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Abstract.—Darkness comprises more than half of each 24-hr cycle during winter in California’s Sacramento Val-
ley, but no studies have assessed nocturnal habitat use by wintering shorebirds at this inland site. From February to
May 2013, the day and night habitat associations of radio-tagged Dunlin (Calidris alpina) were compared between
post-harvest flooded rice fields and managed freshwater wetlands in the Sacramento Valley. Dunlin had decreasing
associations with rice during both day and night from February to April. Dunlin exclusively used rice at night until
25 March, when they shifted to wetlands. During the day, Dunlin were regularly associated with both rice and wet-
lands until 4 March, and they exclusively used wetlands beginning 25 March. Diel movements by individual Dunlin
revealed that birds using rice during the day also used rice during the subsequent night. Our findings suggest that
flooded rice, when available, may be more suitable as nocturnal habitat than managed wetlands, and the removal
of water from rice fields in February and March causes Dunlin to either use wetlands exclusively or leave the area.
Conservation of Dunlin, and likely other migratory shorebirds, may be enhanced by managing the agriculture-wet-
land mosaic in the Sacramento Valley to ensure that an adequate amount of shallow-water habitats remain during
March and April, prior to spring migration. Received 8 August 2014, accepted 6 October 2014.

Key words.—Calidris alpina, diel shift, Dunlin, flooded rice fields, habitat association, night, radio telemetry,
wintering shorebirds.
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The composition and spatial configura- equivalent foraging habitat when compared
tion of habitat patches are important ele- to managed wetlands (Elphick 2000), and
ments for wildlife that use landscape mosaics  the effects of flooding rice fields on diurnal
containing a mix of natural and agricultural shorebird abundance are well documented
areas (Bennett et al. 2006; Elphick 2008). (Shuford et al. 1998; Elphick and Oring
This is true for migratory shorebirds that 2003; Strum et al. 2013). During November
spend the non-breeding season in land- and January when mostrice is flooded in the
scapes where they encounter a variety of Sacramento Valley, smaller shorebirds, such
potential habitat types (e.g., natural or semi- as Dunlin (Calidris alpina), are more abun-
natural wetlands, tidal mudflats, flooded dant in rice fields than wetlands (Shuford et
agriculture). Landscapes that are managed al 1998). After water is removed from rice
to offer a mosaic of habitat types have the fields during February and March in prepa-
potential to sustain a large number of migra- ration for planting, managed wetlands com-
tory shorebirds during winter. For example, prise most shorebird habitat available in the
the Sacramento Valley in California is con- Sacramento Valley region (Elphick and Or-
sidered a site of international importance to  ing 1998; Central Valley Joint Venture 2006).
shorebirds (Western Hemisphere Shorebird The use of both rice fields and wetlands dur-
Reserve Network 1993) with over 100,000 ing distinct seasons or times of day may ex-
shorebirds wintering in a mosaic of flooded plain, in part, why the diurnal abundance of
rice fields and managed freshwater wetlands  shorebirds in flooded rice fields has been
(Shuford et al. 1998; Central Valley Joint positively correlated with the area of wild-
Venture 2006). life refuge wetlands nearby (Elphick 2008).

The post-harvest flooding of rice fields However, little is known about the locations
is an effective strategy to create alternative of shorebirds at nightin the Sacramento Val-
wetland habitat for shorebirds during migra- ley (Elphick 2008), even though darkness
tion and winter (Fasola and Ruiz 1996; El- comprises ~12-16 hr each day during winter.
phick and Oring 1998; Tourenq et al. 2001; Habitat associations of shorebirds may
Fujioka et al. 2010). In the Sacramento Val- differ between day and night (Beyer and
ley, flooded rice fields provide functionally Haufler 1994; Shepherd and Lank 2004;
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Gillings et al. 2005). Daylight and tidal cy-
cles govern the diel habitat use patterns by
wintering shorebirds at Humboldt Bay on
the northern California coast (Dodd and
Colwell 1998; Conklin and Colwell 2007).
At inland locations, daylight alone is likely
the main driver of diel habitat use patterns
because foraging areas are readily available
regardless of time of day, but other factors,
such as predation risk or disturbance, may
cause a particular habitat type to be more
suitable during the day or night. In the Sac-
ramento Valley, recent observations dur-
ing early winter of shorebird flocks flying
away from rice fields at dusk and returning
around dawn may indicate that shorebirds
are seeking a particular habitat type or loca-
tion at night (Elphick 2008; B. A. Barbaree,
pers. obs.). More information about the diel
patterns of habitat associations by winter-
ing shorebirds in the Sacramento Valley is
required for effective management of this
agricultural-wetland mosaic and conserva-
tion of wetland-dependent birds.

In 2013, we studied the day and night
habitat associations of radio-tagged Dunlin
within a mosaic of postharvest flooded rice
fields and managed freshwater wetlands in
the Sacramento Valley. Our objectives were
to: 1) characterize the nocturnal habitat asso-
ciations of wintering Dunlin; 2) quantify diel
movements by individual Dunlin between
or within rice fields and wetlands; and 3) as-
sess changes in habitat associations during
a period when water is being removed from
flooded rice fields. Based on observations of
shorebird flocks leaving rice fields at dusk, we
hypothesized that shorebirds would be more
strongly associated with wetlands than rice at
night. We also hypothesized that the relative
use of managed wetlands would increase dur-
ing March and April because some managed
wetlands would remain flooded after water
was removed from rice fields.

METHODS

Study Area

We conducted fieldwork in the Sacramento Valley,
California, at Colusa National Wildlife Refuge (NWR)
and in rice fields directly to the west (Fig. 1). Colusa

NWR (20.55 km?), composed primarily of managed wet-
lands, is located 2 km southwest of Colusa and ~110 km
north of Sacramento, California. Privately owned rice
farms border the refuge to the west, providing a nearly
contiguous area of agriculture lands and wetlands. We
chose this area because it is characteristic of the agricul-
tural-wetland mosaic that is a common feature of the
Sacramento Valley.

Capture and Radio Telemetry

We used mist nets and leg-hold noose mats to cap-
ture and radio-tag 36 Dunlin at three locations in rice
fields from 5 December 2013 to 4 January 2014 (Fig. 1).
We attached a radio transmitter (1.0-1.5 g, coded nano-
tags; Lotek Wireless, Inc.) using a leg-loop harness (San-
zenbacher et al. 2000) to each bird as well as a uniquely
coded U.S. Geological Survey aluminum band.

We conducted 13 ground-based telemetry surveys,
one every 2-11 days (mean = 7 days) from 8 February
to 1 May 2013, to monitor the presence and habitat as-
sociations of radio-tagged Dunlin during the day and
the subsequent night. We used a handheld, 5-element
Yagi antenna to search for radio-tagged Dunlin from
survey stations on accessible roads (Fig. 1). We placed
survey stations within Colusa NWR to ensure that we
covered most wetland habitat within the refuge. Sur-
vey stations in rice farms covered as much rice habitat
as possible given restricted access to some farms and
roads. We defined a survey as monitoring each survey
station once during the day and once during the sub-
sequent night. Diurnal monitoring ceased at least 15
min prior to sunset and at least 60 min prior to official
civil twilight (U.S. Naval Observatory 2013). Nocturnal
monitoring occurred after the beginning of civil twi-
light and at least 75 min after diurnal monitoring had
ceased to allow sufficient time for crepuscular move-
ments by Dunlin.

For each radio-tagged Dunlin that we detected, we
recorded time of day and habitat association after the
location of the bird was confirmed by triangulation or
by sight (i.e., a group of Dunlin was observed in vicin-
ity of the signal), using a high-powered spotlight when
necessary. If an individual was located near the border
of rice and wetland habitat types, we determined its
habitat association by pinpointing the signal on foot.

Habitat Associations

We quantified the total area surveyed in each hab-
itat type by classifying all areas within 500 m of each
survey station as rice, wetland, or other. Through a se-
ries of tests with a dummy radio-tag on dry and level
ground, we determined that a radio-tag was consistently
detected up to ~500 m from the observer (B. A. Bar-
baree, unpubl. data); however, the actual range of de-
tection likely varied due to factors such as proximity to
open water, air temperature, bird position, topography,
and proximity to common causes of signal interference
(e.g., power lines, natural gas wells). In total, we sur-
veyed 19.94 km? of rice fields and 16.36 km? of wetlands
during each survey. Because we know that the daily
space use of a Dunlin can be greater than the area that
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Figure 1. Study area in California’s Sacramento Valley including potential Dunlin habitat in Colusa National Wild-
life Refuge wetlands and nearby rice fields, and the locations of radio-telemetry survey stations.

we surveyed, and we did not have landscape data on  Statistical Analysis

habitat availability, our analyses do not represent habi-

tat selection by Dunlin (Manly et al. 2002), but rather We investigated the relative use of rice fields
their habitat associations and relative use of rice fields ~and wetlands during each survey by pooling detec-
and wetlands. tions into four categories by time of day and habitat
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type: 1) day:rice; 2) day:wetland; 3) night:rice; and 4)
night:wetland. We then used separate Poisson regres-
sion models (Gelman and Hill 2007) for each of the
four detection categories to determine relative use (i.e.,
average number of detections per km?surveyed) during
each survey (intercept-only model) and test whether
relative use was influenced by survey date (full model).

To determine whether the habitat associations of in-
dividual Dunlin change from day to night, we analyzed
a subset of our data that only included diel movements
by individual Dunlin (i.e., occasions when an individual
was detected during both day and night portions of the
same survey). We categorized diel movements by habitat
association during the day (rice or wetland) and used
separate mixed-effects logistic regressions (Gelman and
Hill 2007) to calculate the conditional probability that,
if a Dunlin was associated with rice or wetland during
the day, it would be found in rice or wetland during the
subsequent night. We included individual birds as a ran-
dom effect in both models to reduce the potential bias
caused by correlation of diel movements by the same
individuals. Models resulted in conditional probability
estimates for four diel movement types: 1) rice during
both day and night (P,); 2) rice during the day and
wetland at night (P, ); 3) wetland during both day and
night (P, and 4) wetland during the day and rice at
night ( V\R)

We used the Julian day of the survey date, divided by
100 to facilitate model convergence (Gelman and Hill
2007), as the survey date covariate in relative use models.
We tested for significance by comparing the 95% confi-
dence intervals (CI) for model-based estimates of relative
use and conditional probability. We considered compari-
sons between estimates to be significant if their 95% CI
did not overlap. We considered trend in relative use to be
significant if the 95% CI of the survey date parameter did
not overlap zero. We used the statistical program R for all
analyses (R Development Core Team 2013).

wWw )

REsuLTS

Radio Telemetry

We recorded 100 detections of radio-
tagged Dunlin during the day and 86 detec-
tions at night, including 68 diel movements
by individual Dunlin during a survey. We de-
tected 69% (n = 36) of radio-tagged Dunlin
at least once, and those birds were tracked
for amean (+ SE) of 90 + 6 days after capture
(range = 38-139). We detected Dunlin dur-
ing most surveys and 11% (n = 36) during at
least 85% of our surveys (n = 13). Fewer in-
dividual Dunlin were detected during each
consecutive month of survey effort (n=241in
February, n =14 in March, and n= 8 in April;
Fig. 2); we did not detect any radio-tagged

Dunlin or visually observe any flocks of Dun-
lin during our final survey on 1 May.

Habitat Associations

The habitat associations of radio-tagged
Dunlin from February to May were charac-
terized by decreasing associations with rice
during both day and night and the exclusive
use of rice at night until mid-March (Fig. 2).
Overall, the average number of detections
per km? surveyed was highest in rice (0.26;
95% CI: 0.20, 0.33) and wetlands (0.33; 95%
CI: 0.26, 0.41) during the day; detections at
night were lower in both rice (0.16; 95% CI:
0.11, 0.21) and wetlands (0.08; 95% CI: 0.05,
0.13), although the 95% CI for day and night
detections in rice overlapped. Models that
included survey date suggested a significant
decline from February to April in the rela-
tive use of rice during the day (f =-7.03; 95%
CI: -10.06, -4.64) and at night (p =-3.83; 95%
CI: -5.22, -2.61). In wetlands, trend param-
eters suggested the relative use of wetlands
during the day was fairly constant from Feb-
ruary to April (f =-0.39; 95% CI:-1.28, 0.47),
but a significant increase in the relative use
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Figure 2. Relative use (detections per km?surveyed) of
managed wetlands and flooded rice fields by radio-tagged
Dunlin during the day (top) and at night (bottom).
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of wetlands occurred at night over the study
period (B = 3.60; 95% CI: 1.59, 6.02).

Diel movements revealed that individual
Dunlin using rice during the day also used
rice at night (P, = 1.0, P, = 0.0; Fig. 3).
Dunlin that were associated with wetlands
during the day had a significantly higher
probability of being associated with rice at
night (P, = 0.78; 95% CI: 0.54, 0.92) than
wetlands at night (P, = 0.22; 95% CI: 0.05,
0.46; Fig. 3). Seasonal patterns were evident
because no individual Dunlin were detected
in rice during both day and night after 14
March, and the first date that an individu-
al Dunlin was detected in wetlands during
both day and night was 25 March. The last
diel movement from wetland during the day
to rice at night was on 3 April when a single
radio-tagged Dunlin was found at night us-
ing a nearly dry rice field with only residual
moisture and no standing water.

Discussion

The habitat associations of wintering
Dunlin in the Sacramento Valley were gov-
erned by time of day and season. Contrary
to our prediction, Dunlin were associated
with rice exclusively at night until 25 March,
no longer flooded,

when rice fields were

Day Night
Peg=1.0
8 Feb —
14 Mar
Pyr=0.78
(0.54-0.92)
8 Feb
3 Apr
Pyw=022
Wetland (0.05-0.46)
n=44 25 Mar

23 Apr

Figure 3. Diel movements of individual radio-tagged
Dunlin located during both day and night portions of
a survey. The size of each circle is scaled to represent
the proportion of the sample size (n = 68) in rice and
wetlands during the day and at night. P, represents the
conditional probability of each movement type. Diel
movements from rice during the day to wetland at night
did not occur.

leading to the exclusive use of wetlands at
night by 11 April. Our results support find-
ings by Elphick (2000) that rice and wet-
lands were functionally equivalent foraging
habitats during the day, but our data suggest
that rice fields, when flooded, may be more
suitable than wetlands as nocturnal habitat.
The strong association with rice fields at
night instead of wetlands may be related to
one or more factors, including predation
risk (Rogers et al. 2006), disturbance (Pe-
ters and Otis 2006), or other environmental
correlates such as air temperature or expo-
sure to wind (Rehfisch et al. 2003). Elphick
(2000) found that encounters with preda-
tors of shorebirds during the day were less
frequent in rice fields than in wetlands and
a similar pattern may occur at night. Dis-
turbance related to both predators and hu-
mans may influence the habitat associations
of Dunlin at night. Prior observations of
shorebirds leaving rice fields at dusk in the
Sacramento Valley may be partly explained
by proximity of the observer to potential
sources of disturbance, such as buildings,
roads, and raptor perches. It is also possible
that there was more available habitat in rice
fields than in wetlands during February and
the first half of March, causing Dunlin to use
rice disproportionately at night. However,
our data suggest that this was not a factor
because Dunlin were often associated with
wetlands during the day but never at night
prior to 25 March. Additional work is need-
ed on predator abundance and disturbance
in relation to shorebird locations at night to
better understand the factors influencing
the nocturnal habitat associations of Dunlin.
Our study quantified changes in habitat
associations by wintering Dunlin from Feb-
ruary to April, a period of dynamic habitat
availability for shorebirds in the Sacramento
Valley (Central Valley Joint Venture 2006).
Changes in patterns of habitat associations
are likely a common occurrence for winter-
ing Dunlin at inland sites where seasonal
changes in weather patterns and water use
by humans govern the availability of shallow-
water habitat. For example, Dunlin winter-
ing in the Willamette Valley in Oregon in-
creased home range size on the landscape
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in response to reduced habitat availability
caused by relatively dry weather conditions
from February to April (Taft et al. 2008). In
our study, changes in habitat associations by
wintering Dunlin coincided with the drying
of rice fields during February and March (EI-
phick and Oring 1998; Central Valley Joint
Venture 2006). Specifically, diurnal associa-
tions with rice fields ended on 14 March and
most nocturnal use of rice fields ended by
25 March. Although other factors, such as
increasing availability of shallow-water habi-
tat in wetlands, may have contributed to the
declining associations with rice during our
study, the removal of water from rice fields
likely caused most Dunlin to either begin us-
ing wetlands exclusively or leave the area.

The declining use of rice fields was ac-
companied by fewer detections of individual
Dunlin, suggesting that the probability of
remaining in our study area declined simul-
taneously. Shuford et al. (1998) counted few-
er Dunlin in the Sacramento Valley during
April than in November or January, and our
data reflect a similar decline in abundance
from February to April. Even though most
of the wintering Dunlin that we radio-tagged
no longer used our study area by April, a por-
tion (11%) remained resident from Decem-
ber until at least mid-April. Similar declines
in local residency, which were also likely
related to reduced habitat availability, have
been documented for wintering Dunlin in
coastal California (Warnock et al. 1995) and
in the Willamette Valley in Oregon (San-
zenbacher and Haig 2002). The net loss of
potential shorebird habitat caused by the
removal of water from rice fields may cause
substantial portions of wintering shorebird
populations to leave the Sacramento Valley
because rice fields account for considerably
more land area than wetlands (Central Val-
ley Joint Venture 2006). The onset of spring
migration may also contribute to the declin-
ing local residency of Dunlin in our study
area during March and April because some
Dunlin likely begin northward migration as
early as March.

Our study finds that post-harvest flooded
rice fields provide both day and night habi-
tat for Dunlin wintering in the agricultural-

wetland mosaic of the Sacramento Valley.
The post-harvest flooding of rice fields has
become an integral part of shorebird con-
servation in the region (Elphick and Oring
2003; Stralberg et al. 2010), and the habitat
associations of Dunlin in our study confirm
the importance of this practice. Once water
is removed from rice fields and rice fields
are no longer available as habitat, managed
wetlands account for most, if not all, shore-
bird habitat during late-March and April
(Central Valley Joint Venture 2006). The
exclusive use of wetlands by Dunlin during
April reflects this circumstance and high-
lights the importance of these managed wet-
land refuges, which represent only a small
fraction of the historic extent of wetlands in
the region (Dahl 1990; Central Valley Joint
Venture 2006). Effective conservation of mi-
gratory shorebirds in the Sacramento Valley
requires an adequate amount of shallow-wa-
ter habitat during March and April, a critical
time period prior to migration and breed-
ing. Maintaining water availability for wet-
lands and exploring opportunities to create
additional habitat in both agricultural areas
and wetlands should be high priorities.
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