a presumed prey transfer
to the female outside the camera’s field of view. The male often cleaned his
feet at the nest’s edge (suggesting a kill and prey transfer) but brooded the
nestlings and unhatched egg only one additional time (D8) for 3 min, actively
pulling the egg under his body in a fashion similar to that of the female. Dur-
ing this instance of brooding, the male appeared clumsy, spreading his wings
and almost falling over, then leaving abruptly when the female returned with
prey, almost colliding with her.

When the male appeared at the nest without prey and the female was
present, the female confronted the male with a lowered head and spread tail.
The male then left immediately. This occurred mostly early in the nestling
period. If the male was carrying prey, it was immediately and aggressively
taken by the female, which then left the nest for a few minutes, presumably to
further prepare the carcass for feeding to the nestlings. The male then often
stayed at the nest for a minute or less but left before or as the female returned
with the prepared prey.

There was no attempt by the male to feed the young until D17, when he
arrived with a whole Horned Lark (Eremophila alpestris) while the female
was absent. He perched on the nest edge and offered the whole carcass to
the chicks, which made no attempt to take it. The male next fed bits from
the lark’s head to two chicks and then moved into the nest itself, whereupon
all the chicks moved away from the male. The male left with the lark carcass
but returned after 22 min to feed two chicks for 8 min before leaving once
again as the female arrived with prey. The male spent 16 min feeding the
chicks again on D19 and 14 min on D20. Starting on D21, prey deliveries by
the male were rapidly taken by one of the chicks or by the adult female (if
present). Subsequently, the male’s time at the nest was limited to only a few
seconds per visit.
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Brancher/Fledging Period (D26-D42)

During this interval the adults were present at the nest for prey deliveries
and feedings only. Direct beak-to-beak feeding of the young by the female
decreased within the first few days of this period and ceased by D28, after
which the chicks became more aggressive and grabbed prey immediately
when delivered by an adult. Thereafter both adults left within seconds of
presenting a carcass at the nest. Prey deliveries increased to 8.4 per day (range
4-15) for the period from D26 to D38, then dropped to 3.8 per day (range
0-7) from D39 to D42 as interactions with young at the nest decreased. The
number of prey deliveries by the male increased during this period, reaching
a high of seven on D35, while those of the female decreased over the same
period (Figure 3). We believe that prey deliveries began to be missed during
this period as chicks increasingly moved out of the nest and onto adjacent
branches, beginning on D26, where they were out of view of the camera.
Although we could not quantify deliveries occurring out of view, we presume
that the total number of prey deliveries did not actually decrease substantially
from D39 to D42.

Behavior and Development of Nestlings

Using criteria based on those defined for the Merlin by Oliphant and Tes-
saro (1985), we described the nestlings’ behavior and development across five
stages of the nestling period. This period covers early stages when nestlings
are heavily dependent upon the adults for food and protection from the
elements (newly hatched and small downy) through greater independence
from adults for maintaining body temperature (large downy and feathered
nestlings), and finishing with the stage when the chicks require only food
from the adults (branching). See representative images in Figure 4.

Newly hatched (D0-D3). Within hours of hatching, young Merlins were
able to hold their heads up and beg during feedings; recall that the date DO

FIGURE 4. Development of Merlin chicks monitored by webcam. A, age 5 days; B, age
18 days; C, age 21 days; D, age 26 days.
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is standardized for the brood, so this observation reflects individual chicks
regardless of which day they actually hatched. Their eyes were completely
closed through D2 and they appeared to react mainly to the “tic” calls the
female made while feeding. The ability to move increased rapidly and chicks
occasionally moved themselves out from under the brooding female by the
end of this stage. When left alone, even for short periods, the chicks huddled
together, facing each other.

Small downy (D4-D10). The chicks’ eyes were opened completely by D4,
and by D5/D6 the chicks appeared to orient themselves to the female by sight
when feeding. The chicks actively backed away from the main scrape area to
defecate, balancing by spreading their unfeathered wings. They remained
awake duringlong periods of both day and night and began to escape regularly
from under the brooding female. Locomotion on their tarsi developed during
this period, and on D6 one chick tried to climb up the nest’s edge. By the end
of this period, chicks were fairly stable, walking on their tarsi and using their
wings to balance. One chick was up on its toes on D10 but very unstable.

By D6 chicks reached for food offered by the female and by D7 rocked up
on their tarsi while feeding. The latter behavior was used frequently to reach
over other chicks and involved a combination of rising up on tarsi and using
other chicks for support. By D8 chicks grabbed food from the beaks of others
and pecked at each other during feedings. By D9 chicks pushed and jostled
each other for a favorable position during feedings and sometimes grabbed
at the carcass being held by the female. Preening behavior was noted for the
first time on D6 and became common thereafter. The first wing stretch was
noted on DY, and sheaths of emerging primaries supplied with blood could
be clearly seen at this time.

Large downy (D11-D18). The chicks rapidly increased in size, as well as
gaining balance and coordination during this stage. Flight feathers broke
through their sheaths first in the wings and then tail. By D17 the tail and
wing feathers extended out far enough to be seen even when the wings were
folded, and by D18 primaries (3-4 cm) and tail feathers (1 cm) extended
beyond feather sheaths with about 1 cm exposed. The chicks’ posture and
movement changed from shuffling on their tarsi to standing and walking
upright on their toes, starting by D14 for periods of less than a minute and
then transitioning to most of the time by the end of this period. Chicks began
to actively seek shade by D12 and spread out when the sun was bright, but
they still huddled together when temperatures were lower. Chicks were able
to climb up onto the nest’s edge and had sufficient balance to scratch their
face while standing on one leg (on D12), and also to stretch their wings and
legs. Wing-flapping became common during this period, and preening in-
creased as the juvenile plumage emerged to replace down. Chicks also began
to vocalize during this period.

By D14 feeding became more independent of the female. Chicks actively
grabbed larger pieces of food with their beaks from the female or from the
carcass itself. These pieces were either swallowed whole or held down with
their feet and fed from directly. Until at least D17, however, the chicks still
relied primarily on the adults to tear pieces from the carcass, although they
often moved away from the female to feed themselves when given larger
pieces. Casting of pellets was generally missed because of the brevity of this
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activity; the only time a chick was actually observed casting a pellet was just
before it fed on D17. We noted chicks starting to sleep with their head tucked
into their scapular feathers by the end of D13, and the chicks were not at-
tended overnight for the first time on D15.

Feathered nestling (D19-D25). The chicks approached full body size dur-
ing this period. The flight feathers continued to grow and the body down
was rapidly replaced by contour feathers; these changes were accompanied by
extensive preening. During this period chicks more often took larger pieces
of food from the female, fed themselves, and attempted to eat directly from
carcasses held by parents. Whole prey items were forcibly taken from the
male, and chicks unsuccessfully attempted to take carcasses from the female.
Chicks showed increasing interest in events outside the nest and bobbed their
heads as they watched their parents depart from the nest or recognized the
approach of a parent. Vocalizing and wing-flapping became more common
during this period. On D19 one chick jumped down from the nest edge into
the nest cup while flapping its wings, and on D24 one chick moved through
a combination of jumping and flying across the nest while flapping its wings,
followed on D25 by similar behavior of all chicks.

Branching/fledgling (D26-D32). The chicks reached adult size during this
stage, except for completion of flight-feather growth. On D26 they began to
leave the nest platform and move out of camera view into the surrounding
branches. By this time only wisps of down remained on the head and back of
all but the least developed chick. Nestlings first departed the nest by jumping
or climbing onto the surrounding branches and moved in and out of nest
repeatedly, quickly reaching a point where the nest was often empty during
the day although they continued to return to eat, sleep, and to spend the
night. On D31 Kozij watched from the ground while two chicks made a flight
of ~70 m from the nest tree to an adjacent tree; this timing for unequivocal
departure from the nest tree matches the various estimates of fledging in
the Merlin (28-32 days; Newton et al. 1978, Becker and Sieg 1985, Oliphant
and Tessaro 1985). During the initial days of this period the least developed
chick frequently fed first when the female arrived, as it appeared more likely
to remain on or nearer the nest platform. Beginning on D26, chicks regularly
stole prey from one another, and from the female, engaged in tug-of-wars over
prey, and mantled (covered prey with body and spread wings) while eating.
By the end of this period, the parents often arrived with prey to an empty
nest but were quickly joined by chicks who then fought over the prey item.
Two chicks slept away from the nest for the first time on the night of D30,
while the two remaining chicks slept in the nest, standing with heads tucked
into scapular feathers. All four chicks spent the night away from the nest on
D31. We observed five chicks in the nest together for 3 min on D31, the fifth
individual presumably being a fledgling from a nearby nest.

Post-fledging (D33-D42). One chick remained in the nest on the night of
D32. At 05:00 on D33, the other chicks climbed into the nest from below.
Subsequently the nest was empty overnight, but chicks arrived shortly after
sunrise on most mornings throughout this period, usually in association
with prey deliveries to the nest by adults or chicks arriving with prey items
already retrieved from parents. Although the nest was mostly empty during
the daytime of this period, through D42 (22 July; Figure 3) the adults con-
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tinued delivering prey to the nest, followed quickly by the arrival of one or
more chicks. On D33, five chicks were again observed in the nest during the
day. On D41, Kozij watched from the ground while three young Merlins flew
past the nest tree, showing great control of flight, and later observed seven
Merlins chasing each other several hundred meters away from the nest tree.

DISCUSSION

The Merlin’s nesting behavior that we observed by webcam, in terms of
parental roles, breeding chronology, and chick growth and behavior, broadly
matched patterns previously reported on the basis of other approaches.
However, by periodic monitoring (as described in the Methods) from nest
initiation through incubation and then continuous monitoring from hatch-
ing to fledging, our study provides detail far greater than previously pos-
sible. Representing only a single nest, our study illustrates a clear division of
parental roles that matches the extreme reported for the species: the female
responsible for the nest and young, the male providing food (Warkentin et al.
2005). Additionally, our detailed observations facilitate greater understanding
of the Merlin’s nesting behavior in terms of the level of asynchrony of hatch-
ing, how the adult female’s allocation of food may help offset competition
for food among the young and enhance chicks’ survival, a need to revisit the
question of when homeothermy becomes established in young Merlins, and
the fate of unhatched eggs in the nest.

Our observations of the timing of egg laying, length of incubation period,
and extent of asynchrony of hatching largely agree with values reported in
the literature. Merlins lay at an interval of 2 days (see reviews by Cramp and
Simmons 1980, Palmer 1988), as we observed. Reported values for the onset
and duration of incubation vary much more widely. Both Fox (1964) and Rut-
tledge (1985) suggested that full incubation may begin only after the final egg
is laid, but observations of captive birds suggest partial incubation (bouts of
incubation rather than continuous) before the clutch is complete (Ruttledge
1985). Although the female was often on the nest and apparently incubating
after the third egg was laid, without temperature monitors in the nest we were
unable to ascertain the start of full incubation when heat provided by the
female leads to the embryo developing (as defined by Wang and Beissinger
2011). The female’s nest attendance suggests incubation phased in gradually,
as there was no obvious switch in behavior from limited or no incubation
to full incubation that started with either the penultimate or last egg. This
gradual increase in incubation activity over time presumably led to the slightly
asynchronous hatching over ~36 hours that we observed, rather than a syn-
chronous hatching within 24 hours (terms as defined by Wang and Beissinger
2011). Hatching has been described as synchronous or slightly asynchronous,
but there are few precise data for wild Merlins (see overviews by Cramp and
Simmons 1980, Palmer 1988). Among raptors more generally, there is an
expectation of high intraspecific variability in the onset of incubation and
degree of asynchrony of hatching (Bortolotti and Wiebe 1993, Miller et al.
2020). Our observation of Merlin chicks hatching over 3 calendar days (but
actually 36-38 hours) matches the patterns in the American Kestrel (Falco
sparverius; Bortolotti and Wiebe 1993) and also suggests partial incubation
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being initiated before the final egg was laid, as documented for the kestrel
(Wiebe et al. 1998). The Merlin’s incubation period is reported as 28-32 days
(Cramp and Simmons 1980, Palmer 1988). Because of our uncertainty around
the actual start of incubation we were able only to estimate a 30-day period
if incubation began with the laying of the final egg, or 32 days if incubation
began with the penultimate egg.

Although observations were intermittent rather than continuous during
the incubation period, we detected only a single instance of the male briefly (1
min) incubating the first egg laid. This apparent lack of the male contributing
to incubation is in sharp contrast with observations by others. On the basis
of a combination of ground-level observations and the flushing of incubating
birds at multiple nests per study, male Merlins contribute to incubation (at
least during daytime) at levels ranging from 7% to 33% of the time (Newton et
al. 1978, Laing 1985, Sodhi et al. 1992, Heavisides et al. 2017). But the male’s
contribution to incubation could be even higher. Rowan’s (1921-1922) obser-
vation of a single nest indicated only a slight bias toward the female in terms
of time incubating during the day and one instance of the male incubating
through an entire night. This range of values may reflect individual behavioral
variability among females rather than a need for the female to leave the nest to
feed. Even when the female is not incubating for extended periods, data from
direct observations suggest that the male still provides most if not all food
for the female during incubation (Rowan 1921-1922, Laing 1985, Sodhi et al.
1992) and spends much less time on the nest. Possibly, the pair we observed
represents an extreme case of female dominance; the male essentially never
incubated and never remained at the nest for more than a few seconds while
the female was in attendance. Likewise, when the male arrived with food it
was taken quickly by the female. Food transfers seen by ground observation
at numerous Merlin nests appeared much more prolonged with less aggres-
sion from the female when taking carcasses from the male (Oliphant unpubl.
data). We also detected no extensive or frequent “mutual nest displays” as are
typical of most large falcons with which we are familiar, such as the Peregrine
(E peregrinus; White et al. 2002).

Nest attendance approaching 100% during the first week after hatching
is not uncommon among raptors, and is a behavior attributed primarily to
the female in most species (Newton 1979). Attendance declines substantially
once the nestlings reach thermoregulatory independence (Holthuijzen 1990,
Katzenberger et al. 2015, Keeley and Bechard 2017). The species’ body size
and rate of development modify the chicks’ time to homeothermy and the
associated drop in the adults’ brooding, but brooding varies in response to
weather such as rain and abnormally cold or warm temperatures (Watts 2014,
Katzenberger et al. 2015). Our observations align with expectations in terms
of parental roles during the nestling phase, but the suggestion that Merlins
attain homeothermy by D7 (Warkentin et al. 2005) may be too optimistic,
given the continued brooding past D7 that we observed. The female remained
on the nest for at least 75% of each day through D11, and only thereafter
reduced her time at the nest until D17, after which she never brooded the
chicks except following rain on D18. The male was observed brooding the
chicks for only brief periods on DO and D8, which concurs with Newton et
al. (1986), who found that until D10 male Merlins brood only occasionally.
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In terms of food provisioning, our observations are in accord with direct
ground observations suggesting that male Merlins provide most of the food
during the nestling period, the female’s involvement increasing only later
(Lawrence 1949) or around fledging (Rowan 1921-1922, Laing 1985, Sodhi
et al. 1992; unpubl. data). The increase of male raptors’ presence at the nest
in the later stages (Warnke et al. 2002, Booms and Fuller 2003, Kross et al.
2012), as well as diminished overall parental presence at the nest, is wide-
spread and attributed to a combination of homeothermy among the chicks,
potentially decreased susceptibility to predators, and increased demand for
food (Newton 1979). While such factors may help drive these changes, the
time the male spent at the nest we observed may have depended more on the
simple fact that the female was absent from the vicinity of the nest once she
began hunting, leaving opportunity for the male to be more directly involved.

Although we were unable to identify to species all but a few of the prey
delivered to the nest, most were headless carcasses of sparrow-sized birds. As
a consequence of the adults’ selection of such prey (small songbirds constitute
the vast majority of the Merlin’s diet in this region; Warkentin et al. 2005),
the growing chicks’ increasing demand for food was met with an increasingly
higher average daily rate of prey delivery. Nevertheless, deliveries of prey to
the nest seemingly dropped late in the nestling period, presumably a time
of greater energetic need for the nearly full-grown chicks. Most likely this
reflected the chicks being provisioned away from the view of the webcam
rather than an actual decrease. Similarly increased provisioning of nestling
raptors is widespread where prey availability is sufficient to meet the chicks’
demand, either via increased rates of delivery or the delivery of larger prey
(e.g., Watts 2014). At their highest, the rates of prey delivery we observed are
slightly lower than Laing’s (1985) estimate of 9.6 deliveries per day across the
nestling period for Merlin nests in Denali National Park, Alaska. This differ-
ence may be attributable to a difference in the availability of larger prey species
found around our nest site. Late in the nestling period, the adults delivered
several carcasses of birds with long dark tarsi that were probably Common
Grackles (Quiscalus quiscula), abundant in the area (Kozij unpubl. data) or
other species of blackbirds; the male also appeared with one medium-size
wader that was probably a yellowlegs (Tringa sp.).

The chicks’ competition for food became more evident by D9 as they
jostled for favorable positions during feeding. Throughout the nestling pe-
riod, however, when beak-to-beak feeding was common, the female often
continued feeding the same chick as long as it begged, paralleling observa-
tions of raptors elsewhere (Byholm et al. 2011, but see Fargallo et al 2003).
Targeted parental feeding like this may limit competition among siblings
through the female’s allocation of food resources and enable her to maximize
her productivity under circumstances when food is apparently abundant
(Szojka et al. 2020).

While our study was based on placing a webcam at a single nest, these ob-
servations were useful in confirming many aspects of Merlin behavior during
the nestling phase of the annual cycle that had been identified from ground-
based and nest-visit studies. Until nearly midway through this nestling phase,
the female was dominant in her role of providing care for the young at the
nest. The male tended the young for very brief periods when the female was
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absent, but otherwise appeared on camera only to deliver food to the nest.
The webcam did give us a much more detailed view of the constant com-
petition for food among the chicks but also the apparent efforts of the adult
female to ensure that each chick received sufficient food. Given the camera’s
limited field of view, either additional cameras or ground observers would
have greatly aided in documenting the chicks’ behavior as they moved away
from the nest itself and into the surrounding branches during the later stages
of the nestling period. That said, the capacity for citizen science by webcam
is enormous and provides a great way to introduce the broader public to the
fascination of being able to watch birds up close.
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ABSTRACT: During the 20th century the Swainson’s Hawk (Buteo swainsoni)
was an infrequent migrant through the central Coast Range of California with no
breeding documented. Since 2005, however, several breeding pairs have established
nest sites in the region. We studied Swainson’s Hawks during the breeding seasons of
2019 and 2020 in a portion of the central Coast Range to estimate their abundance
and distribution there. We observed individual hawks systematically and monitored
their nesting activity and breeding outcomes in suitable habitat in Alameda, Santa
Clara, and San Benito counties within the Coast Range and sought to characterize
the habitat of this small outlying population. From 2019 to 2020 the numbers of
nesting pairs increased from 3 to 5, of young fledged from 1 to 6, and of individual
adults from 15 to 22. Swainson’s Hawks were more closely associated with farmland
than with grassland, and nests were located in areas that were closely associated with
both grassland and farmland. The increase of this species in the central Coast Range
and its use of agricultural areas is of conservation significance for land managers
and wildlife and conservation agencies, given that the California Department of Fish
and Wildlife has designated it as threatened.

The Swainson’s Hawk (Buteo swainsoni) is a long-distance migrant that
spends the boreal spring and summer in western North America (Bechard
et al. 2010). It once bred widely through the valleys of California, but by the
mid-20th century its population had declined precipitously (Bloom 1980).
In 1983, the species was accorded “threatened” status under the California
Endangered Species Act (California Natural Diversity Database 2020). Since
the early 2000s, the number of Swainson’s Hawks breeding in California has
increased, especially in the middle latitudes of the Central Valley where 95%
of the state’s population currently nests (Battistone et al. 2019). Breeding pairs
have also recently nested in areas where they have long been absent, including
the valleys of the central Coast Range in Santa Clara and San Benito counties.
A pair of Swainson’s Hawks has nested in Coyote Valley, San Jose, Santa Clara
County, since 2013, the first pair nesting in the area since 1894 (Phillips et al.
2014). Also in 2013, the first San Benito County nest was found (Phillips et
al. 2014). In 2018, another pair began nesting in Santa Clara County at Gil-
roy. Swainson’s Hawks have similarly nested for the first time in decades just
to the north in Napa and Sonoma counties, where the Golden Gate Raptor
Observatory monitored eight nests in 2013 (Phillips et al. 2014; Allen Fish
pers. comm.).

During 2019 and 2020, we estimated the abundance and distribution of
Swainsons Hawks and assessed their breeding in Santa Clara, San Benito,
and Alameda counties. We surveyed the landscape systematically to record
occupancy, the number of Swainson’s Hawks, and their habitat use. We also
monitored all active nest sites to determine how many individuals were breed-
ing and the nests’ characteristics, status, and success rate. To our knowledge,
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this was the first systematic survey and monitoring of the Swainson’s Hawks
in this region, generating information that should prove useful to wildlife and
land-management agencies and organizations in assessing the suitability of
habitat for this species.

STUDY AREA

The study area extended from El Cerrito (Alameda County) in the north
to Paicines (San Benito County) in the south (Figure 1). It was bordered by
San Francisco Bay and the Santa Cruz Mountains on the west and the Diablo
Range on the east. This area comprises highly developed urban and suburban
areas near San Francisco Bay and in the Santa Clara Valley, open space (largely
open grassland) and private land (used for cattle ranching or golf courses) in
the surrounding hills, and scattered residential development, light industrial
facilities, and agricultural areas in the less developed valleys. Dominant native
trees within the valleys include Valley Oak (Quercus lobata), Coast Live Oak
(Q. agrifolia), Western Sycamore (Platanus racemosa), Fremont Cottonwood
(Populus fremontii), and various willows (Salix spp.). Agriculture included
row crops, hayfields, orchards of fruit and nut trees, and vineyards.

METHODS
Landscape and Occupancy Survey

Drawing on methods established for surveying Swainson’s Hawks and
associated habitat (Gifford et al. 2012) and expert advice, we overlaid a map
of the study area with a grid of 5 x 5 km plots in ArcGIS Online (version
2.0, ESRI, Redlands, CA). Since in California breeding Swainson’s Hawks
are restricted primarily to valleys at lower elevations (Gifford et al. 2012), we
omitted plots with a largely mountainous topography (>300 m elevation on
average), giving us a sampled area containing 153 plots that totaled 3825 km?.

We used a conceptual model of Swainson’s Hawk’s habitat associations
and nesting behaviors to stratify the sampled area into habitat types and
to inform our selection of plots to survey. Preferred habitat included open,
flat, or hilly grasslands and certain types of agricultural fields, especially of
alfalfa and other low-growing crops (Bloom 1980, Estep 1989, Babcock 1995,
Fleishman et al. 2016). To aid in stratifying the plots, we overlaid our map
with a layer from the National Land Cover Database (NLCD16), dated 2016
and available from the Multi-Resolution Land Characteristics Consortium
(US. Geological Survey data release, https://doi.org/10.5066/P96HHBIE),
and estimated the percentages of grassland and farmland (preferred habitat)
in each of the plots. Grassland in the NLCD16 included areas of herbaceous
and graminoid vegetation. Farmland included the categories of cultivated
crops and areas of pasture and hay. The NLCD16 land-cover layer did not
distinguish crop types within agricultural uses, so our estimations of the
percentages of farmland may have included unsuitable areas such as orchards
and vineyards (Swolgaard et al. 2008). We then categorized the sampled area
by the percentages of grassland and cropland and calculated a suitability
index for each plot based on its combined percentage of these habitat types.
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FIGURE 1. Habitat suitability of the plots within the study area. Plots in boldface were
surveyed in 2020. Stars indicate nests monitored in 2020, named from north to south
as follows: Coyote Valley, Ortega Creek, San Felipe Road & 152, San Felipe Road &
156, and Santa Ana Valley Road.

We plotted our observations of nesting Swainson’s Hawks in 2018 as well as
observations of individual Swainson’s Hawks reported through eBird (http://
ebird.org) between March and August in 2018. In all plots where Swainson’s
Hawks were observed in 2018 the combined coverage of grassland and farm-
land was >40%, so we defined that percentage as the threshold above which
suitability was high. Seventy (46%) of the 153 total plots in the study area
contained >40% of these types of land cover. We categorized the remaining 83
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plots by percent coverage of grass and farmland into three additional strata,
defined as moderately suitable (25-40%; n = 17), less suitable (10-25%; n =
11), and least suitable (<10%; n = 55). For field surveys, we randomly selected
18 plots characterized as most suitable, five characterized as moderately
suitable, three characterized as less suitable. and one characterized as least
suitable, for a total of 27 survey plots. We increased the total to 31 by adding
four further plots after colleagues and reporters to eBird observed pairs likely
nesting in them. We surveyed each plot one to three times over the course of
the breeding season from April through mid-September (Table 1).
Following our 2019 field surveys, we transferred our GIS maps to the
program QGIS (version 3.10 a Coruia, https://qgis.org) and made some
changes to the sampled area. We identified additional plots as unsuitable or
unavailable for sampling (e.g., too mountainous or inaccessible) and elimi-
nated them from the sampled area, leaving 123 plots (3075 km?) in the area
sampled during the 2020 survey. We added a covariate for urban development
because in 2018 and 2019 Swainson’s Hawks were more frequently observed
in relatively undeveloped areas, defined by the NLCD16 as less than 20%
covered with nonpermeable surfaces, and all Swainson’s Hawks confirmed
nesting were in undeveloped areas or areas developed at low intensity (i.e.,
coverage of impermeable surface 20-49%). Using the NLCD16 data layer
we estimated the percentage of developed area in each plot, then used the
percentage of developed area in each plot as a habitat deficit for Swainson’s
Hawks. Subtracting the percentage of developed areas from the percentage
of suitable areas for each plot gave an index of suitability ranging from 1.0 to
-1.0. Dividing this range into four equal intervals gave us the following habitat
categories. Highly suitable plots were those with an index greater than 0.5
(n = 48) and made up 39% of the total number of plots, moderately suitable
plots ranged from 0.0 to 0.5 (n = 23), less suitable plots from -0.5 to 0.0 (n =
20), and least suitable plots less than -0.5 (n = 32) (Figure 1). We then ran-
domly chose a total of 30 plots to survey without regard to whether they were

TABLE 1 Numbers of Plots Surveyed and Occupied and Swainson’s Hawks
Observed by Phase of the Nesting Cycle in the Central Coast Range, Califor-
nia, 2019 and 2020

Plots Plots Percent Hawks

Year and phase surveyed (n) occupied (n) occupied counted (1)
2019

Arrival/courtship 30 7 23 12

Incubation/brooding 31 5 16 9

Fledging 22 3 14 6

Season” 31 9 29 15
2020

Arrival/courtship 4 2 50 2

Incubation/brooding 22 8 36 8

Fledging 21 8 38 20

Season” 23 8 35 22

“Counts of the plots surveyed or occupied at least once during the season. Season totals reflect
adjustments for duplicate counting.
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surveyed in 2019. This resulted in 21 plots from the highly suitable category,
and three plots each from the moderately, less, and least suitable categories.

Using the well-documented phenology of Swainson’s HawK’s nesting cycle
(Bechard et al. 2010), we divided our survey schedule into three phases:
phase 1 (arrival/courtship) from 15 March to 30 April, phase 2 (incubation/
brooding) from 1 May to 14 July, and phase 3 (fledging) from 15 July to 15
September. Our goal was to survey each selected plot three times during the
breeding season, once during each phase of the cycle. In 2019, we were able
to visit each selected plot at least twice. In 2020, because of the public-health
restrictions imposed during the covid-19 outbreak, we focused our efforts
on the selected highly suitable plots and visited those at least twice (Table 1).

In 2019, we drove all major roads looking for nests and individual Swain-
son’s Hawks. We also did point-count surveys for a minimum of 30 minutes
from vantage points that gave unobstructed views of large portions of the
plot. The survey protocol changed in 2020. During each survey, observers
located riparian corridors within the plot and observed for 30 minutes at
1-km intervals along roadsides or public trails at the edge of the riparian
corridor. It was impossible to view the entirety of each plot or riparian cor-
ridor because of obstructions such as dense development, tree canopy, and
inaccessible areas. We categorized each plot as 0 (unoccupied) or 1 (occupied
by one or more individuals), recording the number of Swainson’s Hawks and,
when discernible, their sex, age (Crossley et al. 2013), and morph, follow-
ing Palmer’s (1988) classification. We plotted their location, flight pattern,
direction, and behavior, specifying the hawks’ locations by measuring the
distance from the center of their activity to the observation point in Google
maps. To minimize the risk of double counting, we assumed that hawks seen
in a given plot on more than one date were the same individuals. We used the
maximum number of hawks seen in a plot on any one date as the total count
of individuals for that plot. If a nest was discovered, we added it to the nest-
monitoring schedule and monitored it biweekly to determine its outcome.

After the completion of surveying in 2020, we analyzed habitat character-
istics in the occupied plots within the surveyed area. We refined the habitat
characteristics of each plot in the sampled area by generating a histogram
of NLCD16 land-cover types within each plot by using a raster layer zonal
histogram tool in QGIS a Coruiia. We then analyzed the mean percentages of
grassland, cultivated crops, and development in each of the plots surveyed in
2020 and compared the landscape characteristics of occupied and unoccupied
plots. We used a chi-squared test to evaluate the relationship among the three
land-cover types in the occupied and unoccupied plots. We also counted the
number of times Swainson’s Hawks were observed circling directly over each
habitat type (grassland, farmland, or urban).

Nest Monitoring and Habitat

We monitored all active nests from April through August every 14 days
until fledging, nest abandonment, or failure was confirmed. If new active
nests were discovered during the season, we added those to our monitoring
schedule. During visits, we recorded the plumage characteristics (morph) of
the adult hawks (Palmer 1988) and the nest’s stage, noting the presence of
adults, incubation or brooding behavior, prey deliveries, the appearance of
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young in the nest, and fledging. To avoid disturbance of the nesting pair, our
monitoring sessions lasted only long enough to confirm that the nest was still
active and to count adults and young. We considered a nesting attempt to be
successful if at least one young fledged. Fledging was defined as branching
from the nest, not the first flight. After monitoring was completed in 2020,
we analyzed the area within a 2.5-km radius around each nest and calculated
the percentage of grassland, farmland, and urban development within each
circle. We did a ¢ test to characterize the relationship between the different
habitat types surrounding the nests.

RESULTS
Landscape and Occupancy Survey

Table 1 summarizes the number of occupied plots per phase in each year.
In 2020, we observed an increase in the percentage of occupied plots in all
three phases of the survey and a seasonal increase of 21%. We estimated the
number of individual Swainson’s Hawks seen over the season in 2019 and
2020 as 15 (0.39/100 km?) and 22 (0.72/100 km?), respectively. The majority
of the hawks observed during the survey were foraging (i.e., circling, kiting,
or diving) over agriculture in southern Santa Clara County and northern San
Benito County, but other behaviors were also observed, including soaring,
undulating, pursuit of an intruder, and courtship.

In 2020 Swainson’s Hawks showed a strong preference for farmland
over grassland or urban development, as evidenced by a chi-squared test
comparing land cover in occupied and unoccupied plots (n = 23, y* = 54.88,
p < 0.001). Of the 23 plots that were surveyed in 2020, the 8 occupied plots
had a larger mean percentage of farmland (59%) than of grassland (27%)
or urban development (13%), while the 15 unoccupied plots had a larger
mean percentage of grassland (69%) than of farmland (9%) or urban areas
(8%). Also, we observed more instances of Swainson’s Hawks using fields
that were fallow, tilled, or in a phase of crop growth (n = 22) than instances
of grassland use (n = 10).

Nest Monitoring and Habitat

Figure 1 shows the locations and names of all sites of nesting in 2020,
which were clustered in southern Santa Clara and northern San Benito coun-
ties. Table 2 presents the data on each nest’s success.

The Coyote Valley pair, both of the intermediate morph, were observed
soaring together and rebuilding a nest in a Western Sycamore in the courtyard
of two wings of a K-8 public school on 14 April 2019. The surrounding habitat
includes lawns and playing fields, impermeable surfaces, various cultivated
trees such as Deodar Cedar (Cedrus deodara) and pines (Pinus spp.), fallow
fields of non-native forbs and shrubs, bare crop fields, and a riparian corri-
dor lined with willows, oaks, cottonwoods, California Black Walnut (Juglans
californica), and English Black Walnut (J. regia). The nest was situated ~10 m
above the ground and ~2 m below the canopy. The female sat briefly on the
nest and made soaring flights over the nest tree and adjacent bare farm fields
on 14 April. On 21 April both individuals were at the nest site, soaring above
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TABLE 2 Outcomes of Swainson’s Hawk Nests in Southern Santa Clara and
Northern San Benito Counties

2019 2020
Nests Nests

Site County  attempted Fledglings  attempted Fledglings
Coyote Valley Santa Clara 1 0 2 2

San Felipe & 152 Santa Clara 1 1 1 2
Santa Ana Valley San Benito 1 0 1 1
Ortega Creek San Benito ? ? 1 ?

San Felipe & 156  San Benito ? ? 1 1
Total 3 1 6 6
Success rate” 0.33 1.0

“Fledglings per nest attempted.

the nest tree and foraging over a bare field to the west. Only one Swainson’s
Hawk, the presumed male, was seen during each subsequent visit from 4 May
to 30 July 2019, and the nest appeared to be abandoned. Since the presumed
female was never observed incubating and subsequently disappeared, we
considered this nesting attempt to have failed.

The San Felipe Road nest was the only successful nest in 2019. Both adults,
an intermediate-morph female and alight-to-intermediate-morph male, were
seen on 2 April 2019, soaring together and building a nest in a Valley Oak
adjacent to a busy road and a hilly area of ranchland to the north. The nest
was located ~10 m above the ground in one of the branches of the canopy.
The habitat around the nest consists of pasture on the hillsides and vineyard
and orchards in the flatter areas to the south. There are several farmsteads
and homes nearby as well as a small vegetable market. Dominant trees are
Valley Oak, eucalyptus (Eucalyptus sp.), and pine along with ornamental trees
around the houses. The riparian area of Pacheco Creek is ~1 km to the south.
On 19 July, the female Swainson’s Hawk was perched at the edge of the nest,
which contained two young. A fledgling was observed on 3 August, and the
second young was not observed on that date. We considered this a successful
nest that fledged one young.

The Santa Ana Valley Road pair was discovered on 29 April 2019. A light-
to-intermediate-morph bird, presumably the female, was sitting in a nest in a
grove of several eucalyptus trees, and a dark-morph individual, the presumed
male, was perched below the nest. The nest was situated ~15 m from the
ground and ~2 m below the top of the tree. The immediate surroundings of
the eucalyptus grove consist of rolling hills of grassland made up of native
and non-native grasses, forbs, and scattered fields in which wheat, barley, or
hay grow to varying heights through the season. Land use includes a couple
of isolated farmsteads with shelterbelts of pine trees surrounded by large
tracts of pastureland. The male was seen again on 13 June, but only remnants
of the nest remained. No Swainson’s Hawks were present on the last day of
observations (27 July), and we presumed the nest was abandoned.

Early in the 2020 breeding season we returned to the locations of the nests
thathad been active in 2019 (Figure 1). We observed pairs at the Coyote Valley
and San Felipe Road nest sites during 10 visits between 7 April and 31 July
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2020. We visited the Santa Ana Valley Road site and found evidence of nest-
ing in late June and revisited that nest on six subsequent occasions. A fourth
nest near Ortega Creek in San Benito County was located by S. Rottenborn
(pers. comm.) and was monitored by us on four occasions. A probable pair
was observed on 6 May 2020 near Highway 156 and San Felipe Road in San
Benito County, and we monitored this site for a total of five times.

We assumed all the individual hawks associated with active sites from the
previous year were the same individuals returning in 2020, except for the fe-
male of the Coyote Valley pair, as its female was differently plumaged (light to
intermediate morph) and over the entire season the original female was never
observed. In 2020, the Coyote Valley pair fledged two young (Figure 2), which
were observed branching from the nest on 11 July. Two young fledged from
the San Felipe Road nest as well and were seen flying on 17 July. The Santa
Ana Valley Road pair successfully fledged one young, seen flying on 26 June.

The Ortega Creek pair, both of a dark to intermediate morph, was ob-
served by S. Rottenborn (https://ebird.org/checklist/S66681390) building a
nest and copulating on 4 April 2020. The nest tree is east of San Felipe Lake
in a wetland that is fed by Ortega Creek, Pacheco Creek, and the Tequisquita
Slough. The lake and wetland are adjacent to barren fields, cultivated crop-
land, and pastures interspersed with small groups of willows and shrubs. On
12 June we observed one dark-to-intermediate individual perched in a willow
at the location reported by Rottenborn. It was perched for 25 minutes, then
flew to the southeast and began soaring above the wetland with Turkey Vul-
tures (Cathartes aura). The nest was not visible from our observation point.
We visited the site twice more on 19 June and 17 July but observed no adult or
young Swainson’s Hawks at or near the nest so could not determine its success.

An additional pair of Swainson’s Hawks, one dark and one intermediate,
was seen consistently near the intersection of Highway 156 and San Felipe
Road in Hollister, San Benito County. The pair was seen soaring together and
exchanging prey on 29 May. This area is made up of grass and pastureland,

FIGURE 2. Young Swainson’s Hawks in nest in Coyote Valley, Santa Clara Co.,
California, 3 July 2020.

Photo by Larry Baer
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a mix of cultivated crops (oats, winter wheat, alfalfa, and other hay), small
almond orchards, and a few farmsteads. A small creek or irrigation canal
borders some of the fields and is lined with shrubs, scattered Valley Oaks,
and ornamental trees. A nest was not located, but on 26 July, the pair was seen
flying and interacting with a juvenile intermediate-morph Swainson’s Hawk,
which we consider evidence of a successful nesting with one young fledged.

Within the 2.5-km radius around each nest, the average percentage of
grassland (50%) was somewhat higher than that of farmland (41%), while
the average percentage of development (i.e., <20% of surface permeable) was
low (6%). A two-sample ¢ test revealed no statistically significant difference
between the percentage of grassland and the percentage of farmland in the
circle around each nest (t = 0.6. p = 0.3).

DISCUSSION

This survey of Swainson’s Hawks in three valleys of the central Coast
Range of California was the first systematic survey of nesting success and
patterns of habitat use in that region. Habitat stratification proved to be a
fruitful approach for predicting the presence of Swainson’s Hawks, and we
confirmed a minimum number of breeding pairs and individuals in the study
area. We observed an increase in the number of breeding Swainson’s Hawks
and occupied plots in the survey area from 2019 to 2020, but changes in the
survey protocol in 2020 could have enhanced our ability to detect the birds.
Further monitoring will be necessary for an estimate of the population size in
the study area and elsewhere in the central Coast Range. Continued surveying
is also needed to identify population trends in this region and possible causes
for this seeming expansion outside of the hawk’s typical range in California.

In their usage of habitat, Swainson’s Hawks were more strongly associated
with farmland than with grassland, information relevant to wildlife-man-
agement agencies and land conservancies that work with farmers and urban
planners. Grassland and farmland were also important for nesting Swainson’s
Hawks. In this region both types of habitat, therefore, need to be protected
from further urban, industrial, and residential development.

These preliminary data on the Swainson’s Hawks in a portion of the
central Coast Range do not shed light on the reasons for the expansion into
peripheral areas of the Central Valley. Possible reasons include the hawk
population in the Central Valley reaching carrying capacity, detrimental
land-use changes, or both. Since 1979, the California Department of Fish
and Wildlife has conducted three statewide surveys of this species (CDFW
2016), the most recent in 2005 and 2006 (Battistone et al. 2019). Together they
indicate that the Central Valley population has grown, but differences in the
surveys methods and intensity make establishing a trend difficult (CDFW
2016). Data from the North American Breeding Bird Survey, 1967-2019, tend
to verify an upward trend in Swainson’s Hawk abundance statewide (http://
www.pwrc.usgs.gov/BBS/), though the numbers recorded on this survey are
so low the trend is poorly supported statistically. Further study is necessary
if the Central Valley’s carrying capacity is to be estimated.

In California Swainson’s Hawks appear to be diverging in behavior from
populations elsewhere (Airola et al. 2019, Battistone et al. 2019). These be-
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havioral changes coincided with significant land-use change in the primary
breeding range, which could have driven the species’ adaptation to agriculture
and human proximity.

The California Environmental Quality Act (Public Resources Code,
section 21000 et seq.), requires mitigation at a ratio of 1:1 for destruction
of suitable habitat of threatened or endangered species, overriding cir-
cumstances notwithstanding. In practice, this requirement could increase
the patchiness of suitable habitat in the Central Valley, where pressure for
development continues. The Multi-Resolution Land Characteristics Con-
sortium now provides a tool that calculates changes in land cover over time
by county, which could reveal how suitable habitat in the Central Valley has
been modified. Swainson’s Hawks have been known to abandon territories
and nests because of disturbance (Estep 1989). Despite the availability of
patches set aside through mitigation, these displaced hawks could choose to
establish new nesting territories farther afield, establishing small, vulnerable
subpopulations in peripheral areas. Also, a greater understanding of the be-
havior, migration patterns, pair bonding, and nest-site selection of first- and
second-year Swainson’s Hawks would help clarify the reasons for the recent
changes in the species distribution.
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ABSTRACT: Consumption of the berries of two exotic bush honeysuckles (ge-
nus Lonicera) containing the red carotenoid pigment rhodoxanthin has resulted in
abnormal erythristic plumages in several species of birds in eastern North America.
Here we report 12 examples of plumage erythrism in the Western Tanager (Piranga
ludoviciana), in both live birds (5) and museum specimens (7), that we suspect
have the same etiology. The erythristic tanagers feature overtly orange to red feath-
ers variously scattered on the head, rump, wing coverts, and/or underparts, areas
of the plumage normally colored by carotenoid pigments. All were in their year of
hatching, so the reddened feathers, including replaced median coverts with orange
tips, represent formative plumage grown on or near the breeding grounds where
berries containing rhodoxanthin are available. By contrast, adult Western Tanagers
undergo body molt primarily in the Mexican monsoon region in fall and on their
winter grounds in early spring where bush honeysuckles are nonexistent. We also
report examples of Red-breasted Sapsuckers (Sphyrapicus ruber) with anomalous red
pigmentation on their backs and of Cedar Waxwings (Bombycilla cedrorum) with
orange tail bands, as previously documented in the East. In these species, the red-
dened areas are typically yellow or green, colors based on carotenoid pigments that
can be altered through the consumption of fruits containing rhodoxanthin. We con-
clude that these reddened feathers are the result of the consumption of honeysuckle
berries or possibly the red arils of the Pacific Yew (Taxus brevifolia), representing a
first report of diet-related erythrism in western North America.

Consumption of the berries of two introduced species of bush honeysuck-
les, the Morrow’s (Lonicera morrowii) and Tatarian (L. tatarica) honeysuckles,
has for the last several decades resulted in altered, erythristic (reddened)
plumages in birds of several species in eastern North America and the Ameri-
can Midwest (Mulvihill et al. 1992, Hudon and Mulvihill 2017). Here we
describe probable examples of plumage erythrism (reddening) linked to the
ingestion of the berries of these honeysuckles, or of the arils of the Pacific Yew
(Taxus brevifolia), native to western North America, which harbor the same
red pigment, in the Western Tanager (Piranga ludoviciana), Red-breasted
Sapsucker (Sphyrapicus ruber), and Cedar Waxwing (Bombycilla cedrorum),
representing a first report of this condition for western North America.

Many species of birds naturally deposit carotenoid pigments in their
feathers to produce bright yellow to red plumage colors, or, when accom-
panied by dark melanic pigments, green colors. The berries of the two bush
honeysuckles, uniquely among angiosperm fruits in North America, contain
a carotenoid pigment of intense red hue, rhodoxanthin (Brush 1990), that
can substitute for the normal, yellow carotenoid pigments in feathers, if it is
ingested at or just before the time of feather molt (Witmer 1996). A recent
compilation identified probable instances of diet-related plumage erythrism
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in at least 15 species of birds, primarily in eastern North America but also
in the American Midwest (Hudon and Mulvihill 2017). In a few of these
instances, the role of rhodoxanthin from honeysuckle berries in the feather
reddening is empirically well supported (Hudon and Brush 1989, Mulvihill et
al. 1992, Witmer 1996, Hudon et al. 2013, 2017). The species with examples
of erythristic plumages include the Northern Flicker (Colaptes auratus), the
Cedar Waxwing, the White-throated Sparrow (Zonotrichia albicollis), the
Baltimore Oriole (Icterus galbula), several species of wood warblers, the
Scarlet Tanager (Piranga olivacea), and the Northern Cardinal (Cardinalis
cardinalis). Photographs of reddened individuals of these species can be seen
in Flinn et al. (2007), Hudon et al. (2013), and Hudon and Mulvihill (2017).

Plumage erythrism resulting from the ingestion of berries containing
rhodoxanthin exhibits specific characteristics that stem from the way it is
produced (Hudon and Mulvihill 2017). First, we can expect the red colors
to be restricted to feathers that naturally contain carotenoids (which rhodo-
xanthin displaces), including those of bright yellow to red color, but also of
green color in feathers that harbor dark melanin pigmentation. Second, we
expect the reddened feathers to have been grown primarily in the summer
and fall when berries are available for consumption (Mulvihill et al. 1992,
Hudon et al. 2017). Many birds replace their body feathers in late summer,
often irregularly and gradually in different body regions simultaneously
(Jones 1930, Butler et al. 2002). Reddened feathers may thus appear scattered
over the brightly colored areas of the plumage, resulting in a speckled look
(Hudon and Mulvihill 2017). These individuals may subsequently lose the
red feathers as a result of the prealternate molt in spring, depending on its
extent in a given species or individual.

WESTERN TANAGER: EXAMPLES PHOTOGRAPHED IN THE FIELD

Male Western Tanagers in first and definitive alternate plumages (from
April to August) show variable amounts of red feathering in the head, some-
times extending to the upper breast and perhaps rarely to the mid-breast,
whereas females in all plumages and males in formative plumage (from Sep-
tember to March) show no red in the head or at most a few red feathers on
the forehead and elsewhere on the head in older females (Hudon 1999). The
remainder of the plumage, including most of the upperparts and underparts
and the tips of the median and greater wing coverts (wing bars), is primarily
black and olive-green to yellow, without red or orange (Hudon 1999).

We first became aware of fall Western Tanagers with anomalous orange-
toned feathers a few years ago, when Tim Reeves shared images of an odd
tanager he and others observed at Berg Park in Farmington, San Juan Co.,
New Mexico, on 13 September 2016. The individual had orange to red feath-
ers scattered over much of its body, including its crown, sides of the head,
nape, rump, throat (moustachial area), upper chest, belly, and lower flanks,
in areas otherwise yellow to greenish yellow (Figure 1A). Orange coloration
also extended to the tip of the median coverts of its upperwing (upper wing
bar). The reddish feathers gave the bird an overall orange glow.

More recently, another erythristic Western Tanager came to light when, on
25 September 2020, Nathan French, and subsequently Becky Turley, observed
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FIGURE 1. Western Tanagers with aberrant reddened feathers. A, Berg Park, Farmington,
New Mexico, 13 September 2016. B, Thompson Falls, Montana, 18 August 2015. C,
Coronado Golf Course, Coronado, California, 25 September 2020. D, along the West
San Gabriel River Parkway Nature Trail in Lakewood, California, 26 September 2020.

Photos by Tim Reeves (A), Jim Greaves (B), Nathan French (C), and Joyce Brady (D)
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a tanager with a “reddish/orange wash on the head, belly, and upper wingbar”
at the Coronado Golf Course in Coronado, San Diego Co., California (https://
ebird.org/checklist/S74050728, https://ebird.org/checklist/S74060848;
Figure 1C). Like the previous bird, this individual exhibited orange feath-
ers over much of the normally yellow to yellow-green areas of its plumage,
including the crown, sides of the throat, marginal lesser coverts at the bend
of the wing, and within the breast, belly and undertail coverts, as well as the
tips to the median coverts. At the time of the observation, the bird could be
seen eating berries (though not of bush honeysuckles), and other Western
Tanagers were nearby. The following day, on 26 September 2020, Joyce Brady
reported (https://ebird.org/checklist/S74103327) a third tanager with orange
feathers over much of its body, including the tips of the median coverts, along
the West San Gabriel River Parkway Nature Trail in Lakewood, Los Angeles
Co., California (Figure 1D). Finally, a search of the Macaulay Library image
catalog and https://ebird.org turned up other Western Tanagers with atypical
reddened feathers, including one photographed by Jim Greaves in Thompson
Falls, Sanders Co., Montana, on 18 August 2015 (Macaulay Library image
ML119879281; Figure 1B). The bird, a particularly bright hatching-year male,
exhibited orange feathers scattered over much of the normally yellow sections
of its plumage, including orange-tinged tips to the outer median coverts. Also,
Tom Crabtree photographed an erythristic tanager at Sawyer Park, Deschutes
Co., Oregon, on 12 September 2015 (https://ebird.org/checklist/S24921607).

We could find no mention in the literature of Western Tanagers with
reddened feathers in areas of the plumage other than the head as part of the
normal, or even extreme, variation in fall birds, i.e., as examples of phenotypic
plasticity in this species. Probably because of this, most of these individuals
were initially speculated to be hybrids between the Western and Summer
(P. rubra) tanagers, as males and many females of the latter species can have
red body plumage in the fall. But hybridization with the Summer Tanager is
quite uncommon in the wild (see Pandolfino et al. 2010). We found only two
well documented instances of probable hybridization between the Western
and Summer tanagers. A male Summer Tanager seemingly bred with a fe-
male Western Tanager in Colfax, Placer Co., California, in 2006, resulting in
probable hybrids (Pandolfino et al. 2010). Then a male resembling a Western
Tanager with a slightly oversized bill and generally orange plumage, associat-
ing with female Summer Tanagers, was first discovered by Brian Gatlin at
Red Rock State Park, Yavapai Co., Arizona, in 2006, relocated in 2008, and
photographed on 25 May 2009 (Gatlin 2009). The five tanagers we report here
did not exhibit the odd characteristics of these apparent hybrids or character-
istics suggesting hybridization with another species. Indeed, we might expect
a bird that was the product of past, or cryptic, hybridization between the two
species to show red in areas of the plumage that are red in the Summer Tanager
but don’t bear carotenoids in the Western Tanager (e.g., the centers of back
or flight feathers or coverts) and for the red to be more evenly distributed
over the body. Except for the presence of red to orange feathers, the birds
appeared perfectly typical of the Western Tanager in structure and plumage.

A far more likely explanation for the reddish feathers is that these individu-
als, like many birds in eastern North America, ingested berries of introduced
bush honeysuckles or other berries containing rhodoxanthin during the fall
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molt. It should come as no surprise that the phenomenon of diet-related plum-
age erythrism was first described and characterized in eastern North America
and the American Midwest. First introduced to eastern North America in the
late 1700s, Morrow’s and Tatarian honeysuckles were actively disseminated
there in the 1960s, promoted as providing food and cover to wildlife (Ed-
minster and May 1951, Witmer 1996), and have since became naturalized,
even invasive, in many states (Williams 2005). But the Tatarian honeysuckle
also grows in a number of western states, particularly in the north (Alaska,
Washington, Oregon, northern California, Idaho, Montana, Wyoming, Utah,
and Colorado), as well as in British Columbia, Alberta, and Saskatchewan in
Canada (see maps in Catling et al. 2016, Hudon and Mulvihill 2017, Klinken-
berg 2020), while the Morrow’s honeysuckle currently exists in several counties
in Wyoming, Colorado, and New Mexico (see map in Hudon and Mulvihill
2017). These honeysuckle species are not known from the southwestern United
States or northwestern Mexico. In moist, shady habitats throughout the North-
west the red arils of the Pacific Yew, like those of other members of the gym-
nosperm genus Taxus, offer another potential source of rhodoxanthin (Kuhn
and Brockmann 1933, Maoka et al. 1996). Western Tanagers are well known
to consume a variety of fruits, notably in mid to late summer (Bent 1958).
Beal (1907) found that nearly 18% of the material in the stomach content of 46
Western Tanagers from California between April and September consisted of
fruit. As expected for diet-related erythrism, the affected feathers are also ones
that naturally contain carotenoids in the species, i.e., feathers that normally
have yellow or greenish tones in fall Western Tanagers, as on the crown, head,
underparts, rump, tips to the median coverts, and the marginal lesser coverts
located near the bend of the wing. The reddened feathers were also scattered
about the birds’ plumages, often a hallmark of diet-related plumage erythrism.
All four birds shown in Figure 1 as well as the individual photographed in
Oregon had the tapered rectrices and lightly worn outer primaries that indicate
juvenile feathers retained into fall of hatching-year birds (Pyle 1997). The olive
and yellow tones to the body feathers indicate that all five birds had undergone
some or all of their preformative molt, the molt that replaces the juvenile
plumage, since juveniles tend to be brownish and have streaks to the breast. In
addition to the body plumage the birds had replaced median coverts during the
preformative molt, as juvenile coverts are much weaker and have paler whitish
or whitish-buff tips. The brighter yellow-green heads and rumps and broad
colorful tips to the replaced median coverts also indicate that all five birds were
males (Pyle 1997); formative median coverts are often tipped pale yellow in
hatching-year females and bright yellow in hatching-year males, as shown by
these birds, helping to clarify their sex. By contrast, the outer greater coverts,
where visible in images of these birds, appeared to be juvenile, as expected in
many migrating hatch-year Western Tanagers (Pyle 1997, Butler et al. 2002).

WESTERN TANAGER: MUSEUM SPECIMENS

To study erythrism in the Western Tanager further, we examined 475
specimens of this species held at the California Academy of Sciences (CAS;
330 specimens examined by Pyle) and the Royal Alberta Museum (PMA; 145
specimens examined by Hudon). We found at least six specimens (1.3% of
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all birds) showing anomalous, often scattered red feathers, birds that stood
out for their redness among the other Western Tanagers in the collections
(Figures 2 and 3). Since these specimens included older (>50 years old) ex-
amples, whose colors could have changed slightly with time (see Armenta et
al. 2008), we made sure to visually compare the erythristic birds to specimens
of comparable age. Color changes associated with specimens’ aging should
not lead to a variegated or speckled look as in most of these examples or lead
to an increase in the red of feathers colored by carotenoids (Armenta et al.
2008). All six of these birds, as well as an additional specimen from the Natural
History Museum of Los Angeles County (LACM 122206), were hatching-year
birds in formative plumage collected between 2 August and 8 September
(Table 1, Figure 2). The specimens at CAS and PMA represent 6.5% of the 93
specimens in formative plumage. Like those of the birds photographed in the
wild, the reddened feathers were often scattered throughout the body and in
most cases included the tips of formative median coverts. In addition, three
specimens (CAS 27550, 59902, and 53030) had replaced the inner one to three
greater coverts, and the tips to one or more of these formative coverts were
also tinged reddish. On the basis of the specimens’ labels, plumage bright-
ness, and color of the formative median coverts, four of the specimens were
male and three were female (see Table 1). The reddened feathers of the males
appeared overall to be brighter and redder than those of the females, which
were duller orange, tinged olive or brownish. None of the specimens at CAS
in juvenile (7), definitive basic (11), or alternate (226) plumage we examined
had anomalous red feathers other than perhaps some males in alternate plum-
age with red breast feathers, supporting our inference that erythristic feathers
appear primarily, if not solely, on birds in formative plumage.

The red/orange coloration in all 12 birds we report thus appears on indi-
viduals that had recently completed or largely completed their preformative
molt. So far as known, the preformative molt of body feathers occurs on or
near the breeding grounds, soon after the birds leave the nest, peaking in
late July and August, and then declining through the end of September. By
contrast, adults undergo the bulk of their body-feather molt in late August and
early September, usually at stopover locations in the Mexican monsoon region
of the southwestern United States and northwestern Mexico, away from the
breeding grounds (Butler et al. 2002, Pyle et al. 2009), although molting adults
have also been reported in southern California in mid-August (Unitt et al.
2020), and a small proportion of adults appear to molt on or near breeding
grounds (Pyle etal. 2018). Therefore, during fall migration through the west-
ern United States, first-year Western Tanagers are in fresh formative plumage,
except for retained juvenile flight feathers and some coverts, whereas most
adults are in worn alternate plumage. By early September, furthermore, nearly
all adult Western Tanagers have already passed through southern California
(Butler et al. 2002). The apparent lack of reddened feathers on second-year
specimens in alternate plumage indicates that reddened formative feathers are
typically lost during the first prealternate molt, which occurs on the winter
grounds (Pyle 1997; pers. obs.).

The timing and location of the preformative molt of juvenile Western
Tanagers largely coincides with the availability of berries containing rho-
doxanthin. In eastern North America, Morrow’s and Tatarian honeysuckles
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FIGURE 2. Specimens of Western Tanagers with reddened feathers. Left to right: CAS
27550, Trinity Co., California, 18 August 1925, formative-plumaged male; CAS 98635,
Marin Co., California, 3 September 2009, formative-plumaged male; CAS 59902,
Alameda Co., California, 8 September 1901, formative-plumaged male; CAS 53050,
El Dorado Co., California, 2 August 1918, female undergoing preformative molt with
about 20% of juvenile body feathers remaining; CAS 80074, Siskiyou Co., California,
1 September 1938, formative-plumaged female by plumage (sexed male on specimen
label). A, underparts; B, sides; C, upperparts.

Photos by Peter Pyle
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FIGURE 3. Specimens of Western Tanagers in first-year plumages, comparing females and males in
typical formative plumage with those showing reddened feathers. Left to right: CAS 53030, Placer
Co., California, 22 July 1918, juvenile, male according to specimen label; CAS 53017, Marin Co.,
California, 24 September 1897, typical formative-plumaged female; CAS 80074 (see Table 1 and
Figure 2 for details), formative-plumaged female with reddened feathers; CAS 53026, Mariposa Co.,
California, 7 September 1917, typical formative-plumaged male; CAS 27550, Trinity Co., California,
18 August 1925, formative-plumaged male with reddened feathers. A, underparts; B, sides; C,
upperparts. Note that the juvenile plumage is brown to olive and streaked (sexes are similar) and that
in formative plumage males’ body feathering and replaced median coverts average brighter yellow
than females, although the reddened male in this figure is somewhat intermediate in plumage.

Photos by Peter Pyle
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TABLE 1
Localization of Reddish Feathers

Specimens of Reddened Western Tanagers Held in Museum Collections and

Collection
locality

Catalog

number? Collection date

Sex

Plumage and localization of reddened feathers"

CAS 59902 8Sep 1901  Alameda Co.,

California

CAS 53050 2 Aug 1918  El Dorado Co.,

California

CAS 27550 18 Aug 1925  Trinity Co.,

California

CAS 80074 1 Sep 1938 Siskiyou Co.,

California

CAS 98635 3 Sep 2009 Marin Co.,

California

PMA
780.120.82

Salmon
Arm, British
Columbia

11 Aug 1975

LACM 122206 8 Oct2020  Los Angeles

Co., California

Male

Female

Male

Female?

Male

Male

Female

Formative plumage, Red feathers on crown (10),
malar region (2), chin (2), throat (3), breast (6),
mid-ventral region (8) and rump (6). Inner 3-4
greater coverts replaced, the innermost 2 slightly
tinged red. Red feathers throughout occur gener-
ally symmetrically.

Largely formative plumage.© Formative feathers
in center breast (25%), sides (80%), flanks (80%),
and rump (60%), tinged dull orange. Some juve-
nile rump feathers tinged orange. Median coverts
dropped, the innermost 2 on each wing with
erupted tips tinged orange. 1-2 juvenile greater
coverts on both wings slightly tinged orange.
Formative plumage. Reddish formative feathers
in malar region (2), on chin (2), mid-ventral
region (13), undertail coverts (5), rump (6) and
lesser coverts (3). Tips to two outermost median
coverts (formative) and two innermost greater
coverts (formative) tinged red on both wings;
remainder of median coverts (formative) and
greater coverts (juvenile) not tipped red.
Formative plumage. Dull orange-tinged feathers
on crown (most of forehead back to mid crown),
malar region (half), throat (40%), breast (70%),
ventral region (60%), rump (75%). Some tips to
lower lesser coverts and all median coverts tinged
pinkish. Orange coloration duller and browner
than reddish tinged feathers of males.

Formative plumage. Red-tinged formative feath-
ers on crown (postocular ~3 feathers on each
side), throat (4), breast (4), sides of lower ventral
region (8), undertail coverts (3), and rump

(5). No red tips to wing coverts. Red feathers
throughout occur generally symmetrically except
in ventral region where they are concentrated on
the bird’s right side.

Formative plumage. Dull orange-tinged feathers
on crown (40%, particularly forehead), malar
region (60%), throat (55%), breast (75%), ventral
region (20% mainly along midline), and rump
(60%). Most formative median coverts orange-
tipped; juvenal coverts yellow-tipped.

Formative plumage. Dull orange-tinged feath-
ers on crown, malar region, throat, breast, and
ventral region.

“CAS, California Academy of Sciences; PMA, Royal Alberta Museum (formerly the Provincial Museum of
Alberta); LACM, Natural History Museum of Los Angeles County.

*Numbers in parentheses are approximate feather counts, except where percentages are given.

‘Undergoing preformative molt with about 20% of juvenile body feathers remaining.

Sexed as male on specimen label but female by plumage and size.
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typically bear fruit from late June to mid-August, so that in many states by
mid-August the berries have largely withered or been stripped from the bush
(Mulvihill et al. 1992, Witmer 1996; J. A. Craves pers. obs.), although berries
may persist into late August to mid-September in Alberta (Hudon etal. 2013;
Hudon pers. obs.). The Pacific Yew typically bears fruits slightly later in the
year (late July-October; DiFazio et al. 1998, Vance and Rudolf 2008) than the
honeysuckles, but still within the interval in which they could affecta Western
Tanager’s plumage coloration. The Pacific Yew produces arils asynchronously
over a 12- to 15-week period starting in late July with no obvious peak of seed
availability (DiFazio 1996). Taken together, this evidence implies that these
reddened fall Western Tanagers are further examples of diet-related plumage
erythrism, with the two Asiatic bush honeysuckles likely accounting for the
majority of the recent examples, the native Pacific Yew accounting for older
examples collected when the bush honeysuckles weren’t yet widely available.

OTHER SPECIES

During our research we also became aware of other western species with
abnormal reddened feathers. Prompted by a recent sighting of a Red-breasted
Sapsucker with unusual redness to many of the yellowish spots the species
normally displays on its back in fresh plumage (a vagrant photographed at
Pincher Creek, Alberta, on 11 November 2020), we looked for examples of
reddened Red-breasted Sapsuckers among the 207 specimens of this species
at CAS. We found 12 such examples (Figures 4 and 5), including three of 32
specimens identified as subspecies Sphyrapicus ruber ruber or as intermedi-
ates (9%) and nine of 175 specimens identified as S. . daggetti (5%). Of these
12, 2 were in formative, 3 were in second basic, and 7 were in definitive basic
plumage. By contrast none of 60 specimens of the Red-naped Sapsucker (S.
nuchalis) or 87 specimens of the Yellow-bellied Sapsuckers (S. varius) at
CAS showed abnormally reddened back feathers. Surprisingly, the red on
the back of many of the reddened sapsuckers was nearly as intense as that
on their heads (Figure 4), unlike the orange coloration often associated with
diet-related reddening. The lack of yellow pigments we speculate may be due
to their quick loss to fading in the wild, as often happens with pale yellow
colors, leaving the more stable rhodoxanthin. Also, because many of these
specimens date from the late 1800s to early 1900s, as do those of some of the
Western Tanagers, it is probable that these birds acquired their rhodoxanthin
from the arils of the Pacific Yew, whose distribution in moist habitats largely
overlaps that of the Red-breasted Sapsucker (but not the Red-naped or Yellow-
bellied sapsuckers), rather than from the berries of bush honeysuckles whose
distributions would have been more limited then. Woodpeckers are known
to occasionally consume the arils of yew trees (Hudon et al. 2020), and sap-
suckers have been observed foraging on yew trees in Oregon (DiFazio 1996).

Finally, we also found examples of Cedar Waxwings with orange tail tips
from Idaho and Texas (Hudon and Mulvihill 2017), Alberta (PMA specimens
706.1.11 and Z06.1.12), New Mexico (Tim Reeves pers. comm.), and a num-
ber of other western states (several eBird posts). These include juvenile birds
with completely orange tail bands (Macaulay Library images ML113338651,
ML177234211, ML267074161) and older birds in which only some of the
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FIGURE 4. Examples of specimens of Red-breasted Sapsuckers with reddened feathers
on their backs. Left to right: CAS 58110, daggetti, E1 Dorado Co., California, 3
July 1934, second basic plumage; CAS 45394, daggetti, Amador Co., California, 17
November 1895, definitive basic; CAS 45388, daggetti, Alameda Co., California, 31
October 1898, definitive basic; CAS 76033, intermediate daggetti/ ruber, San Mateo Co.,
California, 12 December 1895, definitive basic; CAS 60488, ruber, Wrangell, Alaska,
27 June 1946, definitive basic.

Photo by Peter Pyle

tail feathers have orange tail tips (Macaulay Library images ML253034611,
ML235968641), as described previously in the East (Mulvihill et al. 1992,
Witmer 1996). In light of these observations, and a greater awareness of the
phenomenon of diet-related plumage erythrism in the West, we expect more
examples of it to come to light in western bird species in the future.
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ABSTRACT: Brood parasitism can have major detrimental effects on the fitness
of reproducing songbirds and often contributes to nest failure. As the Gray Vireo
(Vireo vicinior) suffers high rates of brood parasitism by the Brown-headed Cowbird
(Molothrus ater), we hypothesized that vireos might choose nest sites selectively to
thwart cowbird parasitism. To investigate this question, we measured and compared
vegetative and spatial attributes of nest sites in a known breeding population of the
Gray Vireo on the Sevilleta National Wildlife Refuge, New Mexico, in 2017 and
2018. Specifically, we compared parasitized and unparasitized nests with respect
to the nest’s height and the average height, diameter, and foliage density of the nest
tree. We also compared the spatial attributes of the nearest neighboring nest, nearest
parasitized nest, and the density of surrounding juniper trees within 50 m of a nest.
Interestingly, among none of the variables measured did we find an association with
the incidence of brood parasitism, suggesting that nest parasitism might be more
strongly linked to other larger-scale ecological or behavioral variables.

The Gray Vireo (Vireo vicinior) breeds in the southwestern United States
and northwestern Mexico and winters primarily in parts of northern Mexico,
southern Arizona, and western Texas (Barlow et al. 1999). It has been catego-
rized as “threatened” in New Mexico (NMDGF 2018) and is of conservation
concern throughout its range (USFWS 2008, Rosenberg et al. 2016, Hargrove
and Unitt 2017). During the breeding season, vireo pairs build nests in trees
or shrubs, in New Mexico usually in One-seed Juniper (Juniperus mono-
sperma) trees, and defend their breeding territory (Fischer 2020, Harris et
al. 2020). After a 12- to 17-day incubation period and another 12- to 16-day
nestling period, fledglings depart the nest (Barlow et al. 1999, Corman and
Wise-Gervais 2005, Hargrove and Unitt 2017). DeLong and Williams (2006)
reported an overall nest-success rate in New Mexico of ~33%, and Fischer
(2020) reported a nest-success rate of ~25% in the Sevilleta National Wildlife
Refuge (in the same population we studied). Factors depressing this rate are
nest predation and brood parasitism by the Brown-headed Cowbird (Molo-
thrus ater). Cowbird parasitism is a persistent problem the Gray Vireo faces
throughout its breeding range. Parasitism by the cowbird reduces the host’s
fitness; for small birds rejecting the cowbird egg entails deserting the nest,
and accepting the egg usually entails death of all the host’s nestlings (Payne
1977). In some cases more than 50% of the failures of Gray Vireo nests have
been attributed to a very high rate of nest abandonment following parasitism
(DeLong and Williams 2006, Fischer 2020). Although the Gray Vireo prefers
certain attributes when selecting nest sites in New Mexico (Harris et al. 2020),
it is not known if these preferences, among others, impart defenses against
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known reproductive stressors such as nest predation or parasitism (Payne
1977, Kus et al. 2008). Further information on the interaction between the
vireos nesting habitat and reproductive stressors such as brood parasitism is
critical to a better understanding of the conservation needs of this species.
A number of factors may influence the cowbird’s selection of breeding
habitat, such as landscape features (Brittingham and Temple 1996, Tewks-
bury et al. 1997, Chace 2004), vegetation type (Tewksbury et al. 1997, Chace
2004), females’ movement patterns (Rothstein et al. 1984), and the cowbird’s
population density in preferred edge habitats (Jensen and Cully 2005). While
the cowbird’s selection of breeding habitat has been well studied, the specifics
of hosts’ susceptibility and defense against parasitism, especially in regards
to nest-site attributes and proximity of conspecific hosts, have received less
attention. As a defense against parasitism, some avian hosts might select nest
sites that are less vulnerable both in terms of the site’s attributes that may aid
in nest concealment, such as nest height (Brodhead et al. 2007), as well as
spatial characteristics, such as distance to the next nearest nest (Clark and
Robertson 1979, Burhans 1997). Since attributes of a bird’s nest location and
placement can be important defenses against parasitism (Rothstein 1975,
Feeney et al. 2012), further study of whether vireos use this kind of defense
was warranted. Although the importance of a host’s nest-site defenses has
been studied in some other commonly parasitized host species (Clotfelter
1998, Brodhead et al. 2007), it had not been investigated in the Gray Vireo.
In this study, we examined whether attributes of a Gray Vireo's nest site in-
fluence the probability of brood parasitism. Specifically, we compared brood
parasitism in vireo nests with respect to nest height and the height, diameter,
and density of nest trees—all attributes that have been shown to be influential
to various degrees in songbirds’ nest-site preference (Bailey and Thompson
2007, Purcell 2007, Krause and Schrader 2016, Harris et al. 2020). On the
basis of past findings (Larison et al. 1998, Brodhead et al. 2007, Fiorini et al.
2009), we predicted that vireo nests located higher, in taller, wider, and more
densely foliaged trees should beless likely to be parasitized, as these attributes
should improve nest concealment (Caccamise 1977, Holway 1991, Burhans
1997, Powell and Steidl 2000). We also used GIS data to investigate whether
or not a vireo nest’s placement affects its probability of being parasitized,
comparing this probability with respect to distance to nearest neighboring
nest, distance to nearest parasitized nest, and number of juniper trees within
50 m of the nest. On the basis of previous studies, we hypothesized that nests
whose closest neighbors were parasitized should have a higher probability of
being parasitized themselves than those nests whose closest neighbors were
not parasitized (Clotfelter 1998, Saunders et al. 2003). Additionally, follow-
ing these same studies, we hypothesized that nests more distant from their
neighbors should be less likely to be parasitized than those closer together.
Finally, we hypothesized that the prevalence of brood parasitism of vireo
nests should be inversely related to juniper density—or the number of trees
around the nest tree itself—because of the cowbird’s preference for more
open, edge habitats (Brittingham and Temple 1983). Brood parasitism creates
a significant strain on the Gray Vireo’s reproduction (DeLong and Williams
2006), and better understanding of the factors contributing to it will broaden
current knowledge of the vireo’s natural history, ecology, and conservation.

44



GRAY VIREO NEST SITES AND BROWN-HEADED COWBIRD PARASITISM

METHODS
Study Site

Our study took place from May to August in 2017 and 2018 at the Sevi-
lleta National Wildlife Refuge (NWR), in central New Mexico (Figure 1).
Specifically, we focused on the juniper savannas and pifion-juniper forests
of Los Pinos Mountains, on the eastern side of the refuge (see Stevens and
Fischer 2018, Fischer 2020).

Attributes of Nest Locations and Nest Trees

We monitored 84 vireo nests on the refuge as part of a larger study of the
vireo's demography and migration (n = 33 from 2018, n = 51 from 2017).
Across both years, four of these nests had to be excluded from our analysis
because of uncertainty whether they were parasitized or observations con-
flicted, leading to a total of 80 usable nests (n = 30 from 2018, n = 50 from
2017). We also included parasitism data from 36 similarly monitored nests
found in 2016, using them only in generating an average rate of brood para-
sitism on the refuge, for comparison and reference. Additionally, in 2017
and 2018, we calculated the rate at which nests were depredated. We found
nests by standard search methods (Martin and Geupel 1993) and by tracking
adult female vireos equipped for radio telemetry. Once we located a nest, we
recorded its GPS coordinates and elevation and, using a mirror pole, moni-
tored it for parasitism every two to four days.
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FIGURE 1. Sevilleta National Wildlife Refuge, New Mexico. The black dots represent
the nest sites we studied within the refuge’s part of Los Pinos Mountains.
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To measure the average vegetative density of the nest tree, we used a 1-m
x 1-m square board of 10-cm checkerboard tiles, held vertically at a fixed
height on one side of the tree, while an observer stood on the opposite side
of the tree and estimated the percent of the board covered by the tree’s foli-
age. We then repeated the procedure on the opposite side of the tree and
averaged the results to obtain one value for the nest tree’s density. We used a
marked PVC pole to measure the height of each nest from the ground and
the nest tree’s height and average diameter. Last, we took a compass bearing
directly from the nest.

As a basis for comparing the spatial characteristics of nests, we quantified
the distances among nest trees in the study area with ArcGIS software (ver-
sion 3.2.0). To calculate the density of junipers, we defined a circle of radius
50 m around each nest tree and counted the number of junipers within that
radius in ArcGIS. To account for observer error, two observers counted in-
dependently and averaged their counts. We used the standard distance tools
in the software to measure the distance from each vireo nest to the nearest
neighboring nest and nearest parasitized nest.

Statistical Analyses

We used program R (version 3.5.0) for our statistical analyses of the 80
nests for which we had adequate data in 2017 and 2018. We used two-sample,
two-tailed Welch’s ¢-tests to test whether or not a nest was parasitized against
the measured variables, including nest height from ground and the nest tree’s
height, average vegetative density, and average diameter. We used the same
methods to test whether or not the distance variables, distance to nearest
neighboring nest, distance to nearest parasitized nest, and juniper density
within a 50-m radius could explain the incidence of brood parasitism. We
set a = 0.05 for all comparisons.

RESULTS

The incidence of parasitism of vireo nests on the Sevilleta NWR was 28%
in 2016, 50% in 2017, and 50% in 2018 (n = 116), for an average rate across
all years of 43%. Rates of depredation of vireo nests were 50% in 2017 and
20% in 2018 (n = 80), for an average rate of 39% across both years. Among
the nests monitored across all three years, only one fledged a single juvenile
cowbird, entailing death of the vireo nestlings. As was expected in the Gray
Vireo, all other incidences of parasitism resulted in complete nest abandon-
ment, regardless of stage. While parasitism almost always resulted in aban-
donment, some instances of predation did not, leading to some nests being
both parasitized and depredated. All 116 nests found from 2016 to 2018 were
in One-seed Juniper trees.

The unparasitized and parasitized vireo nests did not appear to differ in
any of the vegetative and spatial characteristics we measured. The differences
were not statistically significant in the comparisons of the nest’s height (p =
0.818, t = -0.231, df = 64.11), the nest tree’s height (p = 0.730, t = 0.347, df =
54.76), the nest tree’s diameter (p = 0.665, t = 0.4355, df = 57.92), or the nest
tree’s vegetative density (p = 0.243, t = -1.180, df = 55.17; Figure 2). Neither
did the mean distance to the nearest neighboring nest (p = 0.579, t = 0.557,
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FIGURE 2. Box plots comparing four attributes of Gray Vireo nest sites (nest height
and the nest tree’s height, average diameter, and average density) by incidence of
Brown-headed Cowbird brood parasitism. In the boxplots, black circles within boxes
represent means, heavy central lines represent medians, darker gray boxes represent
the interquartile range, whiskers represent the extremities of the data, and dots beyond
whiskers represent any outliers for each category. Data are from 2017 and 2018 with
a sample size of n = 80.

df = 59.51) or the nearest parasitized nest (p = 0.171, t = 1.385, df = 64.82)
differ significantly. Finally, the density of the stands of junipers within 50 m
surrounding the nest had no association with the rate of cowbird parasitism
on vireo nests (p = 0.557, t = -0.591, df = 60.43).

DISCUSSION

Multiple studies have confirmed that brood parasitism is a persistent
reproductive challenge for the Gray Vireo in New Mexico (DeLong and
Williams 2006, Pierce 2007, Harris et al. 2020), and this is true on the Sevi-
lleta NWR as well. The average parasitism rate of 43% we found over three
years among 116 nests, while slightly lower than the 50% average previously
reported for New Mexico vireos, is still well within the 24-71% others have
found for the region (Delong and Williams 2006, Pierce 2007).

Our finding no association of the incidence of cowbird parasitism with
the attributes we evaluated, either vegetative and spatial, suggests that other,
larger-scale environmental or behavioral variables beyond the nest site might
better explain susceptibility to parasitism. These could include the density of
cowbirds, distance to cattle or other livestock, and aspects of the vireo’s nest-
ing behavior such as males singing conspicuously while incubating. Goguen
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and Matthews (2000) reported that differences in rates of cowbird parasit-
ism of nests of the Plumbeous Vireo (Vireo plumbeus) could be attributed
to changes in patterns of nearby livestock grazing. Goguen and Matthews
(2001) found proximity to livestock to be the main factor affecting cowbird
densities and the probability of a nest’s being parasitized. With respect to the
cowbird’s density-dependence, Brittingham and Temple (1983) showed that
in areas with more cowbirds, songbirds simply tend to have higher rates of
brood parasitism. In our study, we did not record specific data on cowbird
abundance or larger landscape-scale variables such as the distance to livestock
herds, but we suspect that these studies’ results could apply to the Gray Vireo
at the Sevilleta NWR as well.

Our results imply that the variables we studied may not be as vital for
the Gray Vireo in selecting a nest site to defend against cowbird parasitism.
Although variables such as a nest’s exposure and proximity of perches have
been suggested as factors contributing brood parasitism (Fiorini et al. 2009,
Feeney et al. 2012), our results suggest that other, unstudied attributes are
more important. Future studies of cowbird parasitism of the Gray Vireo
might examine average temperature of the nest site, geographic aspect, ter-
ritory size, distance to water, and additional vegetation variables, as well as
the aforementioned distance to cattle herds or edge habitats.

CONCLUSION

Cowbird parasitism is a threat to the fitness and population demograph-
ics of songbirds like the Gray Vireo. With the vireo classified as “threatened”
in New Mexico, and meriting such designation in other parts of its range,
understanding this parasitic relationship and the environmental variables
affecting its incidence is vital for conserving this species. Our results suggest
that the vireo might not in fact be engaging in certain nest-defense strategies,
potentially increasing its vulnerability to parasitism. We hope our results will
aid future studies that focus on the factors most critical to conservation of
the Gray Vireo.
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Gray Vireo (Vireo vicinior) on nest, Sevilleta National Wildlife Refuge, New Mexico,
9 June 2020.

Photo by Silas E. Fischer
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RESTORED MEADOWS

HELEN L. LOFFLAND, LYNN N. SCHOFIELD, and RODNEY B. SIEGEL,
The Institute for Bird Populations, P.O. Box 518, Petaluma, California 94953;
hloffland@birdpop.org, Ischofield@birdpop.org, rsiegel@birdpop.org

BETH CHRISTMAN, Truckee River Watershed Council, P.O. Box 8568, Truckee,
California 96162; bchristman@truckeeriverwc.org

ABSTRACT: Willow Flycatcher (Empidonax traillii) populations have been de-
clining across the western United States for decades. The Sierra Nevada-southern
Cascades population in California is especially vulnerable, with fewer than 200 pairs
remaining. Hydrologic restoration has been recommended for conserving this popu-
lation. Other riparian songbirds have increased in response to restoration, but little is
known about how restoration has affected the Willow Flycatcher. The Little Truckee
River has long been a stronghold for the Willow Flycatcher, and the demography
of the population there was studied intensively from the late 1990s through 2010.
Baseline data from that study provided an opportunity to gauge the species’ response
to pond-and-plug restoration projects completed at two meadows within the study
area in 2009 and 2010. We aggregated and analyzed data from Willow Flycatcher
surveys from 1997 through 2019 at the two restored meadows as well as nine nearby
unrestored meadows with at least two Willow Flycatcher territories at some time
during the demographic study. At most meadows, the number and density of Willow
Flycatcher territories declined over the two-decade study period. However, losses at
the unrestored meadows were significantly greater than at the restored meadows,
where territory density clearly did not collapse following the disturbance caused
by restoration and then remained largely stable thereafter. Within large meadows
already occupied by Willow Flycatchers, meadow restoration that restores hydrologic
function and increases flooding over creekbanks may be an effective strategy for
stabilizing declining Willow Flycatcher populations in the Sierra Nevada.

Once abundant in nearly all shrubby riparian areas across the entire length
and breadth of California below an elevation of 2500 m (Willett 1912, 1933,
Grinnell and Miller 1944), the Willow Flycatcher (Empidonax traillii) now
occurs only in small numbers, primarily at scattered meadows above 1200 m
in the Sierra Nevada and southern Cascades and along a few waterways in the
arid southwestern portion of the state. The species, including all subspecies,
was designated as endangered in California in 1991 (CDFW 2021). In the
Sierra Nevada and nearby southern Cascades in northern California, Willow
Flycatcher populations include representatives of both subspecies adastus and
brewsteri and potential hybrids (Paxton 2000) and are almost completely reli-
ant for breeding habitat on mid-elevation wet meadows (Serena 1982, Harris
et al. 1987, Sanders and Flett 1989, Bombay et al. 2003a, b, Mathewson et al.
2013, Schofield et al. 2018). Declines and local extirpations have continued
for many decades throughout the region (Siegel et al. 2008, Mathewson et al.
2011, Loffland et al. 2014), where the species now persists at fewer than 100
meadows (Loffland et al. 2014; H. Loffland unpubl. data).

The Little Truckee River watershed and nearby locations in Sierra and
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Nevada counties represent one of only a few remaining strongholds for the
species in California, with a cluster of meadows that collectively retained ap-
proximately 30 territories at least until 2000 (Mathewson et al. 2013). Within
this cluster, along the Little Truckee River, Willow Flycatcher conservation has
been a priority at the Perazzo Meadows complex (which comprises three large
meadows, Upper Perazzo, Middle Perazzo, and Lower Perazzo) for nearly 40
years. The California Department of Fish and Wildlife and others surveyed
these meadows for the Willow Flycatcher regularly through the 1980s and
early 1990s (Serena 1982, Sanders and Flett 1989). Between 1997 and 2010 the
meadow complex was the site of a long-term demography study supported
by the U.S. Forest Service (Mathewson et al. 2011, 2013). Since 2011, The
Institute for Bird Populations and its partners have continued to survey in
most years, though effort has been reduced and less consistent than during
the years the demography study was underway.

Upper Perazzo and Middle Perazzo were treated in the fall of 2009 and
2010, respectively, with the “pond-and-plug” technique (Wilcox et al. 2001,
Hammersmark et al. 2008), a form of partial channel fill that can restore hy-
drologic functioning to meadows where channels are deeply incised, lowering
the water table and desiccating the meadow. In pond-and-plug restoration the
channel is partially filled by means of heavy equipment excavating portions of
ameadow’s existing stream channel and using the excavated material to build
one or more semi-permeable “plugs” in the channel downstream from the
excavation site(s). The plugs force flow into the historic channel or a newly
engineered channel, capture sediment, and facilitate inundation of the exca-
vated portions of the channel, which become “ponds” (Lindquist and Wilcox
2000, Pope et al. 2015). Pond-and-plug restoration is intended to enhance
ecosystem services including flood attenuation, water storage, water quality,
and carbon sequestration, as well as to foster biodiversity through habitat
improvement (Hammersmark etal. 2008, Norton et al. 2011, Viers etal. 2013,
Campos et al. 2020). At the same time the Forest Service also instituted a new
rest-rotation plan to manage grazing (alternating years of grazing and rest)
at the restored meadows. The plan’s goals were to improve and protect vital
wildlife habitat, with an emphasis on the Willow Flycatcher, Yellow-legged
Frog (Rana muscosa), and Lahontan Cutthroat Trout (Oncorhynchus clarkii
henshawi), and restore hydrologic function, improve water quality, and im-
prove forage condition for livestock and wild ungulates.

At Upper and Middle Perazzo, pond-and-plug was implemented specifi-
cally to reconnect the water table within the meadow system to the meadow’s
floodplain, and to reverse the desiccation and loss of aquatic habitat that
resulted from human-caused alterations of the natural stream channel.
Anthropogenic degradation of the site traces back to the late 1800s when
the Henness Pass road that parallels the meadow system, and crosses it in
multiple locations, became a major route across the Sierra Nevada. At that
time sheep and cattle grazed throughout the area, and early allotment docu-
ments reported that in 1907 the number of grazing animals was 5 times that
using the allotment in the recent decades (Byrd 1992, Swanson Hydrology
and Geomorphology 2008, USDA 2008). At the same time, Upper Perazzo
was home to a dairy, and efforts to drain the meadow for better accessibility
led to the primary channel of Perazzo Canyon Creek being actively re-routed.
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The combination of stream re-routing, road construction, logging, mining,
dairying, and livestock grazing curtailed the capacity of the stream system
to water the meadow adequately.

Pond-and-plug or other partial channel-fill measures have been imple-
mented at dozens of meadows across California’s Sierra Nevada and southern
Cascades in recent decades and have been shown to increase the species rich-
ness of meadow birds, especially when riparian shrubs were already extensive
prior to restoration (Campos et al. 2020). However, the approach remains
controversial because of its high cost, use of heavy equipment and major
excavation, and creation of ponds that may spur other ecological changes or
consequences, particularly at lower elevations where it may create habitat for
the non-native bullfrog (Lithobates catesbianus; Pope et al. 2015). Moreover,
although improvement or creation of habitat for the Willow Flycatcher is
often explicitly invoked as a justification for ambitious meadow-restoration
projects in the region, the flycatcher’s response to pond-and-plug restoration
has never been evaluated. We sought to assess the effects of pond-and-plug
restoration at Upper and Middle Perazzo meadows on persistence of Willow
Flycatcher territories at the restored meadows, using as reference sites nearby
untreated meadows that Willow Flycatchers had also occupied. We consid-
ered the updated grazing plan at the treated meadows to be part of the overall
restoration effort and did not attempt to tease apart effects of pond-and-plug
restoration from changes in grazing management.

METHODS
Study Area

We included in our study area 11 meadows in and around the Little
Truckee River watershed within the historic primary subsistence and settle-
ment lands of the Washoe people, and currently in California’s Sierra, Nevada,
and Placer counties (Figure 1). These 11 meadows constitute all the sites in
the local area known to have been occupied by at least two Willow Flycatcher
territories during any breeding season since 1997. The meadows range in
size from 15 to 161 ha and in elevation from 1736 to 2077 m above sea level
(Table 1). Their grazing regimes have varied from meadow to meadow. They
span four distinct grazing allotments (three for cattle, one for sheep), as well
as ungrazed areas outside of the allotments. At the time the demographic
studies began in 1997, five of the meadows were under private ownership and
management, but all have since been acquired by local or federal agencies or
are under conservation easements managed by nonprofit entities. Two of the
meadows, Upper Perazzo and Middle Perazzo, underwent pond-and-plug
restoration during the fall of 2009 and 2010, respectively (Figure 2).

We treated the numbers of territories at the 11 meadows as statistically
independent because during the demographic study we observed a high rate
of site fidelity of individual Willow Flycatchers in successive years, and only
rarely observed movement of birds between meadows within a year. Between
1997 and 2010, 89% of 70 individually color-marked adults (but only 34% of
46 one-year-old adults) returned to the previous year’s meadow (Mathew-
son et al. 2013). The mean distance of natal dispersal of one-year-olds that
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FIGURE 1. Meadows in the northern Sierra Nevada, California (inset), where surveyors
used broadcast surveys and territory monitoring to assess the number of Willow
Flycatcher territories annually from 1997 to 2019 (not all sites were surveyed during
every year of the study). Upper and Middle Perazzo meadows underwent pond-
and-plug hydrologic restoration during fall 2009 and 2010, respectively. Darker gray
shading indicates water bodies.

dispersed away from their natal meadows was 8.36 + 7.36 km (Mathewson
et al. 2013). None of the 11 meadows was farther than 15 km from its near-
est neighbor—a distance within the observed mean dispersal distance + 1
standard deviation, suggesting that all sites were equally available to the birds
of this population.

The two restored meadows (Upper and Middle Perazzo) were not selected
randomly from the 11 meadows in our study. The Tahoe National Forest
chose them for restoration on the basis of important ecological benefits for
a wide variety of aquatic and terrestrial plant and animal species as well as
to benefit downstream water users by decreasing peak flows and extending
the period over which water drains from the meadow. We had no control of
which sites were restored, or when, and undertook our study because we had
access to unprecedented baseline Willow Flycatcher data and saw the need
for the restoration’s effects to be assessed. Despite the lack of randomness in
selection of restoration sites, we account for potential bias by including many
times more reference sites than treatment sites and by ensuring that at the
beginning of the study many of the reference sites had habitat and Willow
Flycatcher densities similar to those of the restoration sites.
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TABLE 1 Characteristics of Restored and Unrestored Meadows Assessed for
Use by the Willow Flycatcher

Extent of
Willow
Total Flycatcher  Elevation
Meadow area (ha) habitat (ha) (m) Land manager”

Reference

Carpenter Valley 86 69 1904 TNC?

Cottonwood Creek 17 17 1877 USES

Independence Lake 20 20 2137 TNC?

Lacey Valley 161 101 2077 TDLT?

Little Perazzo 25 25 2015 USES

Lower Perazzo 23 23 1987 TDLT

Martis 80 59 1772 USACOE

Milton 15 15 1736 USEFS & private

Stampede 32 32 1814 USFES
Restoration

Middle Perazzo 98 82 1978 USES?

Upper Perazzo 105 85 1999 USES

9TNC, The Nature Conservancy; USFS, U.S. Forest Service; TDLT, Tahoe Donner Land Trust;
USACOE, United States Army Corps of Engineers.

bPrivately owned at the start of the study in 1997, but subsequently acquired by a local agency
or nonprofit organization.

Data Collection

We aggregated all Willow Flycatcher survey data from the 11 meadows that
constitute our study area from 1997 through 2019. Over this 23-year period,
the subset of meadows that was monitored varied from year to year with fund-
ing, changes in site ownership and access, and the project’s annual objectives.
Effort varied from surveying for Willow Flycatcher presence and monitoring
territories throughout the breeding season at all meadows annually from 2003
to 2006 to no surveys in 2013 (Table 2). Although data-collection procedures
varied through the study, we included only data collected through standard-
ized broadcast surveys and territory monitoring.

Broadcast surveys. At most meadows each year’s surveys began with two
rounds of broadcast surveys that followed the standardized Willow Flycatcher
survey protocol for the Sierra Nevada developed by Bombay et al. (2003a).
In a few instances, a meadow received only one broadcast survey followed
by repeated visits for territory monitoring (described below). More typically
meadows were surveyed twice between 31 May and 25 July. The survey sea-
son was divided into three distinct periods that roughly coincide with the
initiation of distinct phases of breeding: arrival and nest building (31 May-14
June), egg laying and incubation (i.e., peak breeding season; June 15-June
25), and chick hatching and fledging (26 June-25 July). One of the two sur-
veys took place between 15 June and 25 June because this is when Willow
Flycatchers are most likely to be actively singing and defending territories
and are therefore most detectable and least likely to be passage migrants. The
other survey took place either before or after the peak season, depending on
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FIGURE. 2. Middle Perazzo Meadow in 2009 (A, one year prior to restoration and
following a winter with 67% of the 50-year average annual snowpack; DWR 2021)
and 2018 (B, 8 years after restoration and following a winter with 69% of the 50-year
average annual snowpack; DWR 2021). White lines indicate reference trees visible in
both photos. After restoration, note the more extensive flows over the streambanks
during peak runoff.
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TABLE2 Number of Willow Flycatcher Territories Confirmed at Meadows Sur-
veyed in the Sierra Nevada, 1997-2019°

Meadow
i~ 1
> 8 5 .
= o 8 o g N g
g £ B =2 5 & £ 4 T 2
g 5 & T 5 5 g =2 §E = 3
£ £ & § £ & 3 3z 2 §E &
Year S &6 & £ 3 8§ = 5 = & 5
Territories monitored throughout season
1997 * * * * 1 4 * 11 * * 12
1998 7 * 3 12 1 4 * 13 * * 9
1999 5 * 2 14 1 6 * 12 * * 7
2000 4 * 3 12 0 4 * 9 * 0 5
2001 6 * 1 12 1 5 * 8 4 1 3
2002 6 * 3 7 1 4 * 10 3 1 2
2003 5 2 2 8 2 3 2 10 5 2 5
2004 6 2 2 9 2 3 3 8 5 1 4
2005 8 2 2 5 2 3 3 11 6 0 4
2006 5 5 3 5 1 4 1 9 6 1 11
2007 * 3 2 6 1 3 3 8 4 0 8
2008 * 2 2 3 1 1 3 6 4 1 8
2009 * 2 * 4 1 2 3 8 4 1 8
2010 * 1 * * 1 2 2 6 2 1 8
Territory monitoring limited
20 1 1 * * * * * 1 * * * 4
2012 1 * * 3 0 0 * 4 1 6
No surveys
20 1 3 * * * * * * * * * * *
Surveys only; no territory monitoring
2014 * 1 * 1 0 0 0 7 2 3 7
20 1 5 * * * * 0 1 * * * * *
Territories monitored throughout season
2016 0 1 3 1 * 0 0 8 * * 6
2017 0 0 3 1 * 0 0 10 * * 6
Territory monitoring limited
2018 1 1 2 0 0 0 * 4 2 4 6
2019 0 0 * 0 0 0 * 7 * 1 4

%On basis of broadcast surveys and territory monitoring. Asterisks indicate years when a meadow was
not surveyed or survey effort was insufficient to determine territory numbers.

conditions at the site. Surveys at any one meadow were always separated by
at least 10 days.

Broadcast-survey stations were distributed across the full extent of avail-
able habitat (areas with willow or other deciduous riparian shrubs) within
a meadow, spaced approximately 50 m apart. Survey stations were selected
prior to surveys by GIS, but locations were sometimes adjusted in the field to
cope with obstacles such as impenetrable vegetation or uncrossable streams.
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Once stations were established during the first visit to a meadow, subsequent
surveys in the same and following years were made the same locations if still
accessible. Broadcast surveys generally began within 10 minutes of civil sun-
rise and concluded by 10:00. Upon arriving at a meadow, surveyors spent 10
minutes passively listening prior to beginning broadcast of Willow Flycatcher
songs. At each survey station, surveyors spent a total of 6 minutes alter-
nately playing Willow Flycatchers vocalizations and listening for responses.
Although contact calls other than the diagnostic vocalizations or and visual
observations and photographa were noted, we considered only characteristic
“fitz-bew” or “zwee-00” vocalizations sufficient for a positive identification,
even by expert observers.

All the stations at smaller meadows were typically surveyed within a
single morning, but larger meadows required multiple consecutive days for
completion of a survey.

Territory monitoring. In some instances, surveyors monitored a territory
by a moditied version of the protocols described by Bombay et al. (2003a).
If at least one Willow Flycatcher (or a suspected but unconfirmed Willow
Flycatcher) was detected during a broadcast survey, territory mapping origi-
nating at the location of the initial detection followed either immediately after
the completion of broadcast surveys that day or within the next few days.
Surveyors used a hand-held GPS to record coordinates of singing perches
and foraging locations for the male (and female, if detected) while quietly
observing behavior for approximately 30-90 minutes. Using GIS, we then
mapped the polygons defined by these coordinates to help determine the
number and position of territories. The initial territory-mapping visit and
all subsequent territory-monitoring visits were intended to (a) relocate the
bird(s), (b) confirm identification by listening for a “fitz-bew” or “zwee-00"
vocalization (if one was not heard during the original broadcast survey),
(c) identify areas of use such as foraging and singing perches, (d) observe
behavior to infer breeding status (e.g., carrying nesting material, carrying
food or fecal sac, or interacting with mates), and (e) attempt to locate nests or
fledglings. Each territory received multiple visits per season, usually at least
once every 7 days (or more often if nests were being monitored). Territories
were visited typically between 05:30 and 10:00 but were also surveyed op-
portunistically during other times of the day.

Data Analysis

We used the results from broadcast surveys and territory monitoring to
determine the number of territories present at each meadow annually. Ob-
servations were considered to signify an occupied territory in a given year
if a Willow Flycatcher was observed on at least two dates between June 15
and July 25, or if observed behavior confirmed attempted nesting (e.g., car-
rying nesting material or carrying food). When multiple Willow Flycatchers
were singing in close proximity to one another, we determined the number
of territories on the basis of observations of counter-singing between males
and other territorial defense. We considered a singing male to indicate an
occupied territory irrespective of whether it was paired. Although females
are known to sing the diagnostic “fitz-bew” song occasionally, we considered
singing birds to be male unless we had data or observations to suggest oth-
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erwise. From 1997 to 2010, many of the territorial birds were marked with
color bands, which helped in this assessment, but by 2014 very few banded
individuals remained, so after that sex determination had to be based on
behavioral observations only.

We used linear regression models to examine trends in territory density
(territories per hectare of suitable habitat available in each meadow) at the
scale of the individual meadow. In this analysis we included only those years
with Willow Flycatcher survey data, and we considered years with missing
data to be null values. To account for multiple tests, we applied a Holm ad-
justment to probabilities generated by the linear models. We used territory
density as our response variable to account for lack of normality in territory-
count data and the effect of varying meadow size on the absolute numbers of
territories possible at each meadow. We used ArcMap 10.14 to determine the
area of each meadow suitable as a basis for our density estimate. We hand-
digitized the boundary of each meadow as seen in color imagery generated
2009-2014 by the National Agricultural Imagery Program (visually delineat-
ing between meadow vegetation and the surrounding upland covered by for-
est or sagebrush) and eliminated any large (>5 ha) contiguous areas of open
meadow that lacked deciduous riparian shrubs (based on vegetation visible
in imagery and personal knowledge of each meadow). Then we calculated
the area of the resulting polygons to represent the area of each meadow that
provided the Willow Flycatcher’s basic habitat: a mix of open meadow and
large (>0.1 ha) patches of willow or other riparian shrubs (Table 1).

We then aggregated territory-density data for all meadows to assess the
overall regional trend in the density of Willow Flycatcher territories through
time. To avoid regional trend estimates being skewed because survey effort
was less consistent in some years or meadows, we restricted the regional
analysis to only those meadows and years without substantial missing data.
We eliminated meadows that were missing data for more than two years
between the completion of pond-and-plug restoration at Upper and Middle
Perazzo and the end of our study in 2019 (Martis Valley, Milton, Little Perazzo,
and Stampede). We then eliminated all data from years when more than one
of the remaining 7 meadows was missing survey data (1997 and 2009-2015).
This data filtering yielded 17 years of territory-density values for 7 meadows
to be analyzed (n = 119). For the 9 site—year combinations in this reduced
dataset for which data were still missing, we imputed the mean and replaced
the missing values with the average territory density across all 7 meadows
and 17 years (0.09 territories/ha; Pratama et al. 2016).

To assess the effect of the pond-and-plug restoration efforts on the Willow
Flycatcher’s population trends in the study area, we used a generalized linear
mixed model (GLMM) in a “before, after, control, impact” (BACI) frame-
work, with restoration status and time period acting as fixed effects and year,
meadow, and their interaction terms acting as random effects. This framework
makes it possible to distinguish population trends related to the restoration
from background trends occurring independent of the restoration (Conner
etal. 2016, Pardini et al. 2018). We considered the territory-density estimates
in the restored Perazzo meadows to be the “impact” group and the remaining
unrestored meadows to be the “control” group. The density estimates during
the 13 breeding seasons leading up to the first restoration project (fall of 2009)
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made up the before-treatment group, and territory estimates during the nine
breeding seasons after restoration was completed at the second project (fall of
2010) made up the after-treatment group. In addition to helping differentiate
the effect of treatment from background trends, a GLMM accommodates the
Poisson distribution of our data and is robust to some missing data, thereby
allowing us to retain all meadow-by-year combinations in our analysis. We
created these models in R statistical software version 4.1.0 with the function
“glmer” in the package “lme4” (Lee et al. 2006, Bates et al. 2015, R Core Team
2017). We subsequently ran post-hoc pairwise interaction tests with the func-
tion “Ismeans” from the package “Ismeans” in R to examine the differences
between individual pairs of variables. In these pairwise interaction tests we
adjusted p-values by using the Tukey correction function.

RESULTS

The 11 meadows in our study area encompassed 846 stations for broadcast
surveys for the Willow Flycatcher, at which 27,738 broadcast surveys were
completed between 1997 and 2019. We used the results from these broadcast
surveys plus additional observations during territory monitoring to deter-
mine the number of territories at each meadow in each year (Table 2) and
calculate territory density. At six of the meadows the decline in the density
of Willow Flycatcher territories during the study period was significant
(Figure 3). The three meadows with the greatest declines (Lacey Valley: R? =
-0.875, p < 0.001; Carpenter Valley: R? = -0.749; p < 0.001; Lower Perazzo:
R%=-0.835; p < 0.001) each supported 0.1-0.25 territories per hectare at the
beginning of the study period but were entirely vacant by the end. Although
declines were not as severe at Middle Perazzo, Cottonwood Creek, and Mar-
tis Valley, they were still significant (R* = -0.583, p < 0.001; R?> = -0.456, p =
0.041; R*=-0.604, p = 0.012, respectively). Territory density increased at one
meadow (Stampede: R? = 0.255; p = 0.180), but that increase did not reach
the level of significance. Territory density remained unchanged or declined
non-significantly at four others (Independence Lake: R? = 0.069, p = 0.813;
Little Perazzo: R? = -0.047, p = 0.523; Milton: R* = -0.333, p = 0.145; Upper
Perazzo: R?>=-0.014, p = 0.813). Though its trend did not qualify for statis-
tical significance, Little Perazzo nonetheless retained no Willow Flycatcher
territories by the end of the study period.

The overall density of Willow Flycatcher territories at the 7 meadows with
the most robust survey effort over the study period declined significantly (Fig-
ure 4; F=37.88, R2=0.25, p < 0.001). This decline in density corresponds to
an average loss of 0.004 territories per ha of meadow annually, amounting to
1.55 territories lost per year across the 7 meadows (397 ha of habitat vacated).

The GLMM revealed an overall significant difference in territory density
among the four categories defined under the BACI framework (t = -3.104, p
= 0.0125; Table 3). Pairwise comparisons show this difference is driven by a
significant decline in territory density in the unrestored meadows between
the pre-restoration and post-restoration periods (Table 4). No other differ-
ences in the pairwise comparisons were significant. The relative and absolute
decline in territory density at the restored meadows was markedly lower than
at the unrestored meadows (Figure 5). At unrestored meadows, the estimated
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FIGURE 3. Trend in Willow Flycatcher density at the 11 meadows studied in or near
the Little Truckee River watershed from 1997 to 2019. Blue lines indicate estimated
trends and gray shading depicts the 95% confidence interval. Red vertical lines on
the graphs for Upper and Middle Perazzo indicate when pond-and-plug restoration
was implemented.

mean territory density declined 62%, from 0.12 to 0.05 territories per hectare,
while territory density at restored meadows declined 20%, from 0.09 to 0.07
territories per hectare.

DISCUSSION

During this study, beginning in 1997, we observed a continued decline in
Willow Flycatchers throughout our study area, mirroring trends across the
Sierra Nevada and California Cascades. Threats facing the Willow Flycatcher
are numerous, including intensifying droughts as well as possible habitat loss
or degradation on the winter range and along migration routes (Green et al.
2003, Diffenbaugh etal. 2015, Paxton etal. 2017, Ruegg et al. 2018,2021). The
effects of these extrinsic factors may be exacerbated by population declines, as
social cues needed for habitat selection may disappear (Schofield et al. 2018),
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FIGURE 4. Combined density of Willow Flycatcher territories at 7 meadows with
robust survey data in and near the Little Truckee River watershed from 1997 to 2019.
Not every meadow was surveyed in every year. The trend of decrease (R? = -0.25) is
significant (p < 0.001).

as may source populations, reducing overall population stability (Donovan
etal. 1996, Loffland et al. 2014). These potentially interacting stressors make
restoration and efforts designed to support the region’s remaining breeding
populations and their habitat more important than ever.

With the exception of one meadow (Stampede) where territory numbers
increased during the study (possibly because of a pulse of willow and cot-
tonwood recruitment on a delta of sediment deposited by floods in 1997), the
11 meadows we studied have lost territories since the late 1990s. Most alarm-
ing are two meadows (Lacey Valley and Carpenter Valley) that supported a
substantial proportion of the local population (6 to 15 territories annually)
at the beginning of the study period but where the Willow Flycatcher has
often been absent in recent years. In contrast, the two meadows restored a
decade ago (Upper and Middle Perazzo) supported similar numbers in the
1990s but their subsequent declines in territory numbers and territory den-
sity have been less severe. In fact, since restoration, territory density at these
two meadows has been relatively stable in most years, with most of the pre-
restoration territory locations remaining occupied over a time long enough
to suggest turnover in the individuals occupying the territories. Additionally,
flycatchers have colonized some areas of improved habitat in the rewetted

TABLE3 Least-Square Means and Confidence Limits for Categories of Res-
toration in a General Linear Mixed Model Assessing Effects of Pond-and-Plug
Meadow Restoration on Density of Willow Flycatcher Territories

Category Mean SE df Lower CL  Upper CL
Unrestored: After 0.0431 0.0244 10.04 -0.0112 0.0974
Unrestored: Before 0.1207 0.0239 9.26 0.0669 0.1745
Restored: After 0.0739 0.0512 9.64 -0.0406 0.1885
Restored: Before 0.0966 0.0504 9.06 -0.0172 0.2104
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TABLE 4 Pairwise Comparisons of Categories of Restoration in a General Linear
Mixed Model Assessing Effects of Pond-and-Plug Meadow Restoration on Density
of Willow Flycatcher Territories

Contrast Estimate SE df t ratio p

Restored: After-Restored: Before -0.0274  0.01552  141.58  -1.764  0.2949
Restored: After-Unrestored: After 0.0261  0.05662 9.72 0.462 0.9657
Restored: After—Unrestored: Before -0.0514  0.05641 9.57 -0912  0.7992
Restored: Before-Unrestored: After 0.0535  0.05591 9.24 0.957 0.7759
Restored: Before-Unrestored: Before -0.0241  0.05569 9.1 -0.432 09714
Unrestored: After-Unrestored: Before -0.0776  0.00846  29.05 -9.17  <0.0001

portions of the restored meadows. Without individually marked birds we
cannot know whether these territorial birds hatched at those meadows or
immigrated from nearby meadows, but at a minimum we can be confident
that the short-term disturbance that pond-and-plug restoration entails did
not result in mass emigration away from the restored meadows, as territory
numbers at the restored sites did not dip after restoration.

At the regional scale, combining results from the seven meadows with the
most consistent data revealed a significant overall decline in territory density
of approximately —-6% per year. This rate of loss aligns closely with the rate
documented at these meadows before the restoration (Mathewson et al. 2013)
and with declines in the southwestern subspecies of the Willow Flycatcher
(E. t. extimus) in southern California (Beatty 2014).

Currently, all Willow Flycatchers in California occur in small, isolated habitat
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FIGURE 5. Combined density of Willow Flycatcher territories at the two restored
meadows (@) versus at the nine unrestored meadows ( A ), before and after restoration
was implemented. Error bars indicate the standard error of observed territory density.
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patches that support a small number of birds. Populations this small may suffer
effects such as the loss of genetic variability, inbreeding depression, or skewed
sex ratios (Lacy 1987, Paxton et al. 2002, Kus et al. 2017). At our study sites,
before the restoration Mathewson et al. (2013) noted an apparently skewed sex
ratio with the number of females declining at a rate greater than that of males.
Although we were unable to continue intensive territory monitoring every year
after the restoration, we have continued to document many unpaired males
(Loffland unpubl. data), suggesting that this skewed sex ratio continues to re-
duce the population’s potential reproductive output. Moreover, a lack of females
could mean that results from broadcast surveys, which detect mainly males, may
mask population declines that are even more severe than they appear.

Despite the overall decline in territory numbers and density, we also
detected a positive effect of restoration. After restoration, territory densities
at Upper and Middle Perazzo were essentially stable, even after a precipitous
pre-restoration decline at Middle Perazzo, and even as declines continued
unabated at most other meadows in the region. In these instances restoration
appears to have arrested declines but has not been sufficient to reverse them.
The birds’ failure to increase during the decade following these meadows’
restoration suggests that any benefits of restoration to Willow Flycatcher
productivity or survival are not outpacing losses at other stages of this mi-
gratory species’ annual cycle (Ralph and Hollinger 2003, Paxton et al. 2017).
Nonetheless, restoration clearly benefited Willow Flycatchers at the two re-
stored meadows, suggesting that increasing the pace and scale of restoration
at as many nearby meadows as possible is worth the effort. Such restoration
is being planned for at least two of the larger meadows in our study (Lacey
Valley, Carpenter Valley) that harbored multiple territories in the early 2000s
and shared many vegetative and physical characteristics with the restored
meadows. Their incised channels, lowered water tables, and senescing willow
stands could likely be remedied by similar restoration efforts (Balance Hydro-
logics et al. 2013). Since 2019, two more meadows in our study area, Lower
Perazzo and an area downstream from Martis Valley, have also been restored.

Throughout the study area—in restored and unrestored meadows—Wil-
low Flycatchers continue to cluster their territories in the wetter meadows
(Sanders and Flett 1989; Loffland unpubl. data) and in areas of those meadows
with dense cover of riparian shrubs and ample water (Bombay et al. 2003b).
Indeed, Dietrich (2020) found that at Upper Perazzo, Middle Perazzo, and
Lacey Valley Willow Flycatchers almost exclusively used areas with >88%
soil saturation and >60% sedge cover within the herbaceous layer. Total
insect abundance and the abundance of the insect taxa observed being fed
to fledglings were also significantly higher in the areas with more saturated
soil, indicating that restoration may improve habitat for Willow Flycatcher
foraging as well as nesting (ibid.). This affinity for surface water and dense
riparian shrubs is consistent with past findings and further emphasizes the
importance of meadow moisture and vegetation in maintaining populations
(Sanders and Flett 1989, Sedgwick 2000, Bombay et al. 2003b, Green et al.
2003, Vormwald et al. 2011, Dietrich 2020). It should also inform manage-
ment, as the frequency and intensity of drought in California are projected
to increase (Diffenbaugh et al. 2015). Habitat-restoration efforts designed to
improve meadow hydrology at Upper and Middle Perazzo appear to have
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buffered the worst effects of drought during the past decade and likely will
continue to do so. In the restored portions of Upper and Middle Perazzo
meadows, groundwater remained within 0.6 m of the ground surface from
June through August during several drought years (2012-2015). In contrast,
at the unrestored Lower Perazzo, groundwater levels fell to 0.9-2.0 m below
the ground surface during the dry year of 2015, when shallow monitoring
wells were installed at this site (Trustman et al. 2017).

At many meadows, hydrologic restoration by the pond-and-plug and other
similar techniques (complete fill, beaver-dam analogs, etc.) may be essential
for arresting and possibly reversing the Willow Flycatcher’s decline, but where
willows and other riparian shrubs have been greatly reduced, we caution that
such efforts alone may not be sufficient. In montane meadows, the abundance
of meadow-associated bird species is influenced strongly by the structural
complexity of the vegetation, particularly the presence of large patches of de-
ciduous riparian shrubs (Campos et al. 2020). With its affinity for willows, the
Willow Flycatcher is unlikely to be an exception. In meadows of the northern
Sierra Nevada, including some of these same study sites, the response of the
Yellow Warbler (Setophaga petechia) to restoration was strongest where wil-
low cover was greatest prior to hydrologic restoration (ibid.). In the foothills
west of our study, Dybala et al. (2018) also found that the abundance of the
Yellow Warbler, Song Sparrow (Melospiza melodia), and Warbling Vireo (Vireo
gilvus), species with similar habitat associations, increased over time as woody
vegetation in restored riparian areas increased during the same period as our
study. Therefore, in addition to hydrologic restoration, habitat restoration that
increases the extent of willow and other deciduous riparian shrubs through
targeted management of grazing, planting, and other means should give the
Willow Flycatcher the best chance of persisting across the region.
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The Hooded Grosbeak (Coccothraustes abeillei) is endemic to evergreen montane
forests from northern Mexico to northern Central America (Carter 2014). Like
its two congeners—the Hawfinch (C. coccothraustes) of Europe, Asia, and north
Africa, and the Evening Grosbeak (C. vespertinus) of North America—the Hooded
Grosbeak is generally quiet and inconspicuous when nesting (Komar 2002). Nearly
75 years passed between the formal naming of the Evening Grosbeak and the first
descriptions of its nesting habits (Speirs 1968). Clement (2010) and Carter (2014)
summarized what very little has been published concerning nesting of the Hooded
Grosbeak, primarily on the basis of the work of Thurber et al. (1987; phenology),
Howell and Webb (1995; brief description of nest site), and Komar (2002; phenology,
nest description, and behavior). Carter (2014) noted further that “data on clutch
size, egg color, and incubation have not been recorded.” Additional references to the
timing and locations for “breeding” and juveniles collected were listed by Miller et
al. (1957). We prepared this note in response to this paucity of information.

On 21 June 2021 Mario Alvarez Lara and Kurt and Cindy Radamaker accompa-
nied us in searching for Hooded Grosbeaks and other mysteries at Valle del Ovni (23°
03'20"N, 99° 13" 46" W; elevation 1360 m), Gémez Farfas Municipality, Tamaulipas,
Mexico. At approximately 13:30 Alvarez Lara spotted a male Hooded Grosbeak. The
bird soon flew a short distance across the road on which we were standing to join
a female. While the rest of us were admiring the pair of adults, Alvarez Lara found
two live young birds (Figure 1) on the road at our feet. We eventually looked up to
see the nest as well, about 3 m from where the adults had been before slipping away
while we were distracted with the young. Valdés found no grosbeaks in the area
during a return visit on 9 July 2021.

The nest was approximately 4 m above the ground on the horizontal branch of
a large Mexican Hornbeam (Carpinus tropicalis) in a tangle with grape (Vitis sp.)
(Figures 2 and 3). We were unable to see the top of the nest, including its contents,
but from below it appeared to be a rather flat, bulky platform of twigs, perhaps 20
cm in diameter. In all of these ways the nest fit well within the range of characteris-
tics described previously for the Hooded Grosbeak (Carter 2014), as well as for the
Hawfinch (Cramp and Perrins 1994) and Evening Grosbeak (Speirs 1968, Gillihan
and Byers 2001).

The nestlings were perhaps 8-10 days old—on the basis of nestling Evening
Grosbeaks opening their eyes at an age of 4-6 days and fledging at 13-14 days (Gil-
lihan and Byers 2001)—too young to be out of the nest. The birds were undergoing
prejuvenal molt, as evidenced by the synchronous growth of coverts and remiges,
as well as the loose down feathers being replaced (R. S. Terrill pers. comm.). Feath-
ers of the breast were cinnamon colored, those of the back olive, and those of the
wings primarily blackish (with pale tertials just emerging and underwing coverts
apparently pale yellow). Only pale gray down feathers were present on the head, and
down feathers were also scattered on the back and wings. The nestlings’ bills were
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FIGURE 1. Young Hooded Grosbeaks found below their nest at Valle del Ovni,
Tamaulipas, Mexico, 21 June 2021.

Photo by Richard A. Erickson

== L rra-ae BT |
FIGURE 2. View from below of nest of the Hooded Grosbeak in a tangle of Mexican
Hornbeam (Carpinus tropicalis) and grape (Vitis sp.) at Valle del Ovni, Tamaulipas,
Mexico, 9 July 2021.

Photo by René Valdés
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FIGURE 3. Close-up view of Hooded Grosbeak (Coccothraustes abeillei) nest at Valle
del Ovni, Tamaulipas, Mexico, 9 July 2021.

Photo by René Valdés

drab gray-green, and their legs and feet were pale pinkish. Their eyes were black-
ish. Nestlings of the species have not been described or photographed previously.

The larger of the two nestlings was bloody. We have no idea what befell them or
what portion of the clutch they may have represented. In the Hawfinch the clutch
size ranges from 3 to 5 (Cramp and Perrins 1994), in the Evening Grosbeak 2 to 5
(Gillihan and Byers 2001). The nestlings’ different sizes suggest asynchronous hatch-
ing, as is reported for the Hawfinch (Cramp and Perrins 1994). We left the young
together on the slope next to the road, their fate unknown. Additional photos are
posted at https://ebird.org/checklist/S90631344.

We searched the literature and examined all reports of the Hooded Grosbeak
through https://ebird.org for references to potential nesting (Table 1). Evidence of
nesting in eBird extended from 8 April to 11 October and covered the length of
the species’ range from Chihuahua to El Salvador (Table 1). Nest substrates men-
tioned include pine (n = 2) and Mexican Cypress (Cupressus lusitanica; n = 1). The
most interesting observations are from San Cristobal de las Casas, Chiapas, where
Francesca Albini observed family groups as late as September in 2013 and 2017. In
2017 adults were building a nest from 27 August to 1 September, overlapping with
the time that young were begging from the same individuals, from 27 August to
2 September (https://ebird.org/checklist/S38859177, S38919551, S38949309, and
$38967506). This strongly suggests attempted double brooding, but the second at-
tempt appears to have ultimately failed. Komar (2002) also suspected renesting in
El Salvador 27-29 July 1999. Cramp and Perrins (1994) reported multiple broods of
the Hawfinch in captivity but no confirmation in the wild. Double brooding is rare
in the Evening Grosbeak but has apparently been confirmed in Colorado (Gillihan
and Byers 2001). The long nesting season for the Hooded Grosbeak documented
here suggests that multiple broods may not be unusual, or that the phenology of its
food varies regionally and/or by year.
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TAaBLE1 Phenology of Nesting of the Hooded Grosbeak

Source
eBird?
Visiting ~ Nest building/ Recently
Published probable  carrying nest Occupied fledged  Feeding
Location literature® nest site material nest young young
Chihuahua 14 Aug
(n=1)
Sinaloa 19 Jun-29 Jul
(n=1)
Durango 28 Jun
(n=1)
Tamaulipas 8 Jun (juvenile;
n=1)
Hidalgo 22 Apr
(n=1)
Michoacan 30 Jun
(small juvenile;
n=1)
Distrito Federal 11 Apr
(n=1)
Morelos 8 Mar
(n=1)
Guerrero 3 Jun (laying)
-16 Jun (n =2)
Chiapas 30 May-7 Jun 8 Apr-1 Sep 30 Jul-1
(n=1) (n=6) Sep
(n=3)
Guatemala 15Jun 13 Apr-30 Aug 7 May 17Jul 21 Aug-11
(n=1) (n=238) (n=1) (n=1) Oct
(n=2)
El Salvador May 23 Jun-29 Jul 24 Jun
(copulation; (n=2) (n=1)
n=1)
Full range 8 Mar-29 Jul 15 Jun 8 Apr-1Sep  7May  24Jun- 14 Aug-
(n=37) (n=9) (n=1) (n=18) (n=1) 1 Sep 11 Oct
(n=5)  (n=3)

“Based on eight reports from Miller et al. (1957) from Mexico (described only as “breeding” unless oth-
erwise specified) and one from Thurber et al. (1987) from El Salvador.

bBased on information included in 28 eBird checklists (some linked to additional observer checklists
for the same time and place) describing reproduction in the Hooded Grosbeak, of the 6335 reporting
the species from 1999 through June 2021: Mexico 2817, Guatemala 3443, Honduras 4, El Salvador 71.

We thank Mario Alvarez Lara and Kurt and Cindy Radamaker for assistance
in the field, and José Alberto Lobato Garcia, Esteban Berrones Benitez, Robert A.
Hamilton, and Weston G. Burt for advice, assistance, and inspiration. Marshall J. Iliff
provided easy access to eBird observations, and Ryan S. Terrill helped with examina-
tion of specimens at the Moore Laboratory of Ornithology, Occidental College, Los
Angeles. We also used the database of specimen collections at http://www.vertnet.
org. Matthew J. Baumann, Oliver Komar, Philip Unitt, and an anonymous reviewer
formally commented on the manuscript.
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FIRST SPECIMEN OF THE NAZCA BOOBY
(SULA GRANTI) FOR THE STATE OF

BAJA CALIFORNIA, MEXICO

JONATHAN VARGAS, Coastal Solutions Fellows Program, Cornell Lab of
Ornithology, 159 Sapsucker Road, Ithaca, New York 14850; jnv27@cornell.edu

LILIANA ORTIZ-SERRATO and CESAR IVAN MANRIQUEZ-CASTRO, Pro
Esteros A.C., Cuarta 210, Ensenada, Baja California 22800, México; lortiz@
proesteros.org; educacion@proesteros.org

GORGONIO RUIZ-CAMPOS, Coleccion Ornitoldgica, Facultad de Ciencias,
Universidad Auténoma de Baja California, Carretera Transpeninsular Ensenada—
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gruiz@uabc.edu.mx (corresponding author)

On 16 June 2021, during the spring—summer monitoring for nesting shorebirds,
we found a dead subadult male Nazca Booby (Sula granti, Figure 1) on the inner side
of the sandbar at the mouth of the Estero Punta Banda, south of the city of Ensenada,
Baja California, Mexico (31° 46’ 25" N, 116° 37" 17" W). The specimen was found
in a site with halophytic plants dominated by Abronia maritima and Carpobrotus
edulis. The specimen was identified by its peculiar coral/pink bill with yellower tip
in comparison with the yellowish bill color of the Masked Booby, Sula dactylatra
(Cuccaro-Diaz et al. 2020). Also, a dorsal view of the central tail feathers shows the
white extending from the base of the tail to beyond half its length (Figure 2).

Body measurements of this specimen include total length 784 mm, wingspan
1595 mm, wing chord 430 mm, tarsus length 61.8 mm, tail length 193 mm, bill
length 103.6 mm, bill ratio (depth/length = 0.322), and weight 979 g. The weight
of the specimen was 41% less than the mean weight for males (1656 g) reported for
this species in the tropical eastern Pacific (Garcia-R. and Lopez-Victoria 2008), a
body condition suggesting starvation as a possible cause of death. The specimen
(Figure 3) was cataloged with the number 2165 in the Bird Collection, Vertebrate
Laboratory, Faculty of Sciences, Autonomous University of Baja California (UABC).

The Nazca Booby is a marine bird that ranges over the eastern tropical Pacific

) 13
FIGURE 1. Nazca Booby found on 16 June 2021 on the sandbar of Estero Punta Banda,
Baja California, Mexico.

Photo by Jonathan Vargas
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FIGURE 2. Dorsal view of central rectrices showing white extending from the base to

beyond the half of length of the tail.

Photo by Gorgonio Ruiz-Campos

Ocean from Mexico to Peru, feeding on fish and breeding primarily on rocky islands,
principally the Galapagos and Malpelo islands (Huyvaert and Anderson 2004).
However, there are smaller colonies elsewhere, the northernmost on San Benedicto
Island (western Mexico), consisting of 4 birds in 1988 and 50 in 1990 (Pitman and
Jehl 1998, Cuccaro-Diaz et al. 2020), or possibly the Alijos Rocks, 350 km west of
Cabo San Lazaro, Baja California Sur, where Pitman and Jehl (1988) reported that
a few Nazca Boobies were possibly breeding in 1983.

The individual we found represents the first specimen for the Mexican state of
Baja California, but there are a few previous sightings. The first record for the state
of Baja California was of a subadult that came aboard a boat about 95 km west of
Punta Banda on 27 May 2001 and rode the boat to San Diego, where it was taken into
rehabilitation (Garrett and Wilson 2003, Erickson et al. 2013). The earliest report

FIGURE 3. Specimen (UABC-2165) deposited in the bird collection of the Universidad
Auténoma de Baja California.
Photo by Gorgonio Ruiz-Campos
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via https://eBird.org is of an adult observed on 17 August 2014 over the Nine Mile
Bank, north of the Coronado Islands, just to south of the border with the United
States. Since 2014, sightings of the Nazca Booby for the state of Baja California have
been reported several times on the citizen-science platforms of eBird (n = 6) and
https://www.iNaturalist.org (n = 2; one redundant with a report to eBird), off the
Pacific coast of Baja California. There are no records yet from the Gulf of California
side of the state.

In contrast to the few Nazca Booby records for the state of Baja California, in
southern California just across the border with the United States, the California Bird
Records Committee has accepted 56 records from 2013, year of the first confirmed
record (Yang et al. 2016), through 2019. Because of the proliferation of records, that
committee has discontinued reviewing reports of this species (Benson et al. 2021).
From 2020 through September 2021, 12 additional observations were recorded via
eBird. Since the first specimen confirming the Nazca Booby for the United States in
2013, four additional specimens of this species have been preserved from the south-
ern California coast: one at the Los Angeles/Ventura county line in 2018 (Benson
et al. 2020; Natural History Museum of Los Angeles County 121174), two from San
Diego Bay, on 30 August 2019 and 24 April 2020 [San Diego Natural History Mu-
seum (SDNHM) 56365 and 56505, respectively], and one from Imperial Beach on
10 October 2020 (SDNHM 56938). The northernmost Nazca Booby sighted along
the Pacific coast was photographed on 30 August 2017, south of the Kenai Peninsula,
Alaska (Gibson et al. 2018).

Except at the Alijos Rocks, the well-supported records from even Baja California
Sur postdate the year 2000, and the species began to be reported regularly only from
2013 onward, just as in southern Upper California. The recent sightings of Sula
granti around the Baja California peninsula and farther north might be explained
by warming of oceanic waters caused by climate change, species of tropical affinities
extending their ranges north toward warm-temperate latitudes.

We thank Philip Unitt (San Diego Natural History Museum) for information
about Nazca Booby specimens and records in California, United States. Kimball
L. Garrett and Philip Unitt made very useful comments that improved the content
and clarity of this note.
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NORTHERN CARDINAL NESTING IN WYOMING

ROBERT D. DORN and JANE L. DORN, 8481 Road 39, Lingle, Wyoming 82223;
linglebird@yahoo.com

CALVIN E. DYER, 2779 Power Plant Road, Lingle, Wyoming 82223

The Northern Cardinal (Cardinalis cardinalis) was first reported in Wyoming
on the basis of John Clearwaters” observation of a pair along Bear and Horse creeks
near LaGrange, Goshen County, date not specified (Grave and Walker 1913). Mc-
Creary (1939) reported that cardinals were being brought into the state in cages by
the Mexicans and some may have escaped or been released. The cardinal has been
reported from Wyoming at least 19 times since 1957 about equally in all seasons
except winter, for which there are only two reports (Scott 1957, 1962, Downing 1990,
Faulkner 2010, https://wybirdrecordscommittee.wordpress.com). The observations
cover most parts of the state. But there have been no reports of nesting. The species
has been classified as a “rare, irregular, yearlong visitor” (Dorn and Dorn 1999)
or a “rare visitor” (Scott 1993, Faulkner 2010, https://wybirdrecordscommittee.
wordpress.com).

In 2019 we observed at least two pairs of cardinals throughout the summer in
brush-covered hills along the North Platte River about 3 km southwest of Lingle,
Goshen County, Wyoming, but there was no evidence of nesting and the birds did
not overwinter in the area. In 2020 at least one pair of cardinals returned to the
same area. On 20 June 2020, Dyer observed an adult male with a fledgling. On the
following day he observed the adult male feeding the fledgling (Figure 1). Later that
day R. D. and J. L. Dorn observed the male feeding presumably the same fledgling

FIGURE 1. Adult male Cardinal feeding ﬂedghng, Goshen County, Wyomlng, 21 June
2020.

Photo by Calvin Dyer
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at the same location (see this issue’s outside back cover). No other fledglings were
subsequently observed, although the female could have been feeding others else-
where. This appears to be the first documented record of the Northern Cardinal
nesting in Wyoming. In the winter of 2020-21 Dyer observed cardinals regularly at
this same location. On 2 July 2021 he noted an adult male feeding three fledglings
at the same location as in 2020.

The closest previously documented breeding of the species is about 60 km
southeast of this location at Scottsbluff, Nebraska, where first confirmed in 1994
(Faulkner 2010). The species nests regularly from there and east across Nebraska.
In Nebraska it is listed as more common in the east but has spread west in riparian
woodlands and is now almost statewide (Farrar 2004). The observed breeding in
Wyoming undoubtedly represents a continuing westward extension of the range
along the North Platte River.
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Life under the Fast Lane: Ecology and Conservation of the Bridge-Nesting
Purple Martins in Urban Sacramento, by Daniel A. Airola. 2020. Central Valley
Bird Club Special Publication No. 1. Central Valley Bird Club, Sacramento, CA. 114
pp- + appendices.

For more than 20 years, field ornithologist and consultant Dan Airola has been
studying and helping manage a unique population of the Purple Martin (Progne
subis) nesting under freeway bridges in Sacramento, California. This monograph
(the first in what is intended to be a series from the Central Valley Bird Club, edited
by Airola), brings together two decades of insight into balancing human-oriented
infrastructure with the needs of a threatened bird species making a living in this
bustling, constantly changing city. Historically nesting throughout the Central Val-
ley, western martins never took to artificial nest boxes like their eastern cousins,
though roof-nesting was noted by the earliest ornithologists visiting Sacramento
in the 1800s. This phenomenon lasted into the 1970s when martins switched from
building roofs to cement freeway bridges, coinciding with the arrival of European
Starlings (Sturnus vulgaris), which seem physically unable to nest in the same vertical
“weep holes” on the undersurfaces of bridges (p. 10-11).

Down from a high population of 173 pairs in 12 colonies in 2004 (the first full
season of systematic surveys), by 2020 the Sacramento nesting population was
estimated at 25 pairs in just 6 colonies (p. 30). Airola begins by summarizing the
current population status of western martins, last estimated in 2005 at 3500 indi-
viduals. The most recent California estimate was 850-1850 pairs in 2006, yet here
we are 15 years later, following a decline of 88% at the Sacramento colony (formerly
one of the largest, if not the largest, in the state) since 2004. This monograph, es-
sentially a combined research synthesis and management plan, is divided into 12
informative sections, several of which are hyper-local, focused on management of
these colonies, but nonetheless have great relevance to (and will surely resonate
with) anyone working on the ground in urban wildlife management. Sections like
“Environmental Analysis Procedures” and “Significance Determinations” brim
with detail that could be applied to just about any urban wildlife system around the
country. I immediately thought of an analysis of herons nesting in Los Angeles on
which I worked over a decade ago (Hamilton and Cooper 2010), and other field
biologists will surely think of their own.

Urban-natural systems are fraught with unique logistic, political, and regulatory
challenges—the martin colonies in Sacramento are managed by no fewer than eight
federal, state, and local entities. Yet too often, such details are left out of conservation-
oriented papers and even monitoring plans (or are vaguely referenced as “challenges
and opportunities”). Here, the 40+ pages of appendices get granular (e.g., “Colony Site
maps with Alpha-Numeric Hole Designations”), and include outlines of areas of nest-
material collection as well as the nest sites superimposed onto aerial photographs.
Airola packs in so many details on martin ecology that I was constantly thinking,
“huh, that would make a good project...” (or dissertation topic, or life’s work): that
all colonies extend at least 85 meters of bridge length, with at least 6 meters of un-
obstructed airspace below, or that birds bring in fresh (green) leaves to nests during
incubation, perhaps to maintain humidity or to deter parasites. The basis for this be-
havior, widespread in birds, is still apparently a mystery (Dubiec et al. 2013, Heinrich
2013). Or that mud is used in nest-construction, and yet no one seems to have seen a
Sacramento martin collecting mud. Airola documents a remarkable “aggregation site”
along the American River consisting of 35-m tall transmission towers, where most of
the population seems to hang out, with numbers peaking in mid-summer. I learned
that females eat tiny clam shells for calcium, and that young accompany adults back
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to nest sites for roosting for several weeks after fledging, but certain juveniles aren’t
physically able to fly back up into the weep holes, which may depress survivorship
(yes, they’ve calculated how many can’t—nearly 80% of observed attempts during two
months of observation, according to fellow researcher Dan Kopp). Wire-mesh nest
guards developed by fellow researcher Jesse Grantham, and put to wide use by Airola
and his colleagues to prevent “nest fallout,” are described and photographed in detail,
which should spark ideas for researchers working with other cavity-nesting species.
Numerous “Sidebar Discussion” text boxes relate the lived experience of Airola’s
team of researchers who have spent decades with these birds. Topics like “Purple
Martins and the homeless population: Partners in neglect,” and “Anatomy of a fiasco:
Inadequate environmental analysis and protection during construction causes 2018
nesting failure” are sure to interest practitioners around the state, where so many
field biologists are employed (or begin their employment) as construction moni-
tors on infrastructure projects. Some readers may be puzzled at Airola’s mentions
of the unhoused human residents who share space with martins, but I say, “bring it
on”—we have clearly entered a new era in which we need honest discussions of who
gets to live where, under what conditions, and how wildlife fits into this new reality.
So what’s not to like? Not much. I was not entirely sold on the proposed link
between martin decline, insect decline, and the rise of neonicotinoid pesticides, for
which Airola provides limited (and circumstantial) evidence, such as declines in lo-
cal butterflies during the same period as martin declines. Such links are notoriously
difficult to study (e.g., see Wagner et al. 2021), and countless aspects of California
ecology have also changed in the past 15 years, yet martins seem to be in sustained
freefall statewide, miles from where appreciable amounts of pesticides are sprayed.
These include extirpations on the Modoc Plateau and in the Sierra Nevada. And
while martins apparently eat butterflies (see p. 46, “Food Supply”), no data are pre-
sented quantifying local diet, nor is there much on the population status of other
species that feed on the same prey (i.e., other bridge-nesting swallows and swifts; but
see “Interactions with other Cavity-nesting Species,” pp. 51-55). I would have liked to
have read more about the status of martin populations nesting elsewhere in Califor-
nia (where, as Airola points out, a new statewide survey is urgently needed), as well
as on the local population outside the nesting season, including in Latin America,
where it may be more exposed to pesticides than at its urban California nesting
sites. Work tracking eastern martin populations in migration and winter is cited
(e.g., Stuchbury et al. 2009), but is there no specific research on winter movements
in our western populations? (I couldn’t find references to this in Brown et al. 2021.)
Airola’s comments on sustainable management practices are particularly
thought-provoking; he terms provisioning of nesting material “un-sustainable”
(p. 49), drawing a contrast with the more sustainable preservation of habitat near
colonies for collection of (natural) material. In light of municipal politics, urban
housing priorities, and the unending demands of infrastructure projects, 'm not
sure I'd agree with this distinction. His work challenges us to ponder not only the
limits of conservation (the population is still declining, despite the tireless work of
his team over many years), but also our responsibility to the remaining colonies.
For me, the line between intervention and “letting nature take its course” becomes
muddled in these cases of birds that nest in our bridges, roost on our utility wires,
and feast on an invasive clamshell brought in by our ubiquitous water-manipulation
projects. But should we not continue to do what we can to come to its aid? Until we
can come to grips with our own behavior as a species, how we degrade and endlessly
alter our surroundings, and what we value as worth conserving, I think we must.
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Sacramento County Breeding Birds, by E. R. Pandolfino, L. A. Douglas, T. D.
Manolis, and C. Conard. Central Valley Bird Club Special Publication 2. 2021. 209
pages, softcover, $35.00; order at http://www.cvbirds.org/birding-resources/birding-
references/sacramento-county-breeding-birds/. ISBN 978-0-578-93728-1.

In our hyperconnected era, torrents of fresh sightings gush through the com-
puters of eBird editors and splash onto our screens. The sheer volume of data can
create an illusion that repeatedly touching our lips to the mighty eBird firehose will
somehow quench our thirst for knowledge, but the resulting depth of understand-
ing tends to be rather shallow. Deeper aquifers of wisdom are tapped when local
experts curate collections of observations and place them in proper historical and
biogeographical contexts. From 1988 to 1993, Tim Manolis led a cutting-edge effort
to collect the data for a Sacramento County breeding bird atlas (BBA) that was not
published. In 2015, Ed Pandolfino, Manolis, Lily Douglas, and Chris Conard decided
to reanimate the zombie information by transforming it into the baseline against
which to compare a new batch of data, collected from 2016 to 2020. Thus, in 2021,
Sacramento County became the first region of California to publish the results of
two BBA projects (Sonoma County also completed its second round of field work
in 2020, but the results are not yet published).

Chapter 1, Methods, describes how the atlas organizers divided the county into
136 5-km blocks. They assembled the first data set in the traditional, centralized
way, assigning blocks to observers who visited their blocks repeatedly over the five
years to achieve high levels of coverage. For the second set, they deployed a “core
group” of 16 local birders, did not assign blocks to individuals, and made liberal use
of eBird data. These differences in methods inevitably complicated the interpretation
of the results, but not to the extent of vitiating them. Given eBird’s prominence in
today’s increasingly decentralized birding culture, BBA organizers should increas-
ingly embrace this data-collection platform.

Chapter 2 provides relevant information on changes in climate and land cover
between the two atlas periods. In short, temperatures rose moderately; residential
development, orchards, and vineyards increased substantially; and large expanses
of grasslands, rangelands, and pasture lands were lost.

Chapter 3 discusses changes in breeding phenology between the atlas periods.
Only modest changes were observed, but some incipient patterns emerged that war-
rant further evaluation as the climate continues to seek a new equilibrium.
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Chapter 4 discusses up to 17(!) new breeding species added, six known or likely
breeding species lost, and eight non-native species that have undergone major
changes between atlas periods. Chapter 5 discusses five native species showing
major increases between the atlas periods. Chapter 6 discusses eight native species
that decreased substantially from the first period to the second. These three chapters
provide the book’s meatiest analyses, with copious citations from the historical and
recent literature, and I found them to be generally satisfying. The authors describe
large-scale phenomena, such as habitat loss, habitat fragmentation, increasingly
sterile agricultural practices, the widespread collapse of insect populations, and the
ill effects of the West Nile virus that are combining to drive down many populations
of many birds, among them the Loggerhead Shrike, Yellow-billed Magpie, Horned
Lark, and Lark Sparrow. Concentrating the analyses in three short chapters facilitates
clear and efficient communication, superior to repetitive discussion of the same basic
topics through multiple species accounts.

I was encouraged to read that, despite many species registering major declines,
the number of confirmed breeding species increased from 107 to 119. As with the
negative changes, most of the positive ones can be traced back to human actions.
For example, effective regulation of pesticides has led to recovery of the Bald Eagle,
Osprey, and Peregrine Falcon, and provision of nest boxes has helped the Hooded
Merganser.

Scanning the bad news, I was shocked to learn that two very adaptable marsh
breeders, the Pied-billed Grebe and American Coot, experienced “considerable loss
of breeding range” between the atlas periods, despite a net increase in the extent of
wetlands. As always, we must become conscious of a problem before solutions can be
devised, and BBAs are powerful tools for documenting and highlighting population
declines that birders might otherwise overlook.

Chapter 7, which discusses numerous occasional, former, and potential breeders,
will be of great interest to local birders, but generally less so for outsiders. Neverthe-
less, I found the Least Bell’s Vireo account intriguing. Why has this riparian bird,
which can successfully incorporate substantial tracts of coastal sage scrub and
mustard into its breeding territories in southern California, failed to recolonize
seemingly ideal patches of riparian habitat in the Sacramento Valley, where it nested
historically?

In Chapter 8, each species account takes up a page. Side-by-side maps show
whether, during the first and second BBA periods, breeding was confirmed, prob-
able, or possible in each block, and a bar graph compares the totals for each category
of certainty of breeding. A short interpretive paragraph explains whether any differ-
ences between the two maps are likely to represent actual changes in the population
or variations in observers’ coverage or emphasis. For those species that did undergo
a particularly notable increase or decrease, the reader is redirected to the relevant
analysis in one of the earlier chapters. A small table provides the trends for California
and North America according to the Breeding Bird Survey (1966 to 2019), and a few
words are devoted to describing the species’ breeding habitat and nest type. I applaud
this streamlined approach, which cuts to the core objectives of any BBA: to identify
and analyze changes in breeding status and distribution in a timely manner, to help
direct land-use policies and management. Better to see BBAs published promptly
with few frills than to wait for years while authors struggle to engagingly describe
the local nesting habits of several dozen common species.

Each species account closes with either a snippet from the field notes of an
unnamed BBA participant or a published passage from such historical giants as
Ralph Hoffman and William Dawson. I must question the curatorial decision to
intersperse utilitarian phrases culled from field notes, such as this description of a
family of Northern Flickers—“Heard young inside cavity of snag next to pond as
adult appeared to feed it”—with meticulously crafted curios from the old masters,
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such as Dawson’s description of a male Anna’s Hummingbird: “At a turn of the head
the entire foreparts assume one cast of rose-purple; at another, the gorget will go to
velvet of some dark nameless tint in relief” However unfair the comparison between
field notes and published prose, I found myself repeatedly staving off the uncomfort-
able feeling that something’s been lost over time. This valuable space might have
been better used to briefly describe some distinctive or otherwise notable aspect of
the species’ local natural history.

A three-page appendix that superficially discusses the changing status of colonial
waterbirds in the county from 1987 to 2020 would have benefited from provision of
maps, and the information probably should have been incorporated into the main
body of the atlas.

Sacramento County’s “two-fer” atlas demonstrates the tremendous value of pe-
riodically repeating the BBA process and comparing the results. The authors made
excellent choices in how they collected and presented the data, and I commend
them for publishing it quickly without getting bogged down in too many details.
This BBA will be essential reading for anyone involved in land management in the
Central Valley, and I strongly recommend it to anyone interested in the status and
distribution of birds in California or elsewhere in western North America.

Robert A. Hamilton
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Photo by © Chandler Dolan of Lisbon, lowa:

Willow Flycatcher (Empidonax traillii), Upper Perazzo Meadow, Sierra Co., California,

5 June 2019.

The Willow Flycatcher, which typically nests above or near water, is undergoing steep
population declines over much of its range in the western United States. In the Sierra
Nevada, most Willow Flycatchers nest around wet meadows, which have been degraded

and desiccated by livestock grazing, road construction, logging, and/or mining. At some
meadows, restoration has been attempted by plugging eroded channels with earth, slowing
drainage. In this issue of Western Birds, Helen L. Loffland, Lynn N. Schofield, Rodney B.
Siegel, and Beth Christman compare the trends in Willow Flycatcher numbers at two
meadows where such experiments were carried out in 2009 and 2010 with those at nearby
meadows not so treated. All meadows combined, the density of Willow Flycatcher territories
declined over the study, which extended from 1997 to 2019. But the average rate of decline
at the two restored meadows was only about a third that of the rate at the unrestored meadows.
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