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Few empirical studies have quantified relationships between changing weather and
migratory songbirds, but such studies are vital in a time of rapid climate change.
Climate change has critical consequences for avian breeding ecology, geographic
ranges, and migration phenology. Changing precipitation and temperature patterns
affect habitat, food resources, and other aspects of birds’ life history strategies.
Such changes may disproportionately affect species confined to rare or declining
ecosystems, such as temperate grasslands, which are among the most altered and
endangered ecosystems globally. We examined the influence of changing weather
on the dickcissel (Spiza americana), a migratory songbird of conservation concern
that is an obligate grassland specialist. Our study area in the North American Great
Plains features high historic weather variability, where climate change is now driving
higher precipitation and temperatures as well as higher frequencies of extreme weather
events including flooding and droughts. Dickcissels share their breeding grounds with
brown-headed cowbirds (Molothrus ater), brood parasites that lay their eggs in the
nests of other songbirds, reducing dickcissel productivity. We used 9 years of capture-
recapture data collected over an 18-year period to test the hypothesis that increasing
precipitation on dickcissels’ riparian breeding grounds is associated with abundance
declines and increasing vulnerability to cowbird parasitism. Dickcissels declined with
increasing June precipitation, whereas cowbirds, by contrast, increased. Dickcissel
productivity appeared to be extremely low, with a 3:1 ratio of breeding male to
female dickcissels likely undermining reproductive success. Our findings suggest that
increasing precipitation predicted by climate change models in this region may drive
future declines of dickcissels and other songbirds. Drivers of these declines may include
habitat and food resource loss related to flooding and higher frequency precipitation
events as well as increased parasitism pressure by cowbirds. Positive correlations of
June-July precipitation, temperature, and time since grazing with dickcissel productivity
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did not mitigate dickcissels’ declining trend in this ecosystem. These findings highlight
the importance of empirical research on the effects of increasing precipitation and
brood parasitism vulnerability on migratory songbird conservation to inform adaptive
management under climate change.

Keywords: climate change, weather, grassland breeding birds, Monitoring Avian Productivity and Survivorship
(MAPS), grazing, haying, dickcissel (Spiza americana), brown-headed cowbird (Molothrus ater)

INTRODUCTION

Global climate change is influencing birds’ breeding ecology,
geographic ranges, and migration phenology. Changing
precipitation and temperature patterns affect birds directly
as well as indirectly through their impacts on habitat, food
resources, and other factors critical to avian life history strategies
and population dynamics (Moss et al., 2001; Cotton, 2003;
Niemuth et al., 2008; Knudsen et al., 2011; McDonald et al.,
2012; López-Calderón et al., 2019). For example, precipitation
declines on the breeding grounds of yellow-headed blackbirds
(Xanthocephalus xanthocephalus) have been correlated with
density declines and reproductive failure (Fletcher and Koford,
2004). For burrowing owls (Athene cunicularia), precipitation
declines and higher temperatures on the breeding grounds were
associated with delayed arrival dates and lower abundance and
productivity, resulting in population collapse (Cruz-McDonnell
and Wolf, 2016). For whooping cranes (Grus americana),
precipitation declines and higher temperatures on the breeding
grounds are predicted to drive declines in juvenile recruitment
by increasing their vulnerability to mammalian nest predators,
driving population-wide declines (Butler et al., 2017). In addition
to the influence of changing precipitation and temperature on
the breeding grounds, climatic conditions on birds’ migration
routes and wintering grounds may also influence bird population
dynamics, including through carry-over effects that exert
influence in multiple seasons (Marra et al., 1998; Finch et al.,
2014; O’Connor et al., 2014; Akresh et al., 2019). Climate change
effects may vary considerably within and across geographic
regions (e.g., USGCRP, 2018), carrying the potential to affect
local bird populations differently across geographic gradients
(e.g., Jensen and Cully, 2005).

Climate change may disproportionately affect species
restricted to rare or declining ecosystems, such as temperate
grasslands, which are among the most endangered and least
protected ecosystems worldwide (White et al., 2000; Blancher,
2003). In North America, >80% of temperate grasslands have
been converted to agriculture and other human uses (With et al.,
2008), driving bird declines (Pietz and Granfors, 2000; Brennan
and Kuvlesky, 2005; Stanton et al., 2018). North American
grassland birds have declined >50% in abundance in the past
50 years (Askins et al., 2007; Sauer et al., 2012; Rosenberg et al.,
2019), warranting urgent conservation attention. Few empirical
studies have examined impacts of weather on grassland bird
populations (Amburgey et al., 2018; Kleinhesselink and Adler,
2018; Scridel et al., 2018). However, some research to date has
identified positive correlations between precipitation levels
and grassland bird abundance, productivity, and recruitment

(e.g., Patterson and Best, 1996; Rahmig et al., 2009). For example,
winter grassland songbird density in desert grasslands in Mexico
has been positively correlated with precipitation the preceding
year, which in turn was associated with higher grass productivity
(Macías-Duarte et al., 2009). In riparian grasslands, however,
while increased precipitation may be associated with increased
habitat quality in uplands, it may also be correlated with local
flooding and lower bird abundance (Kim et al., 2008; Glass et al.,
2020), lower arthropod food availability (Siikamäki, 1996; Plum,
2005; Sienkiewicz and Żmihorski, 2012), and lower productivity
(Skagen and Yackel Adams, 2012; Jarzyna et al., 2016).

Far removed from the ocean’s moderating effects on weather,
the North American Great Plains are prone to dramatic
climate variability (Skagen and Yackel Adams, 2012; Conant
et al., 2018; USGCRP, 2018), making this an ideal region in
which to explore the effects of weather on grassland birds.
The “climate bottleneck hypothesis” predicts that precipitation
extremes should not influence grassland breeding bird abundance
as long as grasslands retain sufficient structural complexity
because obligate grassland birds have evolved to tolerate extreme
weather events (Wiens, 1974; Zimmerman, 1992). A 10-year
study found support for this hypothesis, showing that obligate
grassland bird abundance did not change in response to
precipitation levels during a period when extreme weather
events such as floods or droughts occurred approximately
once every 4 years (Zimmerman, 1992). In riparian grasslands,
however, which are drought-resistant but flood-prone, studies
have found higher levels of precipitation correlated with lower
local abundances of grassland birds (Kim et al., 2008; Glass
et al., 2020). Climate change is introducing unprecedented
variability in extreme weather events in the eastern Great
Plains, with expected increases in the number of days with
heavy (>2.5 cm) precipitation and an increasing number (15–
40) of very hot (>32◦C) days (USGCRP, 2018). Examining
how precipitation and temperature influence grassland breeding
bird populations in this region is crucial for advancing our
understanding of their ecology and informing conservation
efforts under future climate change.

Obligate grassland specialists, dickcissels (Spiza americana)
are sensitive to temperature and moisture changes throughout
the annual cycle, making them excellent indicators of weather and
climate change effects on grassland bird populations (DeSante
et al., 2015; Culp et al., 2017). Neotropical migratory birds,
dickcissels’ core nesting grounds are in the North American
Great Plains and their core wintering grounds are in Venezuela
(Sauer et al., 2005; Temple, 2020). Dickcissels underwent severe
declines in the mid-20th century and have not recovered their
previous numbers (Temple, 2020). Recent (1992–2006) data
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from both the North American Breeding Bird Survey (BBS) and
the Monitoring Avian Productivity and Survivorship (MAPS)
program showed dickcissel populations as stable, albeit with a
non-significant declining trend (DeSante et al., 2015). However,
dickcissels remain highly vulnerable to extinction due to habitat
loss and other anthropogenic impacts that have already reduced
and fragmented their populations (Culp et al., 2017). Dickcissel
nest success tends to be low, with past studies reporting that
29–44% of nesting females produced only ∼1 fledgling/season
(Zimmerman, 1982; Basili et al., 1997). Females take sole
responsibility for nest building, incubation, and caring for
young (Temple, 2020). Research priorities for dickcissels include
investigating potential drivers of their low productivity and low
adult survivorship (DeSante et al., 2015). Breeding females build
bulky cup nests in dense, tall grasslands with scattered forbs;
females typically place nests low (22–46 cm aboveground) in
dense vegetation with overhead cover, but occasionally may build
nests up to 4 m high in trees (Temple, 2020). Common grassland
management strategies such as grazing, haying (mowing), and
controlled burning prevent woody encroachment in the long
term, but in the short term they simplify grassland structure,
which may reduce dickcissels’ habitat quality and ability to adjust
to fluctuating climatic conditions (Zimmerman, 1992; Travis,
2003; Jarzyna et al., 2016). Since dickcissel nests are often attached
loosely to supporting vegetation (Long et al., 1965; Gross,
1968), they are vulnerable to being knocked down during heavy
precipitation events, which can cause loss of eggs and nestlings
and reduce dickcissel breeding success (Zimmerman, 1966).

Obligate brood parasites, brown-headed cowbirds (Molothrus
ater) lay their eggs in the nests of >220 avian host species rather
than building their own nests (Lowther, 2020). In transferring the
costs of raising their young to their hosts, cowbirds are entirely
dependent on their hosts for their reproductive success (Smith
et al., 2000; Croston and Hauber, 2010). Cowbirds remove eggs
from nests they parasitize, reducing their hosts’ nesting success,
and are known to intensely parasitize dickcissels (Jensen and
Cully, 2005; Temple, 2020). Studies have estimated that cowbird
parasitism affects 48–90% of dickcissel nests (Basili et al., 1997;
Temple, 2020) and significantly reduces dickcissel productivity
(Zimmerman, 1983; Jensen and Cully, 2005). Before European
settlement of the Great Plains, cowbirds followed migratory herds
of American bison (Bison bison), and their impacts on their
hosts during the breeding season were limited by their ephemeral
presence at any given location. The extirpation of migratory bison
and subsequent practice of confining sedentary livestock into
fenced areas has transformed these patterns such that cowbirds
now tend to concentrate in high densities where they remain
throughout the breeding season. Their rates of parasitism on
their hosts are correlated with their densities (Jensen and Cully,
2005). Birds with remarkable memories (Guigueno et al., 2014),
female cowbirds may learn the whereabouts of most or all
nests in their vicinity and parasitize them repeatedly. Previous
research has suggested that cowbird parasitism may increase as
dickcissel breeding densities decline, because the remaining hosts
bear increasing pressure from the relatively higher proportion
of cowbirds and their eggs (Zimmerman, 1982). The resulting
pattern of inverse density dependence may further reduce

dickcissel nest success and productivity (Temple, 2020). Few
empirical studies to date have addressed whether or how weather
influences cowbirds’ interactions with their hosts (Colón et al.,
2017; Buxton et al., 2018). Improving conservation strategies for
dickcissels will include an increased understanding of the effects
of weather and climate change on cowbird populations (DeSante
et al., 2015). Dickcissels’ particular vulnerability to cowbird
parasitism also makes their populations valuable indicators of
relationships with cowbirds and weather.

We took advantage of a rare opportunity to use 9 years
of capture-recapture data collected systematically over an 18-
year period to investigate whether dickcissel and cowbird
abundance and productivity changed in relation to changes in
weather in the eastern Great Plains. We quantified changes in
dickcissel abundance and productivity in response to changes in
precipitation and temperature as well as grassland management
including grazing by cattle (Bos taurus) and bison, haying,
and burning. We expected moderate levels of precipitation to
benefit birds in this riparian ecosystem by increasing primary
productivity and grassland structural complexity. However, we
expected increasing precipitation to be associated with an
increased number of heavy precipitation days and flooding
that would in turn negatively affect dickcissels’ abundance and
productivity, including by reducing habitat and food resource
availability. Cowbirds, on the other hand, are not known to
decline in response to higher precipitation and therefore may be
resilient to the negative effects it has on dickcissels and other
grassland songbirds. Thus, we hypothesized that increases in
precipitation would drive dickcissel declines and increase their
vulnerability to cowbird parasitism.

MATERIALS AND METHODS

Study Area
We sampled birds at 17 sites in a 2430 ha private conservation
area comprised of riparian upland prairies and wet meadows
in Nebraska’s Platte River Valley (Figure 1), where much
of the surrounding land has been converted to industrial-
scale agriculture, especially corn (Zea mays). In 1978, this
fragment of the critically endangered North American Central
and Southern Mixed Grasslands ecoregion was designated as
protected habitat for the conservation of whooping cranes,
sandhill cranes (Antigone canadensis), and other migratory birds.
These grasslands comprise disturbance-dependent ecosystems
(e.g., Glass et al., 2020). Ephemeral disturbances such as bison
grazing, seasonal flooding, and wildfires historically structured
this region, controlling woody encroachment and maintaining
early successional vegetation (Williams, 1978; Anderson, 2006).
The Crane Trust, a non-profit organization, now maintains these
grasslands through managed disturbances including grazing,
haying, and burning, which control woody encroachment. Cattle,
brought in seasonally, were the sole grazers until 2015, when a
semi-domesticated bison herd was introduced year-round to part
of our study area (King et al., 2019). Cattle and bison grazing
often overlap with the songbird breeding season, while haying
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FIGURE 1 | Map of study area in North American Great Plains indicating bird sampling sites.

and burning typically take place during the non-breeding season,
in the fall and spring, respectively.

Bird Sampling
We used protocols standardized by the MAPS program (DeSante
and Kaschube, 2009; DeSante et al., 2017) to sample birds using
constant-effort mist-netting at ∼20 ha stations (hereafter, sites)
during the breeding season within the 80-day period from late
May to early August. Between 2002 and 2007, we sampled birds
at 17 sites, of which 3 were sampled for 6 consecutive years and
14 were sampled for periods ranging between 1 and 5 years.
From 2017 to 2019, we replicated bird sampling at 4 sites used in
2002–2007 with different management histories for 3 consecutive
years. Standardized in 1992, the MAPS program includes more

than 1000 bird banding (ringing) stations (DeSante et al., 2015)
that provide capture-recapture data from mist net sampling to
assess avian population parameters and vital rates (DeSante et al.,
2015; Foster et al., 2016; Saracco et al., 2016, 2019; Ahrestani
et al., 2017; Glass et al., 2020). We identified captured birds to
species and fitted them with a uniquely numbered aluminum
band (ring) issued by the USGS Bird Banding Laboratory. We
recorded demographic information and biometric measurements
and then released birds at the site of capture (Pyle, 1997). We
deployed 10–12 mist nets (12× 3 m, 30 mm mesh) within a∼8 ha
area at each site (DeSante et al., 2017); we used 12 mist nets during
the 2002–2007 data collection period and 10 mist nets during the
2017–2019 data collection period. Each sampling event consisted
of a capture period of 6 h following sunrise (∼0600) and operated
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approximately once every 10 days. Effort was consistent for
each sampling event, except when nets were occasionally closed
during periods of high winds, heavy precipitation, or lightning
storms, in which case we compensated by adding equal effort to a
subsequent sampling occasion.

Capture-recapture sampling is a powerful tool for estimating
animal abundance, and novel approaches to capture-recapture
analyses are increasingly used to estimate abundance of open-
population sizes from mark-recapture data on animals (Williams
et al., 2002; Manly et al., 2003; Amstrup et al., 2005; Thomson
et al., 2009; Gopalaswamy et al., 2012), expanding earlier uses of
capture-recapture analyses that historically focused on estimating
survival (Williams et al., 2002; Barker et al., 2004). Habitat types,
seasons, and species’ behavior and life histories may influence
mist net capture rates (Remsen and Good, 1996; DeSante et al.,
2015; Martin et al., 2017). Bearing in mind these caveats,
appropriate use of mist net capture-recapture data allows us
to standardize quantitative data on bird populations, including
information on birds’ sex, age, and biometrics, enabling the
analysis of demographic parameters to generate insight into
ecological processes.

We used MAPS protocols to collect data on songbirds during
their breeding season. During this time, both male and female
dickcissels make frequent, short flights (Temple, 2020) that
facilitate their capture using mist nets (Remsen and Good, 1996).
DeSante et al. (2015) analyzed dickcissel demographric data
collected through the MAPS program between 1992 and 2006,
a period that overlaps with our study period, providing a useful
point of reference. Here, we follow DeSante et al. (2015) in
quantifying avian productivity through our captures of post-
fledging juvenile (hatch-year) birds. Productivity is influenced by
the proportion of breeding adults, clutch size, nest survival, and
nestling and juvenile survival after independence (DeSante et al.,
2015) as well as cowbird parasitism (Temple, 2020). Previous
research has indicated that dickcissel juveniles can disperse at
least 600 m from nests within 10 days after fledging (Gross, 1921;
Temple, 2020). We captured dickcissel juveniles still dependent
on their mothers (i.e., adult females and juveniles were captured
together) as well as dispersing juveniles that were independent.

Weather and Climate Parameters
We obtained weather data from the National Oceanic and
Atmospheric Administration (NOAA, 2019) online database for
South-Central Nebraska (station KGRI, 40.968◦N, −98.340◦W,
Central Nebraska Regional Airport in Grand Island, Nebraska;
approximately 21 km northeast of our research site). We created
eight variables (Table 1) representing total precipitation (mm)
and average temperature (◦C) over different temporal scales. We
used total precipitation, as provided in NOAA’s database, as a
measurement standard for modeling, as it accurately represents
differences in monthly precipitation levels. We calculated total
precipitation and average temperature for the main migratory
songbird breeding season (June-July) of the current year, when
precipitation and temperature directly affect breeding birds
and their productivity. We also calculated total precipitation
and average temperature for the previous non-breeding season
(August-May), when precipitation and average temperature

TABLE 1 | Weather parameters.

Variable Type Definition

August-May
precipitation

Continuous Total precipitation (mm) in the
non-breeding season (August-May) of
the preceding year

August-May
temperature

Continuous Average temperature (◦C) in the
non-breeding season (August-May) of
the preceding year

June-July
precipitation

Continuous Total precipitation (mm) in the breeding
season (June-July) of the current year

June-July
temperature

Continuous Average temperature (◦C) in the
breeding season (June-July) of the
current year

June precipitation Continuous Total precipitation (mm) in June

June temperature Continuous Average temperature (◦C) in June

July precipitation Continuous Total precipitation (mm) in July

July temperature Continuous Average temperature (◦C) in July

TABLE 2 | Land management, habitat, and cowbird parameters.

Variable Type Definition

Native v restored
habitat

Categorical Remnant: grasslands that were never
tilled for agriculture; restored:
grasslands replanted after being
previously used for agriculture

Historic flooding
frequency

Categorical No flooding (0), very rare flooding (1),
rare flooding (2), occasional flooding (3),
frequent flooding (4), very frequent
flooding (5)

Months since grazing Continuous Months since the site was last grazed

Grazing intensity Continuous Grazing effort (AUM/ha) of the site at
the time the sample was taken

Grazing history Continuous Average AUM/ha of the site for the past
5 years at the time the sample was
taken

Months since haying Continuous Months since the site was last hayed

Months since burning Continuous Months since the site was last burned

Adult cowbirds Continuous Total number of adult cowbirds
captured by site and year

Hatch-year cowbirds Continuous Total number of hatch-year cowbirds
captured by site and year

Female cowbirds Continuous Total number of female cowbirds
captured by site and year

indirectly affect breeding birds and productivity through their
effects on habitat, plant phenology, food resources, predators, and
other factors. We also examined temperature and precipitation
variables for June and July separately to determine whether
conditions during either month of the breeding season affected
dickcissels differently.

Land Management and Habitat
Parameters
We created seven habitat and land management parameters
(Table 2). Three variables represent time (months) since
managed disturbances (grazing, haying, and burning) at
sampling sites. We set the maximum time since disturbance
value for grazed, hayed, and burned pastures at 180 months
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(15 years) because management actions that occurred earlier
were unlikely to have a predictable effect on habitat structure
(Collins, 2000). In addition, we created two management
parameters (grazing intensity and grazing history) representing
livestock (cattle or bison) stocking rate for grazed pastures in
animal unit months per hectare (AUM/ha), where one AUM
equals the forage requirement for one adult and calf pair
for a 1-month period (Hamilton, 2007; Johnson et al., 2011).
Grazing intensity is represented by AUM/ha at each study site
at the time of data collection; a value of 0 represents sites
that had no grazing during MAPS data sampling. Grazing
history is represented by the average AUM/ha at each site for
the current year plus the 4 years preceding data collection
(Glass et al., 2020). In addition, we created a categorical
variable to distinguish native remnant grasslands with no
major disturbance history from restored grasslands on land
previously used for row agriculture or planted with exotic grasses.
We created another categorical variable representing historic
flooding frequency by averaging flooding frequency of soil (none,
very rare, rare, occasional, frequent, very frequent) within the
sampling footprint as indicated by USDA soil maps. When
this footprint included over three soil types, we averaged the
top three values.

Statistical Analyses
We conducted all statistical analyses using R Studio version
3.6.2 (R Core Team, 2019). We used dickcissel capture data
across all 17 sites, removing recaptures of individuals that
occurred at the same site during the same year to avoid double-
counting. In addition to quantifying dickcissel numbers, we
used the same methods to quantify adult, juvenile, and female
cowbirds in all sites and all years sampled. We corrected for
effort by dividing the number of captures by the cumulative
mist net-meter-hours for the given year. We divided the
banding season into two halves for data analysis, in which the
first half comprised adults arriving and establishing breeding
territories and nests, and the second half comprised both
adults and juvenile birds that had fledged from successful
nests (Glass et al., 2020). The first half of the banding
season included MAPS periods 3–6 (May 21-June 29), and the
second half included MAPS periods 7–10 (June 30-August 8)
(DeSante et al., 2017).

Pastures were often grazed for the first or second half of the
summer, such that in some cases values for variables such as time
(months) since grazing and current stocking rate changed for a
given pasture within a banding season. We tested for correlations
between climate and management parameters with a Spearman’s
correlation test to account for the non-normal distribution of
parameters, using the package psych (Revelle, 2018). We used
the uncorrelated variables (r < |0.7|; Table 3) to perform two
independent generalized linear mixed models (GLMMS), one for
adult and another for juvenile dickcissels. We log-transformed
all of the continuous parameters prior to analysis for better
convergence. After analyzing different possible combinations
including linear, quadratic, and interaction terms, we used
Akaike’s Information Criterion (AIC) to select the models that
best fit the data (Table 4). For analysis of adults, we used a TA
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TABLE 4 | AIC table for all models.

Model type Model name Description Function Formula Family AIC 1AIC

Dickcissel adult
model

m Generalized linear
mixed model fit by
maximum likelihood
(Laplace
Approximation)
[glmerMod]

glmer abundance ∼ period + mesic + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.aug.may +
precip.june.july + avg.temp.june.july +
precip.june + burn.months * graze.months +
(1|site), family = poisson, data = datsc

Poisson 9726.3 8304.7

Dickcissel adult
model

m1 Model corrected for
zero-inflation

glmmTMB abundance ∼ period + mesic + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.aug.may +
precip.june.july + avg.temp.june.july +
precip.june + burn.months * graze.months +
(1|site), ziformula = ∼1, family = poisson,
data = datsc

Poisson 4913.2 3491.6

Dickcissel adult
model

m2 Negative binomial
model corrected for
zero-inflation

glmmTMB abundance ∼ mesic + period + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.june.july +
precip.june + (1|site), ziformula = ∼1,
family = nbinom2, data = datsc

Negative binomial 1419.5 2.1

Dickcissel adult
model

m3 Negative binomial
model corrected for
zero-inflation with
two quadratic
effects

glmmTMB abundance ∼ mesic + period + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.june.july +
I(avg.temp.june.july∧2) + I(precip.june∧2) +
precip.june + (1|site), ziformula = ∼1,
family = nbinom2, data = datsc

Negative binomial 1421.6 0

Dickcissel
hatch-year
model

m Binomial model
with only linear
effects

glmmTMB HY ∼ graze.months + land.use +
avg.temp.june.july + precip.june.july + (1|site),
dispformula = ∼0, family = binomial,
data = datsc

Binomial 230.7

Cowbird adult
model

m Generalized linear
mixed model fit by
maximum likelihood
(Laplace
Approximation)
[glmerMod]

glmer abundance ∼ period + mesic + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.aug.may +
precip.june.july + avg.temp.june.july +
precip.june + burn.months * graze.months +
(1|site), family = poisson, data = dsc

Poisson 5069.1 3943.7

Cowbird adult
model

m1 Model corrected for
zero-inflation

glmmTMB abundance ∼ period + mesic + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.aug.may +
precip.june.july + avg.temp.june.july +
precip.june + burn.months * graze.months +
(1|site), ziformula = ∼1, family = poisson,
data = dsc

Poisson 2573.8 1448.4

Cowbird adult
model

m2 Negative binomial
model corrected for
zero-inflation

glmmTMB abundance ∼ mesic + period + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.june.july +
precip.june + (1|site), ziformula = ∼1,
family = nbinom2, data = datsc

Negative binomial 1136.7 11.3

Cowbird adult
model

m3 Negative binomial
model corrected for
zero-inflation with
two quadratic
effects

glmmTMB abundance ∼ mesic + period + land.use +
graze.months + hay.months + burn.months +
precip.aug.may + avg.temp.june.july +
I(avg.temp.june.july∧2) + I(precip.june∧2) +
precip.june + (1|site), ziformula = ∼1,
family = nbinom2, data = datsc

Negative binomial 1125.4 0

Cowbird
juvenile model

m Binomial model
with only linear
effects

glmmTMB HY ∼ graze.months + land.use +
avg.temp.june.july + precip.june.july + (1|site),
dispformula = ∼0, family = binomial,
data = datsc

Binomial 414.5

“*” Represents an interaction between two variables.

negative binomial distribution to account for overdispersion of
the data using the package glmmTMB (Brooks et al., 2017).
The final model includes both linear and quadratic terms for

temperature and precipitation as fixed factors, and site as a
random factor to account for non-independent observations
within each site. We also used the package glmmTMB to run
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models for juvenile dickcissels after we converted these data into
a binomial response with a binomial distribution.

We modeled annual variation in captured dickcissels and
cowbirds using GLMMs. For each species, we developed two
models. The first model included the number of adults captured,
an index of adult abundance (hereafter, abundance) as a response
variable. The second model included whether a captured bird was
a hatch-year bird (hereafter, productivity) as a response variable
(DeSante et al., 2015; Foster et al., 2016; Glass et al., 2020).
We created a binomial index to quantify productivity, assigning
juvenile birds a value of 1 and adults a value of 0. Lastly, we ran a
GLMM with adult cowbird abundance as a response variable and
a GLMM with cowbird productivity as a response variable, using
the same methods described above for dickcissel abundance and
productivity, respectively.

We also ran a principal component analysis (PCA) to create
a set of uncorrelated climate and management parameters.
From the 10 original variables introduced by the PCA, we
selected the first three principal components, which together
explained 64.5% of the total variation. We performed the same
analyses as above with the principal components and the three
categorical variables with site as a random factor to check
for consistency in our results. As our results were consistent
with both approaches, we modeled the uncorrelated variables
independently to allow us to interpret each variable using non-
linear effects not shown by the PCA.

RESULTS

Between 2002 and 2019, we captured a total of 737 dickcissels
(Tables 5, 6), excluding recaptures from the same year and site.

The number of adult dickcissels captured and banded per year
ranged from 12 from four active sites in 2018 to 186 from 12
active sites in 2006 (mean = 78.3 ± 18.3 SE). Of adult dickcissels
captured, 76% (n = 528) were male and 24% (n = 165) were female
(the sex of 12 adult dickcissels was not recorded). We recaptured
50 adult dickcissels. Of same-year recaptures, 93% were at the
same site as their initial capture and the remainder at adjacent
sites within <10 km. Of subsequent-year recaptures, 70% were
at the same site as their initial capture and the remainder at sites
within <10 km. Juveniles (hatch-year birds) made up 4% of total
dickcissel captures, which was the equivalent of one juvenile for
every five adult female dickcissels. Juvenile numbers per year
ranged from 0 in 2002, 2004, 2005, and 2019 to 17 in 2007
(mean = 3.6± 2.0 SE). We captured half of all dickcissel juveniles
at a single site (MOFE) and over half in a single year (2007;
Table 6).

We found a weak positive correlation between numbers
of dickcissels and cowbirds, for both abundance (Spearman’s
rank correlation test: rho = 0.237, p = 0.004) and productivity
(rho = 0.294, p = 0.0002). Between 2002 and 2019, we captured a
total of 442 adult cowbirds (Table 7), excluding recaptures from
the same year and site. The number of adult cowbirds captured
and banded per year ranged from 0 in 2002 to 132 in 2005
(mean = 49.1 ± 17.0 SE). Of adult cowbirds we banded, 49%
(n = 206) were female and 51% (n = 199) were male (the sex
of 37 cowbirds was not recorded). Juveniles represented 14% of
our total cowbird captures (Table 8), which was the equivalent
of one juvenile for every three adult female cowbirds. For both
species, we made more captures of adult birds during the first
half of the breeding season, when new arrivals were establishing
territories and breeding (dickcissels: Z = 5.09, p = 3.54e-07;
cowbirds: Z = 7.93, p = 2.21e-15; Table 9). This pattern in part

TABLE 5 | Adult dickcissel captures by site and year.

Site 2002 2003 2004 2005 2006 2007 2017 2018 2019 Total

CRME – 9 8 – – – 6 4 4 31

FETW – – – 11 8 9 – – – 28

FONE – 19 18 16 37 22 – – – 112

MOFE 44 23 20 2 13 35 0 4 4 145

MOFF 10 – 7 2 8 3 – – – 30

MOFL – 8 – – – – – – – 8

MOFN 10 – 3 4 14 0 – – – 31

MOFR – 9 – 8 18 6 – – – 41

MOFS 2 – – – – – – – – 2

MOFT 9 14 1 19 22 2 – – – 67

MOFV 10 – – 3 4 – – – – 17

MOPT – – – 7 33 11 – – – 51

NOME – 6 13 0 3 0 16 1 8 47

OFPA – 1 2 – – 10 – – – 13

WRBS 18 10 1 – 9 – – – – 38

WRMP – – – 7 – – – – – 7

WRPM 4 4 0 2 17 0 4 3 3 37

Total 107 103 73 81 186 98 26 12 19 705

Numbers represent abundance values used in dickcissel analyses. All birds are included except those recaptured in the same site during the same year. Dashes represent
years in which a site was operated.
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TABLE 6 | Hatch-year dickcissel captures by site and year.

Site 2002 2003 2004 2005 2006 2007 2017 2018 2019 Total

CRME – 0 0 – – – 0 0 0 0

FETW – – – 0 0 0 – – – 0

FONE – 0 0 0 4 5 – – – 9

MOFE 0 0 0 0 2 12 1 1 0 16

MOFF 0 – 0 0 0 0 – – – 0

MOFL – 0 – – – – – – – 0

MOFN 0 – 0 0 0 0 – – – 0

MOFR – 0 – 0 0 0 – – – 0

MOFS 0 – – – – – – – – 0

MOFT 0 0 0 0 1 0 – – – 1

MOFV 0 – – 0 0 – – – – 0

MOPT – – – 0 4 0 – – – 4

NOME – 0 0 0 0 0 0 1 0 1

OFPA – 0 0 – – 0 – – – 0

WRBS 0 1 0 – 0 – – – – 1

WRMP – – – 0 – – – – – 0

WRPM 0 0 0 0 0 0 0 0 0 0

Total 0 1 0 0 11 17 1 2 0 32

Numbers represent number of hatch-year dickcissels used in productivity analyses. All birds are included except those recaptured in the same site during the same year.
Dashes represent years in which a site was not operated.

TABLE 7 | Adult cowbird captures by site and year.

Site 2002 2003 2004 2005 2006 2007 2017 2018 2019 Total

CRME – 0 3 – – – 1 1 0 5

FETW – – – 15 7 6 – – – 28

FONE – 4 8 9 5 12 – – – 38

MOFE 0 9 7 2 2 26 11 3 0 60

MOFF 0 – 7 12 6 19 – – – 44

MOFL – 1 – – – – – – – 1

MOFN 0 – 6 8 8 3 – – – 25

MOFR – 1 – 17 13 8 – – – 39

MOFS 0 – – – – – – – – 0

MOFT 0 7 8 21 9 15 – – – 60

MOFV 0 – – 5 3 – – – – 8

MOPT – – – 8 5 9 – – – 22

NOME – 1 8 13 2 7 0 4 1 36

OFPA – 3 7 – – 9 – – – 19

WRBS 0 2 2 – 8 – – – – 12

WRMP – – – 11 – – – – – 11

WRPM 0 0 6 11 9 5 3 0 0 34

Total 0 28 62 132 77 119 15 8 1 442

Numbers represent abundance values used in brown-headed cowbird analyses. All birds are included except those recaptured in the same site during the same year.
Dashes represent years in which a site was not operated.

reflects trap-shyness of birds that avoided nets after being trapped
and banded although they remained on site (Simons et al., 2015).

Dickcissel Responses to Weather, Land
Management, and Habitat Parameters
Dickcissel abundance was negatively correlated with June
precipitation (Z = 2.01, p = 0.04; Table 9 and Figure 2).
Of the parameters we tested, June precipitation was the only
significant predictor of dickcissel abundance, although we found

near-significant positive correlations with both time since grazing
(graze months: p = 0.061) and time since haying (hay months:
p = 0.054), indicating that dickcissel abundance may increase with
increasing time since grazing and haying for at least 15 years
(>180 months) in this ecosystem. Dickcissel productivity was
positively correlated with June-July precipitation (Z = 4.156,
p = 3.23e-05), June-July temperature (Z = 2.622, p = 0.009),
and months since grazing (Z = 2.236, p = 0.03; Table 10
and Figure 3).
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TABLE 8 | Juvenile cowbird captures by site and year.

Site 2002 2003 2004 2005 2006 2007 2017 2018 2019 Total

CRME – 0 0 – – – 0 0 0 0

FETW – – – 2 0 4 – – – 6

FONE – 0 0 2 1 5 – – – 8

MOFE 0 0 1 0 0 9 2 1 0 13

MOFF 0 – 0 3 1 7 – – – 11

MOFL – 0 – – – – – – – 0

MOFN 0 – 1 2 0 0 – – – 3

MOFR – 0 – 1 3 4 – – – 8

MOFS 0 – – – – – – – – 0

MOFT 0 1 1 3 2 4 – – – 11

MOFV 0 – – 0 2 – – – – 2

MOPT – – – 2 1 2 – – – 5

NOME – 0 0 0 0 0 0 0 1 1

OFPA – 0 1 – – 0 – – – 1

WRBS 0 0 0 – 0 – – – – 0

WRMP – – – 0 – – – – – 0

WRPM 0 1 0 0 0 1 0 0 0 2

Total 0 2 4 15 10 36 2 1 1 71

Numbers represent number of hatch-year brown-headed cowbirds used in productivity analyses. All birds are included except those recaptured in the same site during
the same year. Dashes represent years in which a site was not operated.

TABLE 9 | Adult bird model results.

Species Variable Estimate Standard Error Z Value p value1

Dickcissel Intercept 4.294 0.204 21.008 <0.001***

Early v late summer 0.686 0.135 5.092 <0.001***

Native v restored habitat −0.291 0.264 −1.099 0.272

Historic flooding frequency −0.097 0.108 −0.898 0.369

June precipitation −0.291 0.145 −2.008 0.045*

June precipitation (quadratic) 0.133 0.170 0.781 0.435

August-May precipitation −0.096 0.109 −0.879 0.379

June-July temperature 0.031 0.120 0.254 0.799

June-July temperature (quadratic) −0.242 0.186 −1.305 0.192

Months since grazing −0.259 0.138 −1.872 0.061·

Months since haying −0.275 0.143 −1.931 0.054·

Months since burning −0.006 0.095 −0.064 0.949

Cowbird Intercept 3.212 0.225 14.267 <0.001***

Early v late summer 1.069 0.135 7.929 <0.001***

Native v restored habitat −0.338 0.159 −2.133 0.033*

Historic flooding frequency 0.030 0.060 0.503 0.615

June precipitation −0.443 0.131 −3.383 0.001***

June precipitation (quadratic) 0.654 0.164 3.987 <0.001***

August-May precipitation 0.301 0.147 2.047 0.041*

June-July temperature 0.392 0.259 1.509 0.131

June-July temperature (quadratic) −0.119 0.240 −0.496 0.620

Months since grazing 0.119 0.121 0.984 0.325

Months since haying 0.138 0.121 1.147 0.251

Months since burning −0.025 0.117 −0.212 0.832

Decimal values are rounded to the thousandths place value. 1Asterisks and periods represent significance levels (“***” 0.001, “*” 0.05, “·” 0.1).
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FIGURE 2 | Dickcissel abundance in response to June precipitation. Total June precipitation plotted against numbers of individual adult birds, within a 95%
confidence interval.

TABLE 10 | Juvenile index bird model results.

Species Variable Estimate Standard Error Z Value p value1

Dickcissel Intercept −3.690 0.494 −7.477 <0.001***

Native v restored habitat −21.020 9661.479 −0.002 0.998

June-July precipitation 1.551 0.373 4.156 <0.001***

June-July temperature 1.055 0.402 2.622 0.009**

Months since grazing 0.747 0.334 2.236 0.025*

Brown-headed cowbird Intercept −1.881 0.188 −9.986 <0.001***

June-July precipitation 0.384 0.136 2.833 0.005**

Decimal values are rounded to the thousandths place value. 1Asterisks and periods represent significance levels (“***” 0.001, “**” 0.01, “*” 0.05).

FIGURE 3 | Dickcissel productivity in response to grazing and summer precipitation and temperature. Plots depict (from left to right) months since grazing, mean
June-July temperature, and total June-July precipitation plotted against dickcissel productivity, or the probability of encountering a juvenile bird, within 95%
confidence intervals.
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FIGURE 4 | Cowbird abundance in response to precipitation during both the non-breeding season (August-May) and June. Total August-May precipitation (left) and
total June precipitation (right) plotted against numbers of individual adult birds, within 95% confidence intervals.

FIGURE 5 | Cowbird productivity in response to summer precipitation. Total June-July precipitation plotted against cowbird productivity, or the probability of
encountering a juvenile bird, within a 95% confidence interval.
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Cowbird Responses to Weather, Land
Management, and Habitat Parameters
Cowbird abundance exhibited a quadratic positive relationship
with June precipitation (Z = 3.99, p = 6.70e-05; Table 9
and Figure 4). In addition, cowbird abundance had a
positive relationship with non-breeding season (August-May)
precipitation (Z = 2.05, p = 0.04). We captured more cowbirds
in remnant prairie fragments compared to grasslands restored
after they were planted with invasive grasses or agricultural
crops (Z = −2.13, p = 0.03, Table 9). Cowbird productivity was
positively correlated with June-July precipitation (Z = 2.833,
p = 0.01; Table 10 and Figure 5).

DISCUSSION

Dickcissel Relationships With
Precipitation and Grassland
Management
Dickcissel abundance declined with increasing June
precipitation, corroborating previous research showing that
dickcissel and other breeding songbird densities in this area
decreased with increasing levels of moisture (Kim et al., 2008).
These findings contrast with previous research elsewhere in
the Great Plains testing the “climate bottleneck hypothesis”
that found that grassland breeding bird abundance did not
significantly change in response to changes in precipitation
(Wiens, 1973; Zimmerman, 1992), with the important caveat that
our study areas differed in their proximity to riparian corridors
and therefore flooding potential. Our findings also contrast
with a pattern of increasing bird abundance with increasing
precipitation for wetland bird species elsewhere in the Great
Plains (Mantyka-Pringle et al., 2019). Dickcissel abundance
decreased with increased precipitation during the breeding
season but not the non-breeding season (when they are away),
implying that negative effects of increased precipitation on
dickcissels stem from direct effects during the breeding season,
such as emigration due to heavy precipitation and related
extreme events including flooding and summer hailstorms. High
precipitation and extreme precipitation events may also cause
direct mortality of adults and nestlings as well as nest failures,
and changes in precipitation may influence exposure to predators
(e.g., Takagi, 2001; Mattsson and Cooper, 2009; Robinson et al.,
2017; Godwin et al., 2019).

Dickcissels showed high site fidelity, with 70–93% of
recaptures occurring at the same site as that of initial capture.
This is consistent with findings from other mark-recapture
studies demonstrating dickcissels’ fidelity to breeding sites in
successive years in their core breeding range (Zimmerman and
Finck, 1989; Temple, 2020). The male-biased sex ratio (3 males:
1 female) we found is consistent with male-biased sex ratios
detected in other studies of this species on both its breeding
and wintering grounds (ffrench, 1967; Fretwell and Calver,
1969; Fretwell, 1977; Basili and Temple, 1999). Fretwell (1977)
hypothesized that the conversion of natural grasslands to crops
has resulted in a novel winter food supply with larger (crop) seeds

rather than smaller (native grass) seeds that in turn favors higher
survival of larger (male) birds whose bills are better equipped
to crush the larger seeds. Previous research has suggested that
male-biased sex ratios may be more pronounced in dickcissel
populations in the northern portions of their breeding range,
such as in our study area, and have negative implications for
dickcissels’ breeding success, particularly given that dickcissels
evolved polygyny, in which males typically mate with multiple
females (Zimmerman, 1966; Fretwell, 1977; Temple, 2020).
Female densities were low in our study area, and low female
densities are associated with low productivity, underlining their
vulnerability to declines (Fretwell and Calver, 1969; Fretwell,
1977; Hixon and Johnson, 2009).

Dickcissel abundance showed near-significant positive
correlations with both time since grazing and time since haying,
increasing with time since disturbance for at least 180 months
(15 years), the maximum length of post-disturbance grassland
regeneration considered in this study. Dickcissels’ preference
for breeding sites with tall, dense grasses and scattered forbs,
and their positive responses to management that maintains
these conditions, are well-established (e.g., Dechant et al., 2002).
Dickcissels and other grassland birds consume some arthropods,
such as Hymenoptera, that may be more abundant in ungrazed
areas since cattle may disturb or trample them (Hoernemann
et al., 2001). Dickcissels also consume Orthopteran species
(Gross, 1921; Kobal, 1990), which some studies have shown
to decline as a result of grazing (Capinera and Sechrist, 1982;
Fielding and Brusven, 1995; but see Horn and Dowell, 1974;
Hoernemann et al., 2001). Other research has found negative
relationships between dickcissel abundance and recent grassland
disturbance (Winter, 1998). Multi-year periods between haying
events allow the development of dense vegetation including
grasses, forbs, and woody plants that provide food, shelter, and
nest sites (Temple, 2020). While hayed grasslands may provide
nesting habitat for dickcissels and other grassland nesting birds
when haying occurs after the breeding season, they create
ecological traps when haying occurs during the breeding season
because haying destroys nests, killing nestlings and reducing
habitat quality (Luscier and Thompson, 2009; Prestby and Anich,
2013). Haying also reduces food availability for dickcissels and
other insectivorous birds, as Orthopterans, ants, millipedes, and
other invertebrates are sensitive to the mechanical disturbance
associated with haying (Evans, 1988; Hoernemann et al., 2001;
Jonas et al., 2002; Humbert et al., 2009). Arthropod declines
resulting from haying may cause dickcissels and other birds
to leave for more suitable habitat (James and Neal, 1986; Zalik
and Strong, 2008). Dickcissels and other grassland obligate
species may benefit from access to grasslands featuring a mosaic
of successional times since disturbance (e.g., Hamilton, 2007;
Murray et al., 2016).

While land management is clearly important for dickcissel and
other grassland bird conservation (Dechant et al., 2002; Temple,
2020), our findings show that precipitation exerts a stronger
influence than management in this riparian ecosystem. Broader-
scale climate effects can also influence dickcissels’ settlement
decisions (Jensen and Cully, 2005), for example if dickcissels
concentrate in the southern part of their breeding range in wetter
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years and in the northern part of their range in drier years or
vice versa. Climate change may thus influence bird species on
a broader scale, as geographic shifts in climate envelope may
sometimes outweigh effects of local land management (Barbet-
Massin et al., 2012; Sohl, 2014; Mantyka-Pringle et al., 2019).
Other factors not captured in this study may also influence
breeding bird populations, such as carry-over effects, which
recent students have suggested are widespread and important
in many bird species (Harrison et al., 2011; O’Connor et al.,
2014) and can be sex- and age-specific (Saino et al., 2017; López-
Calderón et al., 2019). Wintering area precipitation, habitat, and
resources may thus influence arrival times and productivity of
migratory songbirds on their breeding grounds (e.g., Marra et al.,
1998; Robb et al., 2008; McKinnon et al., 2015; Akresh et al.,
2019; López-Calderón et al., 2019). For example, Eurasian blue
tits (Cyanistes caeruleus) with higher winter food availability laid
eggs earlier and exhibited higher chick fledging rates (Robb et al.,
2008). Previous research has suggested that winter mortality of
dickcissels may have driven their past population declines and/or
their male-biased sex ratios (Fretwell, 1973; Basili and Temple,
1999). Dickcissel breeding densities may also be negatively
correlated with adult survival, which tends to be substantially
lower than that of other songbird species comparable in size
(DeSante et al., 2015). Whether winter-driven mortality and/or
carry-over effects currently limit dickcissel populations is an
important question for future research (Temple, 2020).

Cowbird Relationships With Precipitation
and Dickcissels
While dickcissels declined during years with higher precipitation,
cowbird abundance increased. Because increasing precipitation
contributes to declining dickcissel abundance and increasing
cowbird abundance simultaneously, dickcissels may be exposed
to greater parasitism pressure from larger proportions of
cowbirds in the same breeding area. In addition, we captured
higher numbers of cowbirds in native remnant grasslands
compared to restored grasslands, while dickcissel numbers did
not appear to differ between remnant and restored grasslands.
This finding suggests that cowbird parasitism on dickcissels
and other hosts may be more frequent and intense in native
remnant grasslands, driving ecological traps if dickcissels
and other hosts are attracted to habitats that function as
population sinks (Hale and Swearer, 2016). Cowbird parasitism
intensity varies considerably at landscape scales (Jensen and
Cully, 2005). Previous research found that cowbird densities
mirrored dickcissel densities, either due to cowbirds tracking
dickcissels, similar habitat, and/or similar foraging preferences
(Kim et al., 2008). Several studies have suggested that cowbird
parasitism may contribute to inverse density dependence in
species including dickcissels (Zimmerman, 1966; Fretwell, 1977;
Temple, 2020) and can therefore accelerate declines of small and
fragmented host populations (Courchamp et al., 1999; Lowther,
2020), such as in our study area.

Dickcissels sustain high rates of cowbird parasitism through
much or all of their breeding range, both in terms of the number
of dickcissel nests affected and the number of cowbird eggs placed
in each nest. Multiple studies have shown that dickcissels are the

most parasitized grassland breeding bird species (Patterson and
Best, 1996; Rivers et al., 2010) and that dickcissel productivity
is reduced in parasitized nests (Fretwell, 1977; Jensen and Cully,
2005; Temple, 2020). Whereas only June precipitation influenced
dickcissel abundance, cowbird abundance increased with both
June and non-breeding season precipitation, suggesting that
cowbirds benefit indirectly from higher precipitation and its
relationship with greater plant growth and habitat complexity,
which in turn can provide for food birds in the form of seeds
and arthropods. When more frequent and heavy June rain may
flood dickcissel habitat in this riparian area and in extreme cases
(such as summer hail, which occurred multiple times during the
study period), knock down nests, causing dickcissels to emigrate,
cowbirds are not constrained by breeding territories or particular
nests in the same way. In addition to their relationships with
dickcissels, cowbird densities are locally related to other host
densities, including their fellow Icterids, red-winged blackbirds
(Agelaius phoeniceus) and bobolinks (Dolichonyx oryzivorus).
Thus, in years with higher precipitation they have the flexibility to
switch to these and other avian hosts that may be more tolerant
of high June precipitation than dickcissels. For both dickcissels
and cowbirds, precipitation was the only significant predictor
of abundance of the weather and management factors we
tested, highlighting the importance of precipitation in mediating
interactions between cowbirds, dickcissels, and other hosts on
their breeding grounds.

Dickcissel and Cowbird Productivity and
Implications for Population Trends
Dickcissel productivity was positively correlated with breeding
season precipitation, temperature, and time since grazing. Higher
precipitation may benefit dickcissel productivity and juvenile
survival by promoting greater grassland productivity (Rotenberry
and Wiens, 1991; Chase et al., 2005), structural complexity,
and food abundance (Rotenberry and Wiens, 1991; Skagen
and Yackel Adams, 2012). Like that of dickcissels, cowbird
productivity increased with increased June-July precipitation,
meaning that increasing numbers of cowbirds were raised by
hosts including dickcissels. In other riparian ecosystems, higher
avian productivity has also been found to be positively correlated
with precipitation, such as in Louisiana waterthrush (Parkesia
motacilla; Mattsson and Cooper, 2009) and Mississippi kites
(Ictinia mississippiensis; Welch-Acosta et al., 2019). By contrast,
in other ecosystems, higher precipitation resulted in higher
losses of nestlings to predators in bull-headed shrikes (Lanius
bucephalus) (Takagi, 2001) and lower productivity in peregrine
falcons (Falco peregrinus; Robinson et al., 2017) and tree swallows
(Tachycineta bicolor; Godwin et al., 2019).

Dickcissel productivity was also positively correlated with
breeding season temperature. The relatively high temperatures
(36–40.5◦C) at which optimal songbird egg development occurs
may help explain this (DuRant et al., 2013). This finding
contrasts with studies of other avian species in hotter climates
in which higher temperatures (33–39◦C, in contrast with July
temperatures of 20–31◦C in our study area) were associated with
lower productivity (e.g., van de Ven et al., 2020). In addition, the
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positive correlation we found between dickcissel productivity and
time since grazing may derive in part from greater predation risks
to juvenile dickcissels in recently disturbed fields due to lack of
vegetative cover (Bollinger et al., 1990; Suedkamp Wells et al.,
2007). Past research has found that predation may cause half of
dickcissel nest failures (Zimmerman, 1966; Fretwell, 1977). Nest
predators include snakes and ground squirrels (Spermophilus sp.;
Temple, 2020), both of which were present at our sites. Longer
periods of time since grazing may also favor productivity in that
grasslands with taller vegetation provide birds and their nests
and nestlings with shade and shelter that have a buffering effect
against higher, more variable temperatures (Dechant et al., 2002;
Geiger et al., 2009; Villegas et al., 2010; Jarzyna et al., 2016).

In dickcissel populations with male-biased sex ratios, such
as in our study system, low female densities may drive low
productivity (Fretwell, 1977). Although the extremely low ratio
of juvenile to adult dickcissels we found likely underestimates
dickcissels’ true productivity, DeSante et al. (2015) likewise
found extremely low dickcissel productivity, averaging 80–90%
lower than that of most other North American songbirds.
Although dickcissel breeding densities peak in their core breeding
range, male territoriality appears to limit them (Fretwell, 1977;
Temple, 2020). Studies elsewhere have suggested that dickcissel
productivity declines at lower densities, possibly due to higher
cowbird parasitism levels (Zimmerman, 1966; Fretwell, 1977;
Temple, 2020). However, here we found that although dickcissel
adult abundance declined with increasing precipitation, their
productivity increased. This finding corroborates other research
suggesting that dickcissel populations may be regulated through
density dependence (DeSante et al., 2015; Temple, 2020), for
example if reduced competition for resources among fewer
breeding adults may enable higher population growth due to
higher survival rates of their young (Hixon and Johnson, 2009).
As losses of adults are partially offset by higher numbers of
juveniles, this response may be mitigating a significant decline
of dickcissels in this area as precipitation has increased over
time. However, dickcissels’ low productivity overall may not be
sufficient to counteract the declining trend in their abundance,
as survival appears to be a stronger driver of population change
than productivity in dickcissels (DeSante et al., 2015). Moreover,
our findings suggest that cowbird abundance and parasitism rates
may increase in the future wetter conditions predicted by climate
change models for this region.

CONCLUSION AND FUTURE
DIRECTIONS

Our findings highlight dickcissels’ vulnerability to population
declines due to increasing precipitation associated with
climate change in this ecosystem, together with increasing
cowbird abundance and parasitism that may further reduce
dickcissel productivity. Precipitation has significantly increased
in frequency and volume in the northeastern Great Plains,
including our study area, in recent years (Wuebbles et al., 2014),
and levels of precipitation are predicted to continue increasing
in the coming decades (USGCRP, 2018). Our research reveals

significant changes in avian population parameters related
to changing weather and grassland management. Identifying
the mechanisms driving these patterns will require additional
research. How cowbird parasitism affects dickcissels and other
breeding birds in relation to climate change merits particular
attention (Lowther, 2020), given cowbirds’ potential to reduce
their hosts’ productivity and contribute to population declines,
especially in small and fragmented host populations common in
temperate grasslands. Adaptive management for conservation
(e.g., Dechant et al., 2002) that incorporates habitat heterogeneity
remains essential to conserve dickcissels and other grassland
specialists. In turn, targeted research to understand how
grassland birds are responding to climate change and predict the
consequences for their future populations is crucial to inform
adaptive management strategies that mitigate the ongoing
declines of grassland birds.

Understanding the interactions between cowbirds, dickcissels,
and other host species, and how shifting weather patterns mediate
these interactions, is an important consideration for grassland
management and bird conservation under climate change. Future
studies focused on dickcissels’ and other species’ responses to
climate and management factors will complement our findings
and elucidate whether their responses resemble or differ from
those we describe here (Reed et al., 2006; Ficetola and Maiorano,
2016; Bruckerhoff et al., 2020; Glass et al., 2020). While we
have focused here on local patterns of dickcissel population
change, regional weather patterns also have important influences
on migratory bird breeding population dynamics, and carry-
over effects may also play a role. Thus, we encourage future
studies of dickcissels and other migratory birds that track
individuals through telemetry and other technologies throughout
the annual cycle, as well as further inquiries into variation in
the sex ratios of breeding dickcissels and their relationships to
avian survival, productivity, and population dynamics. Finally,
grassland conversion to agriculture remains a foremost threat
to obligate grassland species, and protecting and managing
grasslands is therefore an utmost conservation priority on
dickcissels’ and other migratory birds’ breeding grounds as well
as their migratory stopover and wintering areas.
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