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Avian Conservation and Management

Shifts in breeding phenology for Cassin’s Sparrow (Peucaea cassinii) over
four decades

Cambios en la fenologia reproductiva de Peucaea cassinii a lo largo de cuatro décadas

John L. Schnase ™ , Mark L. Carroll’, Paul M. Montesano ' and Virginia A. Seamster?

ABSTRACT. Cassin’s Sparrow (Peucaea cassinii) is an elusive resident of the southwestern United States, southern Great Plains, and
northern Mexico. Despite long-standing interest, its breeding phenology is not well established. Using 40 years of eBird occurrence
records, we quantified Cassin’s Sparrow’s breeding phenology and assessed how it has shifted over time. Our results demonstrate a
complex east-to-west seasonal progression of breeding activity. We also identify a potential source of monitoring error in the North
American Breeding Bird Survey that could lead to inaccurate population trend estimates and bring into question conservation status
assessments for the species based on those estimates. Finally, we document regionally distinct shifts in phenology over the past four
decades that suggest local populations may be responding differently to changing climatic conditions. These findings underscore the
complexity of Cassin’s Sparrow’s breeding ecology and have broader implications for the monitoring and conservation of aridland birds.

RESUMEN. Peucaea cassinii es un esquivo residente del suroeste de Estados Unidos, las Grandes Llanuras del sur y el norte de México.
A pesar del interés de larga data, su fenologia reproductiva no esta bien establecida. Utilizando 40 afios de registros de presencia en
eBird, cuantificamos la fenologia reproductiva de la especie y evaluamos como ha cambiado a lo largo del tiempo. Nuestros resultados
demuestran una compleja progresion estacional de la actividad reproductiva de este a oeste. También identificamos una posible fuente
de error de monitoreo en el North American Breeding Bird Survey que podria llevar a estimaciones inexactas de las tendencias
poblacionales y poner en duda las evaluaciones del estado de conservacion de la especie basadas en estas estimaciones. Finalmente,
documentamos cambios regionalmente distintos en la fenologia durante las ultimas cuatro décadas que sugieren que las poblaciones
locales pueden estar respondiendo de manera diferente a las condiciones climaticas cambiantes. Estos hallazgos resaltan la complejidad
de la ecologia reproductiva de Peucaea cassinii y tienen implicancias mas amplias para el monitoreo y la conservacion de las aves de
tierras aridas.
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INTRODUCTION

Cassin’s Sparrow (Peucaea cassinii Woodhouse, 1852) is a native
species of the arid shrub grasslands of the southwestern United
States (U.S.), southern Great Plains, and northern Mexico. It is
often a focal species in studies of grassland ecosystems (Gordon
2000, Roberts et al. 2017, Salas et al. 2017, Visser 2021, Forrest
2022) and has been used as an indicator species for long-term
monitoring of grassland biodiversity (Ruth 2000, Lynn 2006, U.
S. Fish and Wildlife Service 2012, 2016). Cassin’s Sparrow’s
breeding phenology, however, is not well established. It is thought
to be migratory in the northern part of its range, withdrawing
into the southern part of its range and further south into Mexico
for the winter, but the timing of these migratory movements and
the onset of nesting vary greatly from year to year, apparently in
response to the arrival of monsoon rainfall in some regions
(Williams and LeSassier 1968, Ruth 2000, Dunning et al. 2020).
There are reports that males in breeding condition can arrive early
to some areas and wait for the onset of favorable environmental
conditions and the appearance of females before becoming active
(Phillips 1944, Williams and LeSassier 1968). Ohmart (1969)
proposed a hypothesis of itinerant breeding wherein Cassin’s
Sparrows can maintain dual breeding ranges across the North
American southwest and raise two broods per year, one in Texas
and a second brood in Arizona (Phillips 1944, 1971, Ohmart 1969,

Hubbard 1977). It also has been suggested that only one
population is involved in this itinerancy, moving east to west
during the summer months, with the season beginning in
southeastern Texas in early spring and ending in southeastern
Arizona in late summer (Phillips 1944, Ohmart 1966, 1969, Ruth
2000).

This complicated picture likely reflects Cassin’s Sparrow’s ability
tomove and breed opportunistically (Phillips 1944, Ohmart 1966,
1969, Hubbard 1977, Ruth 2000), a trait that is found in many
desert birds (Williams and Tieleman 2005, Duursma et al. 2017,
Pascoeetal. 2021, Newton 2023). Such responsiveness is adaptive,
given the highly variable and unpredictable nature of arid
ecosystems and the physiological stresses placed on these birds
(Davies 1984, Albright et al. 2017, Ma et al. 2023). Opportunistic
breeding, however, makes understanding the breeding phenology
and the phenological responses of a species to climate change
more challenging, because these species are responding to
seasonal changes in weather and local conditions that can
influence resource availability, summertime movements, and
breeding activity as well as decadal climate change that can shift
seasonal conditions altogether and alter long-term migration
patterns and ecosystem productivity (Visser et al. 2012, Renner
and Zohner 2018, Pascoe et al. 2021, Robertson et al. 2024).
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Complicating things further, Cassin’s Sparrows can be
particularly difficult to observe in the field: they are rather plain,
spend most of the time on the ground or hidden in shrubs, and
they are generally quiet. As a result, few direct measures of
breeding phenology exist for the species. A total of about 140
nesting records and egg dates can be found in the literature, dating
from the mid-19th Century (Baird et al. 1858, Williams and
LeSassier 1968, Hubbard 1977, Wolf 1977, Maurer et al. 1989,
Schnaseetal. 1991, Ruth 2000). The eBird database (https:/ebird.
org/), which is the source of most observational data on the
species, largely overlaps with data available from the U.S.
Geological Survey (USGS) North American Breeding Bird
Survey (BBS, https://www.pwrc.usgs.gov/BBS/), iNaturalist
(https://www.inaturalist.org/), and the Global Biodiversity
Information Facility (GBIF, https:/gbif.org/). The eBird database
currently contains about 90,000 occurrence records for Cassin’s
Sparrow; however, only 200 records confirm evidence of breeding,
and only 19 nests are noted. There are about 1800 banding records
available for the species (https://www.usgs.gov/labs/bird-banding-
laboratory), but only 12 of these are re-encounters, yielding little
insight into the movements and reproductive ecology of the
species. Because of this lack of data, efforts to quantify Cassin’s
Sparrow’s breeding phenology have had to rely primarily on
indirect estimates.

Fortunately, an exception to Cassin’s Sparrow’s elusiveness comes
during the breeding season when males initiate flight song
displays. This skylarking behavior is used to define and defend
territories, attract females, and maintain pair bonds (Williams
and LeSassier 1968, Schnase and Maxwell 1989, Schnase et al.
1991, Anderson and Conway 2000, Ruth 2000, Dunning et al.
2020). Cassin’s Sparrow’s flight displays are conspicuous,
distinctive, and, importantly, can be used to delimit key phases of
the breeding cycle of the species with high detection and
identification confidence (Schnase et al. 1991, Anderson and
Conway 2000). Natural history accounts consistently associate
the onset and decline of male skylarking with the beginning and
end of Cassin’s Sparrow’s breeding season (Williams and
LeSassier 1968, Maxwell 1979, Schnase and Maxwell 1989,
Dunning et al. 2020). Hormonal studies lend support to these
observations. Testicular development and reproductive readiness,
for example, are associated with the onset of skylarking at the
start of the breeding season; cessation of skylarking and testicular
regression mark the end of the season (Small et al. 2007, Deviche
et al. 2008, 2012). The strongest evidence for a link between
skylarking and breeding cycle events, however, comes from
energetic studies. Schnase et al. (1991) have shown an association
between the energy investment in male display activities (i.e.,
skylarking and singing rate) and three distinct phases of the
breeding season: an early pre-incubation phase, during which
males become detectable in the field, and flight displays and song
production begins; a middle phase, during which skylarking
continues, and incubation, nesting, and fledging occur; and an
ending phase, during which fledglings disperse, skylarking and
song weaken, and adult birds become quiescent or migrate away
to overwintering grounds, sometimes after a second brooding
attempt.

In this study, we draw on 40 years of citizen science observations
to improve our understanding of Cassin’s Sparrow’s breeding
phenology. We do this by taking advantage of Cassin’s Sparrow’s
distinctive skylarking behavioral trait. We use eBird occurrence
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record densities, the vast majority of which represent observations
of skylarking males, as a proxy for major phases of Cassin’s
Sparrow’s breeding season. We first determine the timing of key
phases of the breeding cycle of the species, then look at how the
timing of this cycle has changed over the past four decades and
whether there is variability in the changes across the states and
ecoregions where the species can be found. This multiscale
approach provides a more complete view of Cassin’s Sparrow’s
breeding phenology and phenological response to long-term
climate change than was heretofore available.

METHODS

Obtaining observations and calculating state phenological trends
We obtained a total of 61,192 unique time-stamped Cassin’s
Sparrow point locations for the years 1985 to 2024 from the eBird
database (Cornell Lab 2025). Of these, 59,251 records were from
the continental U.S., and, of these, approximately 95% came from
only four states: Texas, New Mexico, Colorado, and Arizona (Fig.
1A). To simplify our state-level analysis, we focused our study on
these four states. We felt it was important to evaluate phenology
at the state level given that much conservation assessment and
action (e.g., development and implementation of State Wildlife
Action Plans) is taken within state boundaries by state wildlife
management agencies (https://www.fishwildlife.org/afwa-informs/
state-wildlife-action-plans). These agencies increasingly try to
work across state boundaries and regions at scales that are more
ecologically relevant, but much project funding and decision
making still occurs at the state level.

We first determined the timing and spatial location of seasonal
peaks for each state. We did this by finding the overall day-of-the-
year (DOY) maximum occurrence record count for each state and
calculating the mean longitude and latitude coordinates for
observations associated with these DOY's. We then tested for long-
term trends in four breeding season metrics. We aggregated the
occurrence records into eight, 5-year spans extending across the
40-year study period and used daily record counts grouped by
DOY quantiles to characterize start, median, and end phases (9%,
50%, 93% quantiles, respectively) and duration (93% quantile -
9% quantile; Duursma et al. 2017, Mayor et al. 2017, Lehikoinen
et al. 2019, Héllfors et al. 2020). We based our selection of start
phase and end phase quantiles on the earliest and latest egg dates
in the literature, which occur in Texas and Arizona, respectively.
For Texas, the earliest reported egg date is 1 March (DOY 60,
which corresponds to the 9% quantile in the Texas record
distribution); in Arizona, the latest reported egg dates are from
the first week of September (around DOY 250, which corresponds
to the 93% quantile in the Arizona distribution; Ruth 2000,
Dunning et al. 2020). Although the choice of quantiles is
somewhat arbitrary, these broad phase boundaries provide a way
of comparing long-term trends across states and regions, which
was the major goal of the study.

We quantified trends by regressing each of the four phenological
metrics against the eight 5-year spans of the 40-year study. We
fitted linear regressions under a Bayesian framework using the
rstanarm package in R (https://mc-stan.org/rstanarm). We ran
three Markov chains with 100,000 iterations each, including a
burn-in of 10,000 iterations and a thinning interval of two, using
weakly informative priors for all parameters (Gelman et al. 2017).
From the posterior distributions, we extracted mean estimates
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Fig. 1. Maps show (A) the four U.S. states and (B) four Bird Conservation Region (BCR) groups that are the focus of this study.
The different colors represent states and BCR groups that have similar occurrence record density patterns, as described in the
accompanying text. The red and blue lines, respectively, show the northern extent of Cassin’s Sparrow’s (Peucaea cassinii) breeding

and overwintering ranges.
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and regression coefficients (B). We used the 95% credible interval
(CI) to assess parameter uncertainty and Bayesian R? to evaluate
the uncertainty in model fit (Gelman et al. 2019).

‘We used Probability of Direction (PD) to test for the existence of
trends and to quantify the certainty with which trends go in a
particular direction. PD represents the proportion of the
posterior distribution that lies on the same side of zero as the
mean, thereby indicating the probability that an effect is either
positive or negative (Makowski et al. 2019a, 2019b). We
interpreted PD values > 95% as very strong evidence for a
directional effect, 90-94% as moderate to strong evidence for a
trend, 80-89% as weak evidence, and 60-79% as very weak,
inconclusive evidence for a trend (Makowski et al. 2019a,
McElreath 2020). We used the Region of Practical Equivalence
(ROPE), which defines an interval around zero representing
negligible effects, to assess the practical significance of trends
(Makowski et al. 2019b, Pan et al. 2025). ROPE percentages >
95% were taken to mean that the observed effects were possibly
too small to be meaningful in real-world applications of the
regression model results (Makowski et al. 2019b, Gelman et al.
2020, van de Schoot et al. 2021, Pan et al. 2025).

Calculating phenological trends for Bird Conservation Regions

In order to obtain a more meaningful ecological perspective on
phenological trends, we also applied our analysis to the Bird
Conservation Regions (BCRs) encompassed by Cassin’s
Sparrow’s summer breeding range (Fig. 1B). BCRs are
ecologically distinct areas in North America, each characterized
by similar bird communities, habitats, and resource management
challenges (https://nabci-us.org/). We used the USGS National
Gap Analysis Program (GAP) (https://doi.org/10.5066/
F7Q81B3R) range maps to select relevant BCRs, 10 of which
extend across Cassin’s Sparrow’s range. In preparing these data,
we observed similar occurrence record density patterns for BCR
34 (Sierra Madre Occidental) and BCR 33 (Sonoran and Mojave
Deserts). We therefore aggregated these records into a single
ecoregion group, which we refer to as BCR 34g. Likewise, BCR
16 (Southern Rockies / Colorado Plateau) and BCR 35

BCR Name
BCR 199 Group:
19 Central Mixed Grass Prairie

20 Edwards Plateau

21 Oaks and Prairie

36 Tamaulipan Brushlands
37 Gulf Coastal Prairie

18 Shortgrass Prairie

BCR 16g Group:
16 Southern Rockies / Colorado Plateau

35 Chihuahuan Desert

BCR 349 Group:
34 Sierra Madre Occidental
33 Sonora and Mojave Deserts

(Chihuahuan Desert) had similar record density patterns, as did
BCRs 19-21, 36, and 37 (Central Mixed Grass Prairie, Edwards
Plateau, Oaks and Prairie, Tamaulipan Bushlands, and Gulf
Coastal Prairie, respectively). We aggregated these into BCR16g
and BCR19g ecoregion groups. BCR 18 alone constituted the
remaining, 10th group of records. These groupings allowed us to
simplify our BCR analysis by focusing on four record clusters,
each having a reasonably balanced representation of
observations. These regions accounted for 97% of eBird’s
continental U.S. occurrence records for Cassin’s Sparrow.

This two-tier, state/BCR stratification corresponds to the
approach taken by the BBS, which is perhaps our most important,
long-running source of population trend information for North
American birds. The BBS computes species trends at the state
level, providing data of particular value to the state conservation
efforts referenced above; the BBS also reports trends across BCRs,
which are particularly relevant to ecological studies.

RESULTS

East-to-west seasonal progression of breeding activity

Over the past 40 years, across the whole of Cassin’s Sparrow’s
continental U.S. range, the breeding season has generally started
in late March, peaked in early June, ended the first half of
September, and lasted a little over five and one-half months (Table
1). The duration of the breeding season has varied from a high in
Texas and BCR 19g of over seven months to a low of less than
four months in Colorado and BCR 18. There is a trimodal
distribution to the aggregate daily record count for U.S.
occurrences that can be attributed to differences in the state and
regional timing of events. The breeding season in Texas and BCR
19g generally peaks in early May and is responsible for the first
mode in the overall distribution of U.S. records. In Colorado,
New Mexico, BCR 18, and BCR 16g, the season peaks about one
month later and contributes to the second mode. Arizona and
BCR 34g peak two months later still and contribute to the third
mode of the overall U.S. record distribution (Fig. 2). This pattern
is consistent with an overall east-to-west seasonal progression of
breeding activity across Cassin’s Sparrow’s U.S. range.
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Table 1. Summary of Cassin’s Sparrow (Peucaea cassinii) eBird occurrence record analysis for the study’s focal states and Bird
Conservation Regions (BCRs) as shown in Figure 1. The table shows the number of unique records; 40-year mean * standard error
(SE) of the breeding season start, median, and end phase day-of-the-year (DOY) and approximate calendar dates in parentheses; and

the mean * SE of the breeding season duration in days.

Region Records Start (DOY) Median (DOY) End (DOY) Duration (days)
All 55,488 84.0 + 1.5 (25 Mar) 159.3 £ 0.8 (08 June) 254.0 £ 2.6 (10 Sep) 170.0 + 3.4
TX 28,044 68.0 + 2.2 (09 Mar) 131.2 £ 1.4 (11 May) 282.8 + 4.4 (09 Oct) 214.5+59
CcO 6,227 124.8 + 2.3 (04 May) 160.0 £ 1.9 (09 Jun) 214.5 + 3.1 (02 Aug) 89.8+3.8
NM 9,720 110.5 + 2.0 (20 Apr) 165.1 £ 1.4 (14 Jun) 243.8 + 3.4 (31 Aug) 133.1+52
AZ 11,497 114.8 + 3.8 (24 Apr) 214.5 £ 0.5 (02 Aug) 249.1 + 1.4 (06 Sep) 1344+ 4.6
BCR 19¢g 18,134 58.9 + 2.4 (27 Feb) 122.9 + 1.5 (02 May) 300.2 + 4.2 (27 Oct) 241354
BCR 18 15,141 116.4 + 1.1 (26 Apr) 159.0 £ 0.5 (08 Jun) 225.1 £ 0.6 (13 Aug) 108.8 £ 1.6
BCR 16g 10,088 85.3 + 1.6 (26 Mar) 166.9 £ 1.0 (15 Jun) 268.9 £ 2.2 (25 Sep) 183.8+2.8
BCR 34¢g 10,977 116.8 + 3.2 (26 Apr) 214.3 £ 0.5 (02 Aug) 247.5 + 1.8 (04 Sep) 130.8 + 4.4

Shifts in breeding phenology across four decades

We found evidence for directional trends in 14 state-level
regression models, with statistical support for the trends ranging
from very weak to very strong (Fig. 3). In Texas, there is a 97%
probability that the end phase has advanced over the past 40 years,
accompanied by a contraction in the duration of the breeding
season. Delayed start and median phases are also supported in
the state (PD = 88% and PD = 87%, respectively). In New Mexico,
there is evidence for an advancing end phase (PD = 90%) and for
a shortening of the breeding season (PD = 81%); however, there
is no directional evidence for a start phase trend in New Mexico
(PD = 54%) or end phase trend in Colorado (PD = 58%).
Although ROPE values for all state results exceeded 95%,
indicating that the effect of time on phenology may not be
ecologically important, the median phase of the breeding season
in Arizona has almost certainly been delayed by approximately
10.9 days over the 40-year span of the study (PD = 100%; B =
0.31; CI = 0.14, 0.48; R? = 0.72). High PD with high percent in
ROPE implies a consistent but small directional trend. Evidence
for trends in the remaining phases was inconclusive (PDs = 65%—
79%).

Phenological shifts are more apparent in the ecoregion groups,
with all but one of the regressions showing evidence of directional
trends (Fig. 4). Statistical support for these trends also ranged
from very weak to very strong. In BCR 19g, there is a 93%
probability that the breeding season end phase has advanced,
accompanied by a decrease in duration over the past 40 years. We
found very strong support for end phase advancements in BCR
18 (PD =98%) and BCR 16g (PD =96%). In BCR 18, the median
phase has almost certainly advanced (PD = 99%), while in BCR
34g, it has almost certainly been delayed (PD = 100%). There also
is evidence for a delayed median phase in 16g (PD = 91%). We
found support for an earlier start to the breeding season in BCR
18 (PD = 88%) and for a contraction of the season in BCR 16g
(PD = 87%). There is no evidence for a duration trend in BCR 18
(PD = 51%) and inconclusive evidence for trends in the remaining
phases (PDs = 68%-79%). Although ROPE values for all
ecoregion results also exceeded 95%, we estimate the median
phase in BCR 34g has been delayed by approximately 9.2 days
over the 40-year span of the study (§ = 0.26; CI = 0.09, 0.43; R?
= 0.64). Range-wide results (“All” in Figs. 3 and 4) suggest an
overall 40-year advance in the end phase (PD = 84%) and a
corresponding shortening of the breeding season (PD = 85%).

DISCUSSION

eBird record confirms east-to-west seasonal progression

We found confirmation of an east-to-west progression of
breeding activity across the spring and summer months that
begins in Texas and BCR 19g; moves through New Mexico,
Colorado, BCR 18, and BCR 16g; then ends in Arizona and BCR
34g in early fall (Table 1, Fig. 2). Phenological descriptions from
the historical literature are few, date back several decades, and
come primarily from Texas and Arizona. In central Texas, the
literature shows a migratory influx of birds, typically joining
overwintering residents, in early March. Skylarking and
competition for territories among males begins mid-March, with
females appearing on territories later in the month. Most nesting
reports and egg dates from Texas are in May, and the first-brood
season has been estimated to end by early August (Williams and
LeSassier 1968, Maxwell 1979, Schnase 1984, Schnase et al. 1991,
Ruth 2000, Dunning et al. 2020). There are reports of renesting
after failed first attempts and of a resurgence of skylarking
activity after first broods have fledged the nest (Schnase 1984,
Dunninget al. 2020). Although there is no clear evidence for more
than one brood, the long breeding season and the late-season
resumption of skylarking in Texas and the BCR 19g ecoregion
group suggests that double-brooding is possible (Williams and
LeSassier 1968, Schnase 1984, Schnase et al. 1991, Dunning et al.
2020). We found evidence of this overall pattern in eBird’s 40-year
occurrence record and assumed that the long tail in the
observation density distribution for Texas and BCR 19g and, to
a lesser extent, New Mexico, Colorado, BCR 18, and BCR 16g,
represents this late-season resumption of skylarking and may be
an indicator of double-brooding attempts.

Insoutheastern Arizona, a 60-day breeding season starting in July
has been reported (Monson and Phillips 1981, Dunning et al.
2020). We also observed late summer/early fall activity in Arizona
and the BCR 34g group with the major start to the season
occurring in July. The duration of the Arizona breeding season
is shorter than in Texas and BCR 19g, presumably reducing
opportunities for second broods. However, the observation
density curves for Arizona and BCR 34g show a long head in
contrast to the long tail seen in Texas and BCR 19g. Whether this
isanindication of early nesting attempts by a resident population,
an early migratory influx of a different population from Mexico,
or some other phenomenon is an open question. Also unknown
at this point is the extent to which monsoon rains in some parts
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Fig. 2. Occurrence record summaries for Cassin’s Sparrow (Peucaea cassinii) stratified by (A) states and by (B) Bird Conservation
Regions (BCRs). Graphs on the left show the distribution of daily unique eBird record counts over the past 40 years. Maps on the
right show the spatial distribution of the occurrence records. Colored circles indicate the average location of seasonal activity peaks
within each focal state or BCR group. Circle size corresponds to the proportion of total records in that region at the seasonal peak.
Vertical gray dashed lines mark the typical June survey window of the U.S. Geological Survey’s North American Breeding Bird

Survey.
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of Arizona and New Mexico affect these patterns. However, the
North American Monsoon, which typically occurs during the
summer months from late June through mid-September, is known
to strongly influence seasonal rainfall patterns across the
southwestern U.S. and northwestern Mexico (Adams and Comrie
1997). Our results are consistent with what has been described as
Cassin’s Sparrow’s opportunistic movements into these areas in
response to precipitation.

Regional differences in phenology a potential source of monitoring
error

The median phase of Arizona’s breeding season occurs fully three
months later than the median phase in Texas, with timing of the
seasonal peaks in New Mexico and Colorado intermediate between
the Texas and Arizona peaks. Likewise, the median phase of BCR
34g occurs three months later than the median phase in BCR 19g,
with timing of the seasonal peaks in BCR 18 and BCR 16g
intermediate between the two. These patterns highlight one of the
challenges to understanding the conservation status of a species like
Cassin’s Sparrow where assessments are based, in part, on state and
BCR estimates of population trends (Lehikoinen et al. 2019, Anteau
et al. 2023). The accuracy of such estimates is known to depend on
survey timing (Dickie et al. 2014, Sauer et al. 2017, Lehikoinen et
al. 2019). The BBS generally gathers data in June, which appears to
roughly correspond to the height of the breeding season in New
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Mexico, Colorado, BCR 18, and BCR 16g, but it apparently
misses seasonal peaks in Texas, Arizona, BCR 19g, and BCR 34g
(Fig. 2).

State BBS population trend estimates show a fairly uniform
average decline across our focal states of 0.8% yr' over the past
decade. BBS estimates positive population trends of 4.5% yr™' for
BCR 16 (Southern Rockies / Colorado Plateau) and 0.8% yr™' for
BCR 37 (Gulf Coastal Prairie). Population trends in the other
BCRs within Cassin’s Sparrow’s range are all negative and range
from -2.2% yr' to -0.8% yr''. A consistent timing mismatch
between survey period and breeding season peak, as appears to
be the case with Cassin’s Sparrow in some areas, raises the
possibility that trend estimates are biased low in the mismatched
areas (Sauer et al. 2017, 2020, Mahony et al. 2022). If that is the
case, the population declines estimated for Texas and the
grasslands, oaks and prairies, brushlands, and plateau regions
along the eastern margin of Cassin’s Sparrow’s breeding range
(all part of the BCR 19g group) may be exaggerated while the
estimated increase along the Texas gulf coast (BCR 37, a small
contributor to the BCR 19g group) may be underestimated (Fig.
1B). The western declines in Arizona and BCR 34g may be
exaggerated as well. Given the timing of peak occurrences relative
to BBS monitoring periods, we assume greater confidence can be
placed in the New Mexico, Colorado, BCR 18, and BCR 16g
estimates, while estimated trends in the other areas should be
viewed with some caution.
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Fig. 3. State phenology trends. Graphs show Cassin’s Sparrow (Peucaea cassinii) breeding season day-of-the-year (DOY) start,
median, and end phases (y-axis) regressed against the eight S5-year spans of the study period (x-axis) for the continental U.S. (ALL)
and for the four states encompassing 95% of North American occurrence records: Texas (TX), New Mexico (NM), Colorado (CO),
and Arizona (AZ; see Fig. 1A). Duration panels display breeding season length in days, also regressed against the 5-year intervals.
Negative slopes for start, median, and end phases indicate earlier timing (advancement), while positive slopes indicate delays. For
duration, negative slopes indicate shortening and positive slopes indicate lengthening of the breeding season. Trend lines represent
predicted means from Bayesian regressions; shaded bands represent the 2.5th to 97.5th percentiles of those predictions. The
accompanying table shows the regression coefficient (B), 95% credible interval (CI), Probability of Direction (PD), and Bayesian R?

for each regression.

Start Median
All
TX
(610) | .
NM
AZ

Day of Year
—

1985 —— > 2024

.

End

Duration

T .

1985 — 2024

ey
e
S
g

Duration (days)

Year Year
B Cl PD R2 B Cl PD R? B Cl PD R? B Cl PD R?
ALL 0.16 | -0.38,0.69 0.75 0.10 -0.11| -0.38,0.16|0.63 0.12 -0.61 -1.50,0.30 |0.84|0.25 -0.77 | -1.92,0.42 | 0.850.24
TX 043 -0.34,1.20 0.88 0.19 0.26 ' -0.23,0.73/0.87 0.17 -1.47 -2.99,0.07 | 0.97 0.40 -1.91 -3.92,0.15/0.97 0.39
CO -0.29 | -1.07,0.50 0.79 0.11 -0.21 | -0.85,0.44/0.77 0.10 0.10  -0.97,1.16 |0.58 0.06 0.39 | -0.92, 1.68 |0.75 0.09
NM 0.03 | -0.66,0.72 0.54 0.06 -0.08 | -0.56,0.40/0.65 0.07 -0.68 -1.84,0.48 |0.90 0.20 -0.70 | -2.47,1.09/0.81 0.12
AZ -0.33  -1.62, 0.96 0.71 0.08 0.31  0.14, 0.48/1.00 0.72 0.15  -0.33,0.63 | 0.76  0.09 0.48 | -1.13,2.06 |0.74 0.09
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Fig. 4. Bird Conservation Region phenology trends. Graphs show Cassin’s Sparrow (Peucaea cassinii) breeding season day-of-the-
year (DOY) start, median, and end phases (y-axis) regressed against the eight 5-year spans of the study period (x-axis) for the
continental U.S. (ALL) and for the Bird Conservation Regions (BCRs) encompassing 97% of North American occurrence records:
the BCR 19g group (BCRs 19-21, 36, and 37), BCR 18, the BCR 16g group (BCRs 16 and 35), and the BCR 34g group (BCRs 34
and 33; see Fig. 1B). Duration panels display breeding season length in days, also regressed against the 5-year intervals. Negative
slopes for start, median, and end phases indicate earlier timing (advancement), while positive slopes indicate delays. For duration,
negative slopes indicate shortening and positive slopes indicate lengthening of the breeding season. Trend lines represent predicted
means from Bayesian regressions; shaded bands represent the 2.5th to 97.5th percentiles of those predictions. The accompanying
table shows the regression coefficient (p), 95% credible interval (CI), Probability of Direction (PD), and Bayesian R? for each

regression.
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Regional differences in phenology reveal complex long-term
changes

Recent work has demonstrated a northwesterly shift in suitable
climate conditions for Cassin’s Sparrow over the past four decades
(Schnase et al. 2024), consistent with similar shifts in other North
American bird species (Bateman et al. 2016, Huang et al. 2023).
Phenological responses to such shifts can be complex (Thackeray
et al. 2016, Cohen et al. 2018, Haillfors et al. 2020, Neate-Clegg
et al. 2024). Multi-brooded species often extend their breeding
season in response to warming, while single-brooded species tend
to shorten them (Moller et al. 2010, Halupka and Halupka 2017,
Hallfors et al. 2020). However, multi-brooded species may also
shorten their seasons by reducing second clutches (Husby et al.
2009). Resident and short-distance migrants typically advance
breeding onset, whereas long-distance migrants often show delays
(Jenni and Kéry 2003, Davis et al. 2010, Moller et al. 2010,
Lehikoinen et al. 2019, Héllfors et al. 2020). Cassin’s Sparrow is
typically regarded as a multi-brooded, resident or short-distance
migrant. Contrary to expectations, we found range-wide evidence
of delayed onset and breeding season contraction, patterns
typically associated with single-brooded, long-distance migrants.
Notably, these trends vary regionally.

For example, in Texas and BCR 19g, which includes south and
central Texas, delayed starts and advancing end phases appear to
be contributing to substantial declines in breeding season
duration, perhaps reflecting deteriorating conditions in the
southeastern portions of Cassin’s Sparrow’s range (Figs. 3 and 4).
In contrast, Colorado, Arizona, and BCR 34g, which
encompasses the Sonoran Desert regions of southeastern
Arizona and southwestern New Mexico, show trends toward
earlier onset and increasing duration, more in line with
expectations for the species. The start phase for the Colorado
Plateau and Chihuahuan Desert regions of Colorado, New
Mexico, and west Texas, encompassed by BCR 16g, is also
advancing; however, in this case, the end phase is advancing as
well, leading to an overall decrease in breeding season duration.
Phenological advancement was most evident in BCR 18, where
start, median, and end phases all advanced, effectively shifting
the season earlier in the shortgrass prairie region of Cassin’s
Sparrow’s central range. Notably, the median phase delays in
Arizona and BCR 34g (10.9 and 9.2 days, respectively) were the
strongest trends detected in the study.

These divergent patterns suggest shifting breeding strategies. In
southeastern parts of the range, Cassin’s Sparrow may
increasingly rely on early-season single brooding followed by
itinerant movement westward to exploit improved conditions.
Alternatively, these trends may reflect population-specific
responses to local environmental change, either through adaptive
plasticity or evolutionary adjustment (Both and Visser 2005,
Tingley et al. 2009, Charmantier and Gienapp 2014, Socolar et
al. 2017, Radchuk et al. 2019, Rollinson et al. 2021, Neate-Clegg
et al. 2024). Caution is warranted regarding these interpretations,
however. Although the direction of most trends is statistically
supported, one-third of the regressions are inconclusive, and
effect sizes fall within ROPE thresholds, indicating they may be
of little ecological significance. Collectively, however, the
observed patterns generally align with broader understandings of
phenological responses in grassland birds (Bateman et al. 2016,
2020, Huang et al. 2023). Whether these patterns for Cassin’s
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Sparrow reflect distinct population behaviors, itinerant breeding,
or spatially differentiated responses within a single
metapopulation remains unresolved. Still, our results underscore
the complexity of the species’ response to climate change and the
need for continued investigation, particularly in the context of
conservation planning that accounts for ecologically meaningful
boundaries.

CONCLUSION

In this study, we used 40 years of eBird occurrence records to
quantify the breeding phenology for Cassin’s Sparrow. We
determined the timing of key phases of the breeding cycle based
on the distinctive skylarking behavior of male Cassin’s Sparrows
and examined how these phases have shifted over time, with
particular attention to regional variation. Our results reveal a
complex east-to-west seasonal progression of breeding activity
across Cassin’s Sparrow’s U.S. range, consistent with patterns
reported in the historical literature. We also identified a potential
source of monitoring error in the North American Breeding Bird
Survey that could lead to inaccurate population trend estimates
for the species in areas where the timing of the survey differs from
breeding season activity peaks. This could bring into question
conservation status assessments for Cassin’s Sparrow that are
based on those estimates. Finally, we found regional differences
in phenological trends over the past four decades. This is
meaningful, because it suggests that local populations may be
responding differently to changing climatic conditions. These
findings enhance our understanding of Cassin’s Sparrow’s
breeding ecology and may have broader implications for other
aridland bird species.
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