
    Introduced pathogens can have devastating 
consequences on native wildlife (Atkinson et 
al. 1995, LaDeau et al. 2007). West Nile virus 
(WNV) is a mosquito-borne Flavivirus (Camp-
bell et al. 2002) native to the Eastern Hemi-
sphere. Birds are the principal host of WNV 
and the disease is transmitted by mosquitos, 

primarily those in the genus Culex (Campbell 
et al. 2002). WNV was introduced into east-
ern North America in 1999 (Campbell et al. 
2002). By 2001, the virus had spread across 
North America (Campbell et al. 2002) as far 
west as Iowa (Rappole and Hubalek 2003). 
WNV spread throughout all of the central 
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      ABSTRACT.—West Nile virus (WNV) is an introduced pathogen, transmitted by mosquitos, that spread across North 
America following its arrival there in 1999. Birds host the virus, but consequences of the disease to bird species have 
been variable. A small number of avian species are especially susceptible to WNV, experience high mortality rates 
when infected, and have shown regional declines apparently because of the disease. Other species have seemingly 
been unaffected. Transmission of WNV is associated with climate, with higher incidence of transmission in dry areas 
with warm winters. The north-central United States is an area that exhibits clines in temperature and precipitation, and 
in this area changes in species abundance due to WNV have not been closely examined. We used Christmas Bird 
Count (CBC) data to investigate changes in winter abundance of selected species before and after the arrival of WNV 
in the Great Plains. After arrival of WNV, average estimated abundances of Black-billed Magpie (Pica hudsonia) were 
significantly lower than projected abundances across much of the Great Plains. Black-capped Chickadee (Poecile atri-
capillus) abundances reached their lowest counts in portions of the Great Plains immediately after the arrival of WNV 
and experienced overall negative annual declines from 1988 to 2017. Two other species that were examined did not 
experience changes in abundance across the study area. Abundances of Black-billed Magpies and Black-capped Chick-
adees have declined over the past 30 years in the Great Plains, and WNV has likely played a major role in recent 
declines of magpies throughout the study area. 
 
      RESUMEN.—El virus del Nilo Occidental (VNO) es un patógeno introducido transmitido por mosquitos que se dis-
eminó por América del Norte luego de su llegada en 1999. Las aves albergan el virus, sin embrago, las consecuencias 
de la enfermedad para las especies de aves han sido variables. Hay un pequeño número de especies de aves que son 
especialmente susceptibles al VNO, éstas experimentan altas tasas de mortalidad cuando se infectan y han demostrado 
disminuciones en algunas regiones probablemente debido a la enfermedad mientras que otras especies aparentemente 
no se han visto afectadas. La transmisión del VNO está asociada con el clima, con una mayor incidencia de transmisión 
en áreas secas con inviernos cálidos. La parte central-norte de los Estados Unidos es un área que exhibe clinas en tem-
peratura y precipitación, pero los cambios en la abundancia de especies debido al VNO no han sido examinados de 
cerca. Utilizamos datos del Conteo Navideño de Aves para investigar los cambios en la abundancia invernal de especies 
seleccionadas antes y después de la llegada del VNO a las Grandes Llanuras. Después de la llegada del VNO, la abun-
dancia promedio estimada de la urraca del Hudson o (Pica hudsonia), fue significativamente menor que la abundancia 
proyectada en gran parte de las Grandes Llanuras. Las abundancias del carbonero de capucha negra (Poecile atricapil-
lus) alcanzaron sus recuentos más bajos en porciones de las Grandes Llanuras inmediatamente después de la llegada 
del VNO y experimentaron disminuciones anuales negativas en general de 1988 a 2017. Otras dos especies examinadas 
no experimentaron cambios en las abundancias en el área de estudio. La abundancia de Pica hudsonia y Poecile atri-
capillus ha disminuido en los últimos 30 años en las Grandes Llanuras, y es probable que el VNO haya desempeñado 
un papel importante en los recientes descensos de urracas en toda el área de estudio. 
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United States, reached California in 2002, 
and was found in the remainder of the United 
States in 2003 (Hayes et al. 2005, Gubler 2007). 
    More than 200 bird species native to North 
America are susceptible to WNV, and infected 
individuals typically suffer morbidity and 
mortality (Komar 2003, Komar et al. 2003). 
Population-level impacts to North American 
birds have been variable. The virus has caused 
declines in some species’ populations while 
other species’ populations have been largely 
unaffected (LeDeau et al. 2007). For example, 
several corvids (Corividae; crow, jays, and mag-
pies) and certain grouse species are especially 
susceptible to WNV, experience high mortality 
rates when infected, and have shown regional 
declines apparently as a result of the disease 
(Komar et al. 2003, 2005, Caffrey et al. 2005, 
Conover and Roberts 2016, Stauffer et al. 
2018). For some species, declines in abundance 
have been persistent and appear to be long-
term (Foppa et al. 2011, George et al. 2015). 
Other species showed short-term population-
level impacts following the appearance of 
WNV, but their populations have subsequently 
recovered (George et al. 2015). 
    Population-level effects on birds apparently 
caused by WNV not only vary by species but 
can also vary by region (Wheeler et al. 2009). 
This is possibly because climate and weather 
affect transmission of the disease. Increased 
WNV amplification and transmission are gen-
erally observed in regions that experience low 
precipitation and warm winters (Epstein 2001, 
Deichmeister and Telang 2011). The epicenter 
of WNV transmission to humans has been the 
western Great Plains (Gubler 2007), a region 
characterized by low average rainfall, low 
humid ity, and warm summer temperatures, 
especially in southern areas (NOAA 2019). In 
Iowa, high WNV incidence in humans was 
associated with drier conditions (DeGroote et 
al. 2008). Unusually cool environmental temper-
atures in North Dakota reduced the WNV 
transmission season by nearly half compared 
to the preceding season (Bell et al. 2006). In 
Louisiana, increased wetland coverage was 
associated with a decrease in WNV prevalence 
(Ezenwa et al. 2007). Human outbreaks of WNV 
also have a relationship with precipitation dur-
ing the previous year (Landesman et al. 2007). 
    WNV has been present in North America 
for more than 16 years, and numerous studies 
have evaluated changes in abundance of various 

avian species. However, studies have not evalu-
ated whether there has been spatial variation 
in the changes in abundance of species in the 
north-central United States, and little work 
has evaluated impacts of WNV on vulnerable 
species specifically in the Great Plains. Given 
that climate patterns influence WNV inci-
dence, we would expect that the magnitude 
of change in abundance of species vulnerable 
to WNV would be different over large geo-
graphic areas. Additionally, no other study has 
evaluated the impact of WNV on Black-billed 
Magpie (Pica hudsonia) abundance, despite 
dramatic declines in its breeding numbers 
over the last 2 decades in certain regions, 
especially central and western Nebraska (Moll-
hoff 2016, Silcock and Jorgensen 2018a). 
    Here, we evaluate changes in the abun-
dance of 4 avian species in the north-central 
United States by using Christmas Bird Count 
data. Two of the species are known to be vul-
nerable to WNV, one species has shown mod-
erate susceptibility to WNV, and one is not 
especially vulnerable to WNV. We predict 
declines in estimated winter abundances of 
vulnerable species from the years prior to 
WNV emergence (1988–2001) to after WNV 
(2003–2017). We predict that these declines 
will be greatest in regions that are dry and 
have warm winters, such as low-elevation 
areas in the West and the South. We also pre-
dict less pronounced declines in vulnerable 
species in colder and wetter regions, such as 
in the North and the East. 
 

METHODS 

    We used Christmas Bird Count (CBC) data 
from the north-central United States during 
the years 1988–2017 to determine (1) whether 
species experienced changes (declines) in abun-
dance following the appearance of WNV and 
(2) whether changes in abundance varied by 
region within our study area. CBCs are citi-
zen-science bird surveys in which volunteers 
count all birds seen and heard during a 24-h 
period within an area defined by a circle with a 
15-mile (24.1-km) diameter. CBCs are con-
ducted on one day during a period from mid-
December through early January. Data from 
CBCs are subject to bias primarily due to varia-
tion in observer effort within and among indi-
vidual CBCs and the nonrandom distribution 
of count circles (Sauer 2000). However, CBCs 
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are one of few long-term avian monitoring pro-
grams, and data from the program have been 
used in hundreds of studies analyzing changes 
in avian abundance (Temple and Wiens 1989, 
Dunn et al. 2005). 
    We chose the time period 1988–2017 because 
there are nearly an equivalent number of years 
before and after (14 and 15 years, respectively) 
the appearance of WNV in the study area, and 
1988 is the earliest year that the majority of 
the CBCs in our study area have available 
data. We selected CBCs (n = 84) with at least 
8 years of data prior to 2002 and with at least 9 
years of data after 2002. We excluded CBCs 
with fewer years of record. We retrieved CBC 
data from the Audubon Society data portal 
(https://netapp.audubon.org/cbcobservation). 

Study Area 

    Our study area covered a large portion of the 
north-central United States that included all 
or portions of the following states: Minnesota, 

Iowa, Missouri, Kansas, Nebraska, South Dakota, 
North Dakota, Montana, Wyoming, and Colo -
rado (Fig. 1). We chose these areas because of 
a sharp gradient in climatic condition across 
the study area and because our focal species 
are found in much or all of this region (see 
Study Species). Average annual precipitation 
ranges from 13–48 cm in western portions of 
our study area to 83–98 cm in the southeast-
ern sections (PRISM Climate Group 2019). 
Average January temperature ranges from 
−15 °C to −5 °C in northern portions of our 
study area to 0 °C to 1 °C in southern sections 
(PRISM Climate Group 2019). We chose the 
southern limits of the study area to correspond 
with the southern limits of selected focal 
species, specifically Black-billed Magpie and 
Black-capped Chickadee (Poecile atricapillus). 

Study Species 

    We focused our analysis on Black-billed 
Magpie (BBMA) and Black-capped Chickadee 
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    Fig. 1. Study area, ecological regions, and Christmas Bird Count (CBC) circle locations used in analysis.



(BCCH) because both are known to be vulner-
able to WNV and anecdotal evidence suggests 
that both have declined in our study area. We 
also selected 2 additional species for analysis 
that are relatively similar (e.g., year-round resi-
dents, similar life history strategies) to each 
of our focal species. For BBMA we used Blue 
Jay (BLJA; Cyanocitta cristata) and for BCCH 
we used White-breasted Nuthatch (WBNU; 
Sitta carolinensis) as comparison species. While 
WBNU has a somewhat different life history 
than BCCH, no other species in the family 
Par idae occurs year-round over our entire study 
area. BLJA is the species in our area most simi-
lar to BBMA, as both are corvids and both are 
relatively social, intelligent, and able to exploit 
multiple niches. Like other corvids, BLJA has 
shown high mortality from WNV (Komar et 
al. 2003), yet a previous study on breeding 
bird abundances indicated quick recoveries of 
BLJA populations within a few years after 
WNV emergence (LaDeau et al. 2007). Thus, 
in this study we consider BLJA to be moder-
ately susceptible to WNV. We included these 
additional species to show whether any changes 
in BBMA or BCCH abundances are linked 
to some other cause, such as large-scale habi-
tat modification. If causes other than WNV 
were the source of declines in some species, 
we would expect to see similar declines or 
increases in all species regardless of their sus-
ceptibility to WNV. 
    American Crow (AMCR; Corvus brachy -
rhynchos) is another widely distributed corvid 
that has a well-documented susceptibility to 
WNV (Caffrey et al. 2005). However, we chose 
not to include AMCR because concentra-
tions of crows are migratory and/or nomadic 
in the Great Plains, as wintering populations 
likely move in response to resource availabil-
ity (Verbeek and Caffrey 2002, Silcock and 
Jorgensen 2018b). AMCR CBC totals are 
highly variable between years across many of 
our counts, indicating that nomadic movement 
influences the numbers recorded on individ-
ual CBCs.  

Analysis 

    Our primary interest was to detect any 
broad changes in winter abundance of our 
focal and comparison species before and after 
the arrival of WNV in the north-central 
United States (2002). We limited our analysis 
to determining differences in average species 

abundance pre-WNV (1986–2001) and post-
WNV (2003–2018). We performed all statisti-
cal tests and analysis in Program R (R Core 
Team 2018). 
    We separated our study area into 4 
regions to better assess any spatial differ-
ences from the impacts of WNV and to exam-
ine how different populations of sensitive 
species responded to the outbreak of the dis-
ease. We delineated regions based on 30-year 
average January temperature, average annual 
precipitation, elevation, and the range of Black-
billed Magpie, our primary species of interest. 
Our 4 regions were as follows (Fig. 1): (1) East 
or Eastern (eastern Nebraska, eastern Kansas, 
Iowa, northwestern Missouri, and eastern Min-
nesota), (2) Central Plains (western Minnesota, 
North Dakota, South Dakota, and Nebraska), 
(3) Mountain West (western Colorado, Wyo -
ming, and Montana), and (4) Front Range (cen-
tral Colorado). Average January temperature 
differed between Front Range (−1.36 °C) and 
Central Plains (−5.0 °C), as well as between 
Front Range (−1.36 °C) and Mountain West 
(−4.53 °C). The East differed from all other 
regions in average annual precipitation (25.0 cm 
to 10.1–15.4 cm, respectively). While the East 
and Central Plains have similar average Janu-
ary temperature (−5.42 °C to −5.0 °C), no 
Eastern CBCs ever recorded a BBMA in  
any counts made from 1988 to 2017. The 
CBCs within the Mountain West all occur at 
high elevations (+1100 m) and contain differ-
ent habitats compared to the rest of our study 
area. Much of these regions corresponds with 
established Bird Conservation Regions (BCRs) 
defined by the Commission for Environmen-
tal Cooperation (CEC 1997). However, many 
of the CBC circles in the study area overlap 
multiple BCRs, and the lack of standardiza-
tion in CBC locations created large disparities 
between the numbers of circles in one BCR 
compared to others within our study area. 
Given the importance of temperature and pre-
cipitation to WNV transmission and to our 
focal species, we chose to group CBCs in this 
study on additional criteria. 
    Raw counts of species abundance from 
CBCs are subject to bias due to varying 
observer effort and skill as well as weather 
across years. Therefore, it is necessary to adjust 
count data to compensate for biases prior to 
using the data in analysis (Link and Sauer 
1999, Hochachka et al. 2004, Link et al. 2006). 
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The simplest adjustment for effort, such as 
scaling counts per unit effort (birds per party 
hour), assumes that more birds will be 
detected with increased effort. However, counts 
occur within a confined area regardless of the 
number of participants, and certain species 
are likely to be detected at a higher rate than 
others are (Link and Sauer 1999, Link et al. 
2006). Simply scaling by party hour does not 
take into account the fact that there is a lim-
ited number of birds within a circle or the 
possibility of diminishing returns on the 
counts of certain species as effort increases 
(Link et al. 2006). 
    We modeled CBC counts for each species 
as an overdispersed Poisson log-linear regres-
sion and fit this model using Bayesian hierar-
chical methods. We adjusted raw counts and 
modeled for average annual abundance, using 
the effort adjustment methods introduced by 
Link and Sauer (1999) and following the 
Bayesian hierarchical approach presented by 
Link et al. (2006). Briefly, this model allows 
estimation of effort parameters and trends 
from each region to account for the potential 
differences of effort between areas with low 
population centers (e.g., western Kansas) and 
areas with large urban centers and likely 
higher effort for each count (e.g., Front Range, 
which included the Denver metropolitan 
area). Effort and overdispersion parameters 
are treated as random effects, with stratum-
specific effects and regional trend coefficients 
that are treated as fixed effects (Link et al 
2006). We used standard noninformative pri-
ors with normal distributions for means and 
flat gamma distributions for variances on all 
parameters (Link et al. 2006, 2008). We used 
the RJAGS package in Program R to imple-
ment Markov chain Monte Carlo (MCMC) 
sampling of posterior distributions of parame-
ters and abundance estimates. We generated 
chains of length 30,000 and discarded the first 
3000 chains as burn-in. Effort coefficients are 
presented with 95% credible intervals. 
    We modeled effort-corrected estimated 
abundances separately for the years before 
WNV (1988–2001) and after the emergence 
of WNV (2003–2017). Using the pre-WNV 
model, we projected abundances with 95% 
confidence for the years after WNV emer-
gence (2003–2017) by using the existing effort 
values for the years 2003–2017. We com-
pared these estimated abundances from the 

pre-WNV model to the “true” observations 
from the modeled data post-WNV to determine 
whether winter abundances for each species 
were within or outside the expected range, 
given conditions before 2002 (LaDeau et al. 
2007). We analyzed the differences between 
the projected abundances and actual abun-
dances regionally, scaling counts to birds per 
CBC circle within each of our 4 regions. We 
calculated annual trends from 1988 to 2017 
by using the observed (i.e., not projected) 
pre-WNV and post-WNV abundances for each 
circle and then compared the overall trends 
regionally. We used linear models to test the 
relationship of the overall abundance trends of 
each species with average January tempera-
ture and average annual precipitation to deter-
mine the potential impact of climate patterns 
on winter abundances. 
 

RESULTS 

    BBMA abundances after 2002 were markedly 
lower than estimated abundances pre-WNV 
in the Central Plains and the Front Range 
(Fig. 2). The most consistent and extreme 
decline in abundances after WNV emergence 
was observed in the Central Plains. Average 
BBMA-estimated abundances increased in the 
Mountain West, with all observed abundances 
falling within the expected range of estimated 
abundances, given the observed trajectory 
pre-WNV (Fig 2). Overall, BBMA winter abun-
dances experienced a 4.32% (+–0.7%) annual 
decline from 1988 to 2017 in the Central 
Plains. BMMA winter abundances declined 
by 2.17% (+–1.2%) annually in the Front Range 
and increased by 1.53% (+–0.65%) annually in 
the Mountain West from 1988 to 2017 (Table 
1). Annual trends increased with increasing 
precipitation across all circles (F2, 55 = 3.03, 
P = 0.029). Overall BBMA trends were unaf-
fected by average January temperature. 
    Observed BCCH abundances were signifi-
cantly lower than estimated abundances given 
pre-WNV observations for the 4 years that 
immediately followed the emergence of WNV 
(2003–2006) in the Central Plains (Fig. 3). 
Observed BCCH winter abundances in the 
Front Range were on the lowest end of the 
95% CI of predicted abundances for most 
years following 2002, suggesting a potential 
impact of WNV emergence (Fig. 3). In the East 
and the Mountain West, observed abundances 

208 WESTERN NORTH AMERICAN NATURALIST (2020), VOL. 80 NO. 2, PAGES 204–214



BRENNER AND JORGENSEN  ♦  MAGPIE DECLINES FOLLOWING WEST NILE VIRUS 209

    Fig. 2. Black-billed Magpies observed (black circles, before West Nile virus [WNV]; blue circles, after WNV) versus pre -
dicted abundances (solid line, with shaded area representing 95% confidence intervals) before and after the emergence of 
WNV. Predicted values were modeled given conditions before 2002. All abundances are adjusted for effort from the hier -
archical model analysis and plotted as the average number of birds per Christmas Bird Count (CBC) circle in each region.



were within the predicted number of birds, 
given conditions pre-WNV (Fig. 3). From 1988 
to 2017, BCCHs declined 2.57% (+–0.8%) 
annually in the Central Plains. Trends were 

nearly steady in other regions, with 0.72% 
(+–1.2%) and 0.87% (+–0.8%) annual declines in 
the Front Range and the Mountain West, 
respectively, and a 0.22% (+–0.6%) increase in 
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    Fig. 3. Black-capped Chickadees observed (black circles, before West Nile virus [WNV]; blue circles, after WNV) 
versus predicted abundances (solid line, with shaded area representing 95% confidence intervals) before and after the 
emergence of WNV. Predicted values were modeled given conditions before 2002. All abundances are adjusted for 
effort from the hierarchical model analysis and plotted as the average number of birds per Christmas Bird Count (CBC) 
circle in each region.

    TABLE 1. Estimated effort coefficients (p, B) with 95% credible intervals from a hierarchical model of Black-billed 
Magpies (top) and Black-capped Chickadee (bottom) winter abundance in the Great Plains, USA. Estimates are from 
the pre-WNV/projected model for each species. Trend estimates are presented with 95% credible (projected trends 
given conditions pre-WNV) and confidence (observed trends) intervals from 1988 to 2017.  
Species and region                                       p                                          B                          Trend (% change per year)  
Black-billed Magpie 
    Central                                    −0.67 (−0.75, −0.59)              0.63 (0.59, 0.67)              Projected: −0.93 (−1.52, −0.35) 
                                                                                                                                              Observed: −4.32 (–+0.7) 
    Front Range                               0.55 (0.52, 0.58)                     0.39 (0.37, 0.41)              Projected: 0.05 (−0.02, 0.28) 
                                                                                                                                              Observed: −2.17 (–+1.2) 
    Mountain West                       −0.01 (−0.06, 0.03)                 0.88 (0.82, 0.94)              Projected: 1.92 (1.67, 2.17) 
                                                                                                                                              Observed: 1.53 (–+0.65) 
Black-capped Chickadee 
    East                                             0.15 (0.13, 0.17)                     0.89 (0.86, 0.92)              Projected: 0.01 (−0.09, 0.03) 
                                                                                                                                              Observed: 0.22 (–+0.6) 
    Central                                    −0.14 (−0.17, 0.11)                 0.83 (0.8, 0.86)                Projected: −2.31 (−2.6, −2.0) 
                                                                                                                                              Observed: −2.57 (–+0.8) 
    Front Range                               0.13 (0.10, 0.16)                     1.06 (1.0, 1.12)                Projected:  1.36 (1.02, 1.7) 
                                                                                                                                              Observed: −0.72 (–+1.2) 
    Mountain West                           0.55 (0.48, 0.62)                     0.41 (0.36, 0.45)              Projected: 0.17 (−0.21, 0.43) 
                                                                                                                                              Observed: −0.87 (–+0.8)  



the Eastern region. Overall BCCH abundance 
trended higher with increasing average pre-
cipitation (F2, 81 = 2.58, P = 0.027), with no 
impact of January temperatures. 
    We detected no change or slight increases 
in abundances of WBNU and BLJA across 
the East, the Central Plains, and the Front 
Range. WBNU trends were generally steady 
or increasing overall (0.01%–1.2% annually), 
and post-WNV abundances were well within 
the predicted range given conditions before the 
arrival of WNV. In the Central Plains, WBNU 
abundances climbed above the predicted 
estimates from 2009 to 2017 given conditions 

pre-WNV (Fig. 4). BLJA abundances post-WNV 
were also within the 95% CI of predicted trends 
given pre-WNV conditions, and this species 
experienced minor (0.01%–3.4%) but variable 
(+–1.4%) increases across regions (Fig. 4). 
 

DISCUSSION 

    Among all species and regions, the BBMA’s 
sharp and immediate decline in the Central 
Plains following the appearance of WNV 
stands out as the most noteworthy. Similar, 
albeit less dramatic, declines by BBMA were 
also observed in the Front Range, but no 
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    Fig. 4. Blue Jays and White-breasted Nuthatches observed (black circles, before West Nile virus [WNV]; blue cir-
cles, after WNV) versus predicted abundances (solid line, with shaded area representing 95% confidence intervals) 
before and after the emergence of WNV. Predicted values were modeled given conditions before 2002. All abundances 
are adjusted for effort from the hierarchical model analysis and plotted as the average number of birds per Christmas 
Bird Count (CBC) circle in each region.



change in expected abundance was observed 
in the Mountain West. BCCH abundances 
followed a similar pattern, with declines in 
the Central Plains and the Front Range 
immediately after the arrival of WNV; how-
ever, this species was already declining in 
this region before 2002 and observed abun-
dances eventually matched predicted pre-
WNV abundances. BCCH abundances also 
did not change in the East or the Mountain 
West. These regional differences conformed 
to our expectation that changes in abundance 
would not be uniform throughout the study 
area. The lack of change in WBNU abun-
dances met our expectations, as this species is 
not known to be vulnerable to WNV. The lack 
of major declines in WBNU also supports 
our conclusions that WNV is contributing to 
declines of BBMA and, to a lesser extent, 
BCCH. We acknowledge that large-scale 
changes in climate and habitat could also be 
influencing BBMA and BCCH abundances. 
However, if these were the only factors, we 
would expect that shifts in habitat or climate 
would affect species other than BBMA and 
BCCH and that changes would be similar 
across species within each region. 
    Interactions between climate and disease 
emergence may be factors in BBMA popula-
tion declines and may contribute to ongoing 
declines of BCCH. Annual abundance for 
BBMA and BCCH increased with increasing 
annual precipitation across the 84 circles in 
our region. Warmer winters and drier years 
increase WNV transmission (Epstein 2001, 
Deichmeister and Telang 2011), which would 
explain why the most southern and low-eleva-
tion ecological zones in our study saw the 
largest declines in BBMA abundances. Fur-
thermore, the Front Range and the Central 
Plains include areas with high rates of human 
WNV incidence, indicating high exposure of 
the disease to vulnerable bird species as well 
(CDCP 2019). Additionally, BBMA distribu-
tion in the United States is likely limited by 
temperature, and daily activity is restricted 
by high temperatures (Bock and Lepthien 
1975, Kelly et al. 2004). These limitations 
would explain why the circles within the 
Mountain West, areas with consistently cooler 
temperatures and higher precipitation than 
observed in the Central Plains, showed increas-
ing BBMA abundances both before and after 
WNV emergence. However, our basic models 

that tested the effects of average temperature 
and average annual precipitation on 30-year 
abundance trends over such large areas may 
not fully account for climate impacts on each 
species, particularly at smaller scales. Increas-
ing temperatures across regions could be lim-
iting BBMA numbers both by creating indi-
vidual thermal tolerance challenges and by 
increasing WNV transmission. 
    We acknowledge that our analysis encom-
passes an extremely large geographic area, 
with relatively few CBCs given the size of 
the regions as a whole. This lack of CBCs is 
mostly due to the low human population over 
much of the study area, especially the Cen-
tral Plains. Thus, the trends from each region 
are unlikely to capture small-scale changes in 
abundance that may be occurring counter to 
our results. More precise regional data and 
targeted surveys would better illuminate the 
apparent declines in wintering BBMA and 
BCCH. However, the limited coverage given 
the large geographic area may also explain 
why such large declines occurred without 
much notice, and the overall lack of studies 
over much of the study area is another justifi-
cation for our initial efforts at addressing 
BBMA declines. 
    Our results indicate that WNV is likely 
having consequential impacts on certain avian 
species nearly 2 decades after its introduc -
tion into the Western Hemisphere. The par-
ticularly dramatic decline of BBMA in the 
Central Plains is evident at the individual 
count level in many circles within this region. 
For example, the Lake McConaughy CBC in 
western Nebraska tallied an average of 82.4 
(SE = 10.0) BBMAs during the period 1991–
2002, but from 2003 to 2018, the average 
number of BBMAs recorded dropped to 21.5 
(SE = 3.2). Similarly, the same CBC averaged 
39.6 (SE = 15.5) and 7.6 (SE = 2.9) BCCHs 
during the same 2 periods. The overall de -
cline (2.57% annual decrease) in BCCH abun-
dances and BBMA abundances (4.32% annual 
decline) in the Central Plains is a troubling 
indication of the declining number of birds in 
the Great Plains. Future work should con-
tinue to monitor the winter abundances and 
associated trends of these species in this 
region and recognize the multiple risks that 
species at low abundances face, particularly 
the risks of emerging diseases and shifting 
climates. 
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