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ABSTRACT.—Birds inhabiting hot, arid ecosystems contend with trade-offs between heat dissipation and water conservation. As temperatures increase, passerines engage in various behaviors to reduce exposure to heat, solar radiation
and insolation, and reradiation of heat from the ground. These responses to rising temperatures may result in subordination of reproductive urgency or nutrient acquisition to the need for thermoregulation. During studies on Arizona
Grasshopper Sparrow (Ammodramus savannarum ammolegus) life history and ecology, we noted that these sparrows
abandoned territoriality and foraging behaviors under certain circumstances in favor of cooler microsites. In this paper
we document the extreme temperatures to which these and other ground-foraging and ground-nesting birds are
exposed in southwestern desert grasslands, and we present evidence that A. s. ammolegus avoids exposure to extreme
air and ground temperatures by using shrubs as thermal refugia. Our observations have implications for Arizona
Grasshopper Sparrows and other desert grassland passerines in the southwestern United States, where the climate is
projected to become hotter and drier. We provide some of the only behavioral data, and associated temperature data,
associated with the use of thermal refugia by desert grassland birds. We encourage further studies that use more robust
methods to supplement our observational data.
RESUMEN.—Las aves que habitan en ecosistemas cálidos y áridos enfrentan a compensaciones entre la disipación
de calor y la conservación del agua. A medida que aumentan las temperaturas, los paseriformes participan en diversos
comportamientos para reducir la exposición al calor, la radiación solar y la insolación, y la re-radiación de calor que
proviene del suelo. Estas reacciones al aumento de las temperaturas pueden resultar en la subordinación de la urgencia reproductiva o la adquisición de nutrientes que necesitan para la termorregulación. Durante los estudios sobre el
chingolo saltamontes de Arizona (Ammodramus savannarum ammolegus), observamos que estos gorriones abandonaron
los comportamientos de territorialidad y de alimentación bajo ciertas circunstancias a favor de micrositios más fríos.
En este informe de investigación documentamos las temperaturas extremas a las que éstas y otras aves que buscan
comida y anidan en el suelo están expuestas en los pastizales del desierto del suroeste. De igual manera, presentamos
evidencia de que el A. s. ammolegus evita la exposición a temperaturas extremas del aire y del suelo mediante el uso de
arbustos como refugios. Nuestras observaciones tienen implicaciones para el chingolo saltamontes de Arizona y otros
paseriformes de pastizal desérticos en el suroeste de los Estados Unidos, donde se prevé que el clima sea más cálido y
seco. Proporcionamos algunos de los únicos datos de comportamiento, y datos de temperatura asociados, relacionados
con el uso de refugios termales por el ave de pastizal desértico. Alentamos el fomento a más estudios que utilicen
métodos más robustos para complementar nuestros datos de observación.

Birds inhabiting arid desert and grassland
ecosystems in the southwestern United States
contend with the trade-off between heat dissipation to prevent hyperthermia and water
conservation to prevent dehydration (Williams
and Tieleman 2001). As effective environmental temperature (Te) increases while remaining less than body temperature (Tb), passerines engage in various behaviors to reduce
exposure to high temperatures, solar radiation/

insolation, and reradiation of heat from the
ground—all sources of heat stress for birds.
Passerines have the lowest heat tolerance
among studied avian taxa (passerines, columbids, and galliforms; Smith et al. 2017), and
smaller passerine species exhibit lower heat
tolerance than larger species (McKechnie et al.
2017). When temperature increases and water
is limited, survival may depend on redirecting
behavior and physiology toward survival—an
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“emergency life history stage” per Wingfield
et al. (1998).
Passerines, which rely solely on panting for
evaporative heat loss (EHL) at high temperatures, are vulnerable to the warming of arid
regions (Whitfield et al. 2015, McKechnie et
al. 2017, Smith et al. 2017). They may be more
vulnerable than other birds such as nightjars
or doves, which use more efficient evaporative
mechanisms such as gular flutter and cutaneous
evaporation, respectively (Smith et al. 2015,
McKechnie et al. 2016, O’Connor et al. 2017,
Talbot et al. 2017). Passerine responses to higher
temperatures and heat stress include reduced
territorial advertisement (Santee and Bakken
1987); reduced foraging (Smit et al. 2013, Pattinson and Smit 2017, Funghi et al. 2019);
reduced foraging efficiency and success (du
Plessis et al. 2012, Cunningham et al. 2015);
reduced body condition (i.e., reduced mass;
du Plessis et al. 2012, Gardner et al. 2016,
2018); increased amount of time resting, perching, or using cooler, shaded microsites (Wolf
et al. 1996, Williams 2001, Smit et al. 2013,
Cunningham et al. 2015, Martin et al. 2015,
Jacobs 2017, Pattinson and Smit 2017); and
increased time dissipating heat (e.g., panting
and wing-spreading; Wolf et al. 1996, Wolf and
Walsberg 1996, Smit et al. 2013, 2016, Pattinson and Smit 2017, Funghi et al. 2019). Fitness effects of heat stress include reduced
survival (Gardner et al. 2016), negative effects
on nestling development and delayed fledging (Cunningham et al. 2013), and decreased
daily nest survival (Conrey et al. 2016). In
addition, ground-foraging passerines exhibited greater use of densely shaded sites as
thermal refugia on hot days than arboreal foragers did (Martin et al. 2015).
Range-wide, the Grasshopper Sparrow
(Ammodramus savannarum) is a species of
conservation concern (NABCI 2014, Sauer et
al. 2014, Ruth 2015, Rosenberg et al. 2016).
The desert grasslands of southeastern Arizona, southwestern New Mexico, and northern Sonora, Mexico, are home to breeding populations of the Arizona Grasshopper Sparrow
subspecies (A. s. ammolegus; Vickery 1996, Ruth
2008), which is of concern (USFWS 2008,
NMDGF 2016) in a region predicted to experience extreme drought and warming under
climate change scenarios. Ammodramus savannarum ammolegus is found in open bunchgrass with few shrubs or trees. These cryptic

sparrows spend the majority of their time on
the ground where they forage, nest, and conduct other maintenance behaviors (Ruth and
Skagen 2017). In favorable conditions, they
are rarely seen using the sparse shrubs in their
territory, except when males use a shrub as a
perch for territorial song and display (Ruth
and Skagen 2017). Males vigorously defend
their territories by chasing intraspecific interlopers, and outside of pair interactions and
tending offspring, the species is quite solitary.
While foraging on the ground in relatively open desert grasslands, and when males
perch on shrubs or tall grasses, A. s. ammolegus individuals are exposed to intense solar
radiation, extreme temperatures at and just
above ground level, and radiant heat from open
ground, as has been documented in other
desert species (Walsberg 2000). Ammodramus savannarum ammolegus exhibits several
adaptations to mitigate the effects of the heat
and aridity to which it is exposed: (1) it is
smaller than subspecies farther north (Ruth
2017), possibly facilitating heat loss following Bergmann’s rule (Ashton 2002); (2) mating
pairs delay nest initiation until the arrival of
monsoons in July and August (Corman and
Wise-Gervais 2005, Ruth 2017, Ruth and Skagen 2018); (3) females construct domed nests
beneath bunchgrass clumps with openings oriented to the north, away from solar radiation
and prevailing winds (Long et al. 2009, Ruth
2017, Ruth and Skagen 2017); and (4) males
limit their territorial song period to early
morning, avoiding the heat of the day (J.M.
Ruth personal observation). In addition, during our A. s. ammolegus life history and ecology studies, we noted that birds occasionally
abandoned territoriality and foraging to perch
in sparsely distributed shrubs. We present here
data associated with this “birds in bushes”
behavior. Our natural history observations
supplement the growing base of physiological
research on avian thermoregulation in arid
systems, as cited above, which has largely been
conducted in laboratories. Our study aimed to
determine whether A. s. ammolegus individuals were using shrubs as thermal refugia in
response to factors associated with temperature and solar radiation.
The desert grasslands in southeastern Arizona include semidesert grassland interspersed
in a mosaic with plains grassland (Brown and
Makings 2014). The main ecological driver is
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drought/precipitation (Askins et al. 2007).
These data were collected in Santa Cruz
County, Arizona, in the Davis Pasture, administered by the Bureau of Land Management
(BLM) as part of the Las Cienegas National
Conservation Area (NCA) (Davis Pasture:
1560 ha, 31.70° N, 110.60° W, elevation 1430 m),
just east of Sonoita, Arizona. We worked on a
randomly selected, open grassland portion of
the study site of approximately 67 ha.
The climate experienced by A. s. ammolegus is dry, hot, and sunny (Askins et al. 2007).
Long-term weather data from a similar site
∼13 km away showed mean annual precipitation of 454 mm, with 55% of this precipitation
occurring during the months of July through
September, a mean daily summer temperature (summer = June–August) of 23.8 °C, and
a mean daily summer maximum temperature
of 31.6 °C (Audubon Research Ranch, based
on NOAA 1981–2010 Normals; Arguez et al.
2012). Solar radiation/insolation is an important component of the conditions to which
A. s. ammolegus individuals are exposed. Direct
normal irradiance (DNI) is the amount of
solar radiation received per unit area by a
surface held perpendicular to the rays of the
sun. The multiyear Physical Solar Model’s
DNI of 7.6 kWh/m2 per day for Sonoita, Arizona, (Department of Energy, National Renewable Energy Lab’s National Solar Radiation
Database, https://maps.nrel.gov/nsrdb-viewer)
is very similar to the DNI values for the Sonoran Desert. A portion of the solar radiation
hitting an object (in this case either the sparrow or the ground) is absorbed, increasing its
temperature. In the absence of site-specific
DNI values, we used ground temperature as
both a measure of the heat being reradiated
from the ground and an index of the insolation
to which the sparrows were exposed.
We began collecting data in 2007 to learn
more about “birds in bushes” behavior. We
identified 20–30 shrubs and monitored them
in the summers of 2007 and 2011–2013 at
varying times of day. We located shrubs along
the dirt track that bisects Davis Pasture from the
gate at Hwy. 82 to the gate at Lower Elgin
Road. The number of shrubs monitored varied by year as individual shrubs disappeared
or were added to increase sample size. We
identified each shrub to species and measured dimensions (overall height and widest
diameter) by using a telescoping pole marked
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at 10-cm intervals. We measured distance to
the nearest shrub by using a rangefinder.
We approached the shrub and counted the
number of birds that flushed out. Sparrows
that flew from the shrub were already there;
they did not flush into shrubs upon observer
approach. In fact, this species generally does
not flush into shrubs in response to approaching observers (or predators), but rather flies a
short distance and drops back to the ground
(Pulliam and Mills 1977, Vickery 1996, Ruth
et al. 2014). We identified birds to species or,
when that was not possible, to genus.
When we recorded bird observations, we
also used the probe on an EXTECH hygrothermometer + infrared thermometer to record
the following air temperature and relative
humidity measures (2007; 2011–2012): (1) air
temperature (not in direct sun) and relative
humidity (not in direct sun)—both measured
at chest height (approximately 1.2 m) in the
shadow cast by the observer—and (2) air temperature in the shrub and relative humidity in
the shrub—both measured within the shrub
at about 10 cm off the ground. We used the
EXTECH infrared thermometer with laser
sensor to measure the following ground temperatures (2011–2013): (1) ground temperature in direct sun (on bare ground) and (2)
ground temperature beneath the shrub.
Twenty-six (87%) of the 30 shrubs we monitored in 2011–2013 (Fig. 1) were velvet mesquite (Prosopis velutina); the others were elderberry (Sambucus spp.; n = 2), apricot (Prunus
armeniaca; n = 1), and Arizona cypress (Hesperocyparis arizonica; n = 1). In 2011, the
year with the most complete shrub measurement data set for the mesquite shrubs, mean
dimension (SD; range) values were as follows:
shrub height = 1.8 m (0.5 m; 0.8–2.7 m);
width = 2.0 m (0.6 m; 0.9–3.1 m); and distance to the nearest shrub = 60.2 m (51.9 m;
15–228 m). See Supplementary Materials 1
and 2 for photos and dimensions of all monitored shrubs.
We measured air temperatures ranging
between 21.5 °C and 44.8 °C (2007, 2011–
2012). On 20 of the sampled days, air temperatures exceeded 35 °C. We measured ground
temperatures in direct sun ranging between
14 °C and 84 °C (2011–2013). On 19 of the
sampled days, ground temperatures exceeded
50 °C, indicating the extremes to which Grasshopper Sparrows were exposed.
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Fig. 1. Example photographs of the sparsely distributed shrubs (clockwise from top left — Shrubs #4, #13, #14, and
#19) monitored for sparrows on the Davis Pasture, BLM Las Cienegas National Conservation Area, Santa Cruz County,
Arizona. Photographs were taken in July 2011 by Janet M. Ruth.

On multiple occasions, when air temperatures exceeded about 35 °C, we observed
increasing numbers of Grasshopper Sparrows
occupying isolated shrubs (Supplementary
Material 3), apparently having suspended foraging and territorial advertisement and defense
activities. Often in quick response to apparent
changes in insolation and temperature (e.g.,
as cloud shadows moved across the landscape), these individuals left surrounding territories to perch in these shrubs. Birds initially flew into the tops of the shrubs, where
they exhibited cooling behaviors such as lifting their wings away from their bodies and
panting. They gradually worked their way
down to perch in the shadow of a branch and
eventually moved into the foliage-shaded areas

of the shrub and the ground beneath. We
recorded as many as 20 Grasshopper Sparrows flushing from a single shrub over the
course of the study. We also regularly recorded
Botteri’s Sparrow (Peucaea botterii), Cassin’s
Sparrow (P. cassinii), and Eastern Meadowlark
(Sturnella magna lilianae) using the same
shrubs, although in smaller numbers. The
Grasshopper Sparrows were also quite persistent in their use of a shrub. When observers
approached a shrub and flushed sparrows
from it, the birds flew in circles around the
observer; as soon as the observer moved away
from the shrub (by as little as 5–10 m), they
returned to the shelter of the shrub.
On one occasion, when we approached a
shrub to count flushed birds and record
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Cloud and its shadow moved off; shrub and surrounding area exposed to full sun
3 GRSPs flew in—1 GRSP flew in low and hopped up
to middle; 2 GRSPs flew in high
3 more GRSPs flew in high
2 more GRSPs flew in; all visible GRSPs perched in
shadows of branches or leaves; those perched high
were panting; those near the ground were not
3 more GRSPs entered—1 GRSP came in on the
ground below the shrub; 2 flew in high; visible birds
were panting
Visible GRSPs high in the shrub were panting and had
their eyes closed; 1 GRSP dropped from a high perch
to the ground and crawled in below the shrub
All but 3 GRSPs (1 high, 2 in middle) were low in the
shrub and invisible
1 more GRSP flew in; all visible GRSPs in the middle of
the shrub perched in the shade of a branch or leaves
Observers approached the shrub and flushed 16 GRSPs—
4 from the middle, and 12 from low in the shrub
(we obviously missed a few that flew or walked in
from the back!)

Observers approached shrub and flushed 2 GRSPs—
1 high, 1 low

Observations

Air temp, 42.4 °C; ground temp in open (full sun), 81 °C;
ground temp beneath shrub, 40 °C; difference in ground
temperatures, 41 °C

Air temp, 39.4 °C; ground temp in open, 48 °C;
ground temp beneath shrub, 37 °C; difference
in ground temperatures, 11 °C

Temperature data

♦

3

0
0

2

No. of GRSPs
in shrub

TABLE 1. Numbers and behavior of Grasshopper Sparrows (GRSPs) recorded at Shrub #14 over 19 min during the afternoon of 16 July 2011. GRSP position in the shrub is
described as low, middle, or high. See Fig. 1 for a photo of Shrub #14.
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Relative humidity (%)
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Air temperature (°C)
Fig. 2. Relative humidity outside the shrub (not in direct sun) versus air temperature outside the shrub (not in direct
sun); n = 521.

temperatures, the shrub and surrounding area
were in a cloud shadow (not experiencing
direct sun). We then moved away from the
shrub to observe from a distance with binoculars. We were able to document what happened over a short time period as the cloud
moved off and the shrub and surrounding
area were once more exposed to direct sunlight (Table 1). Within 3 minutes of sun exposure, there were 11 Grasshopper Sparrows in
or beneath the shrub, and at 13 minutes after
sun exposure, when observers approached the
shrub, 16 individuals flushed out (see Table 1
for the time details). These 16 adults represented pairs from at least 8 territories.
We plotted associations among air temperature, ground temperature, relative humidity,
and bird numbers. These observational data
did not warrant more sophisticated statistical
analyses but increased our understanding of
the “birds in bushes” behavior. We excluded
data for the apricot and Arizona cypress trees
but retained data for the mulberry and mesquites because the structure of apricot and
cypress were tree-like (single trunk and no
foliage near the ground), whereas mesquites
and mulberry exhibited a shrub-like form (with
multiple stems and foliage at or near the
ground). We were concerned that the birds
would use shrubs and trees differently due
to this structural difference, but we did not
have a large enough sample of trees to test
that possibility.
Air temperature in the shrub at 10 cm
above ground level was directly proportional

(slope = 1.00) to air temperature outside the
shrub (not in direct sun) (Supplementary
Material 4A); relative humidity in the shrub
was also directly proportional (slope = 0.99)
to relative humidity outside the shrub (Supplementary Material 4B). Relative humidity
was inversely proportional to air temperature
(Fig. 2; slope = −0.36). We know that
absolute humidity can be important in thermoregulation—setting the gradient for evaporative cooling (Walsberg 2000)—and that
evaporative water loss is less effective as relative humidity increases (Gerson et al. 2014).
However, because of the close associations
we found between air temperatures and relative humidity, in subsequent graphs we used
air temperature (not in direct sun) to represent all measures of air temperature and relative humidity.
As the day progressed, all measures of temperature (air temperature not in direct sun,
ground temperature in direct sun, and ground
temperature beneath a shrub) increased initially and then declined or plateaued (Fig. 3).
The most striking association between time
of day and temperature was for ground temperature in direct sun, where the curve was
steepest and reached strikingly high temperatures of 70–84 °C. In an associated pattern, as
air temperature increased, ground temperature in direct sun increased exponentially,
whereas ground temperature beneath shrubs
increased at a much slower rate (Fig. 4). As a
result, as air temperature increased, the difference between ground temperature beneath
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Temperature (°C)
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Time of day
Fig. 3. Three measures of temperature (air temperature outside the shrub [not in direct sun], ground temperature
beneath the shrub, and ground temperature in direct sun) versus time of day; n = 399.

a shrub and in direct sunlight increased,
although the difference began to plateau at
the highest air temperatures (Fig. 4).
Given the striking differences in ground
temperature beneath shrubs compared to
ground temperature in full sunlight as air temperature increased, we compared the numbers of Grasshopper Sparrows using shrubs
with the difference between ground temperature in direct sun and beneath shrubs. The
number of sparrows in shrubs was positively
associated with the difference between ground
temperature in direct sun and beneath shrubs
(Fig. 5). All incidents of >5 sparrows flushed
from a shrub occurred when that difference
exceeded 15 °C.
In this paper we documented the extreme
temperatures to which Arizona Grasshopper
Sparrows were exposed in the summer and
identified ways that this exposure influenced
the birds’ thermoregulatory behavior. Daytime temperatures (Figs. 3, 4) were similar to
those in the Sonoran Desert (Walsberg 2000).

We showed that as air and ground temperatures increased, sparrows (1) abandoned territories, (2) suspended advertisement, defense
of territories, and foraging, and (3) sheltered in
shrubs with other sparrows. These are unusual
behaviors for a solitary, territorial species. Our
observations are consistent with use of thermal refugia by small-bodied birds in the Sonoran (Wolf et al. 1996) and Karoo Deserts (Pattinson and Smit 2017), where selection of
cooler microsites can have a profound effect
on conditions to which birds are exposed.
Arizona Grasshopper Sparrows appear to
be employing this “birds in bushes” behavior
to minimize their exposure to high air temperatures, insolation, and heat radiated back
from the ground when Te < Tb. Use of thermal refugia is especially associated with times
when the difference between ground temperature in direct sun and beneath shrubs is
greatest. During the hottest times of day,
ground temperatures in direct sun can reach
80 °C. Shade provided by shrub foliage and

WESTERN NORTH AMERICAN NATURALIST (2020), VOL. 80 NO. 2, PAGES 265–275

Measures of ground temperature (°C)
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Air temperature (°C) – not in direct sun

No. of GRSPs flushed from shrub

Fig. 4. Three measures of ground temperature (in direct sun, beneath the shrub, and the difference between ground
temperature in direct sun and beneath the shrub) versus air temperature outside the shrub (not in direct sun); n = 399.

Difference between ground temperatures (°C) in sun and under shrub
Fig. 5. Number of Grasshopper Sparrows (GRSPs) flushed from the shrub versus the difference between ground
temperature in direct sun and beneath the shrub; n = 605.

branches, and the lower ground temperatures beneath them, provide sought-after
thermal refugia. The shrub did not have to be
very large or have dense foliage in order to
provide a refugium (Fig. 1; Supplementary

Materials 1 and 2). Such behaviors exhibit
the species’ hierarchy of needs, given that
use of thermal refugia comes with tradeoffs
and consequences to survival and reproductive success.
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Our observations have implications for a
warming climate and its impact on Arizona
Grasshopper Sparrows. Small-bodied birds in
arid ecosystems often survive near their
physiological tolerances for heat and dehydration (Wolf and Walsberg 1996, Whitfield
et al. 2015). Once Te > Tb , the behavioral
adaptations documented in this study will no
longer be effective, and EHL will be the only
avenue for heat dissipation (Calder and King
1974) to maintain Tb below lethal levels. The
climate in the southwestern United States is
projected to become hotter, and many models
predict reduced rainfall, increased aridity, or
changes in seasonality (Coe et al. 2012, Finch
2012, Bagne and Finch 2013). Increased frequency, intensity, duration, and spatial extent
of droughts and heat waves are also predicted
(Finch 2012, Garfin et al. 2013). If Arizona
Grasshopper Sparrows are operating near the
limits of their physiological tolerances, these
climatic changes may lead to increases in
mortality (McKechnie and Wolf 2010) and
negative impacts on survival, even at temperatures below those associated with mortality
(McKechnie et al. 2012, Cunningham et al.
2013, Gardner et al. 2016).
Our information provides some of the only
behavioral data and associated temperature
data that we are aware of regarding use of
thermal refugia by desert grassland birds. We
encourage further studies that use more robust
field-based behavior and temperature data
collection methods and analyses (e.g., Edwards
et al. 2015, Martin et al. 2015, Smit et al.
2016, Pattinson and Smit 2017) to document
how desert grassland birds are responding to
thermoregulatory challenges.
SUPPLEMENTARY MATERIALS
Four online-only supplementary files accompany this article (https://scholarsarchive.byu
.edu/wnan/vol80/iss2/15).
SUPPLEMENTARY MATERIAL 1. Photos of 28 shrubs
monitored for sparrows on the Davis Pasture, BLM
Las Cienegas National Conservation Area, Santa
Cruz County, Arizona.
SUPPLEMENTARY MATERIAL 2. Species, dimensions, and distance to nearest shrub of the 28 shrubs
monitored for sparrows on the Davis Pasture,
BLM Las Cienegas National Conservation Area,
Santa Cruz County, Arizona.
SUPPLEMENTARY MATERIAL 3. Photos of Arizona
Grasshopper Sparrows using mesquite and elder-
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berry as thermal refugia on hot days and exhibiting wing-spreading behavior for cooling.
SUPPLEMENTARY MATERIAL 4. A, Air temperature
in the shrub at 10 cm above ground level versus air
temperature (not in direct sun); n = 473. B, Relative humidity in the shrub at 10 cm above ground
level versus relative humidity (ambient); n = 521.

ACKNOWLEDGMENTS
We thank field technicians Raymond VanBuskirk and Jason Kitting. The BLM provided
access to the Las Cienegas NCA. Research
was funded by the BLM’s National Landscape
Conservation System (NLCS) science program and the U.S. Geological Survey (USGS).
Any use of trade, firm, or product names is for
descriptive purposes only and does not imply
endorsement by the U.S. Government. This
paper has been peer reviewed and approved
for publication consistent with USGS Fundamental Science Practices (https://pubs.usgs
.gov/circ/1367). The data associated with this
paper are available through USGS ScienceBase (https://doi.org/10.5066/P9TMPE76).
LITERATURE CITED
ARGUEZ, A., I. DURRE, S. APPLEQUIST, R.S. VOSE, M.F.
SQUIRES, X. YIN, R.R. HEIM JR., AND T.W. OWEN.
2012. NOAA’s 1981–2010 U.S. climate normals: an
overview. Bulletin of the American Meteorological
Society 93:1687–1697.
ASHTON, K.G. 2002. Patterns of within-species body
size variation of birds: strong evidence for Bergmann’s rule. Global Ecology and Biogeography 11:
505–523.
ASKINS, R.A., F. CHÁVEZ-RAMÍREZ, B.C. DALE, C.A. HAAS,
J.R. HERKERT, F.L. KNOPF, AND P.D. VICKERY. 2007.
Conservation of grassland birds in North America:
understanding ecological processes in different
regions. Ornithological Monographs 64:1–52.
BAGNE, K.E., AND D.M. FINCH. 2013. Vulnerability of
species to climate change in the Southwest: threatened, endangered, and at-risk species at Fort
Huachuca, Arizona. USDA Forest Service General
Technical Report RMRS-GTR-302. 183 pp.
BROWN, D.E., AND E. MAKINGS. 2014. A guide to North
American grasslands. Desert Plants 29:1–158.
CALDER, W.A., AND J.R. KING. 1974. Thermal and caloric
relations of birds. Pages 259–413 in D.S. Farner and
J.R. King, editors, Avian Biology, Volume 4. Academic Press, New York, NY.
COE, S.J., D.M. FINCH, AND M.M. FRIGGENS. 2012. An
assessment of climate change and vulnerability of
wildlife in the Sky Islands of the Southwest. USDA
Forest Service General Technical Report RMRSGTR-273. 208 pp.
CONREY, R.Y., S.K. SKAGEN, A.A. YACKEL ADAMS, AND A.O.
PANJABI. 2016. Extremes of heat, drought and precipitation depress reproductive performance in shortgrass prairie passerines. Ibis 158:614–629.

274

WESTERN NORTH AMERICAN NATURALIST (2020), VOL. 80 NO. 2, PAGES 265–275

CORMAN, T.E., AND C. WISE-GERVAIS. 2005. Arizona
breeding bird atlas. University of New Mexico Press,
Albuquerque, NM. 636 pp.
CUNNINGHAM, S.J., R.O. MARTIN, AND P.A.R. HOCKEY.
2015. Can behaviour buffer the impacts of climate
change on an arid-zone bird? Ostrich 86:119–126.
CUNNINGHAM, S.J., R.O. MARTIN, C.L. HOJEM, AND P.A.R.
HOCKEY. 2013. Temperatures in excess of critical
thresholds threaten nestling growth and survival in a
rapidly-warming arid savanna: a study of Common
Fiscals. PLOS ONE 8(9):e74613. 10 pp.
DU PLESSIS, K.L., R.O. MARTIN, P.A.R. HOCKEY, S.J. CUNNINGHAM, AND A.R. RIDLEY. 2012. The costs of keeping cool in a warming world: implications of high
temperatures for foraging, thermoregulation and
body condition of an arid-zone bird. Global Change
Biology 18:3063–3070.
EDWARDS, E.K., N.J. MITCHELL, AND A.R. RIDLEY. 2015.
The impact of high temperatures on foraging behaviour and body condition in the Western Australian
Magpie (Cracticus tibicen dorsalis). Ostrich 86:
137–144.
FINCH, D.M., EDITOR. 2012. Climate change in grasslands,
shrublands, and deserts of the interior American
West: a review and needs assessment. USDA Forest
Service General Technical Report RMRS-GTR-285.
139 pp.
FUNGHI, C., L.S.C. MCCOWAN, W. SCHUETT, AND S.C.
GRIFFITH. 2019. High air temperatures induce temporal, spatial and social changes in the foraging behaviour of wild zebra finches. Animal Behaviour 149:
33–43.
GARDNER, J.L., T. AMANO, W.J. SUITHERLAND, M. CLAYTON, AND A. PETERS. 2016. Individual and demographic consequences of reduced body condition
following repeated exposure to high temperatures.
Ecology 97:786–795.
GARDNER, J.L., E. ROWLEY, P. DE REBEIRA, A. DE REBEIRA,
AND L. BROUWER. 2018. Associations between
changing climate and body condition over decades
in two Southern Hemisphere passerine birds. Climate Change Responses 5:art2. 14 pp.
GARFIN, G., A. JARDINE, R. MERIDETH, M. BLACK, AND S.
LEROY, EDITORS. 2013. Assessment of climate change
in the southwest United States: a report prepared for
the National Climate Assessment. Island Press,
Washington, DC. 506 pp.
GERSON, A.R., E.K. SMITH, B. SMIT, A.E. MCKECHNIE,
AND B.O. WOLF. 2014. The impact of humidity on
evaporative cooling in small desert birds exposed to
high air temperatures. Physiological and Biochemical Zoology 87:782–795.
JACOBS, D.L. 2017. Extreme heat: assessing impacts of
heat and microclimate on birds of the Sonoran
Desert. Master’s thesis, Geography, University of
Nevada, Reno, NV. 92 pp.
LONG, A.M., W.E. JENSEN, AND K.A. WITH. 2009. Orientation of Grasshopper Sparrow and Eastern Meadowlark nests in relation to wind direction. Condor 111:
395–399.
MARTIN, R.O., S.J. CUNNINGHAM, AND P.A.R. HOCKEY.
2015. Elevated temperatures drive fine-scale patterns of habitat use in a savanna bird community.
Ostrich 86:127–135.
MCKECHNIE, A.E., A.R. GERSON, T.J. MCWHORTER, E.K.
SMITH, W.A. TALBOT, AND B.O. WOLF. 2017. Avian
thermoregulation in the heat: evaporative cooling in

five Australian passerines reveals within-order biogeographic variation in heat tolerance. Journal of
Experimental Biology 220:2436–2444.
MCKECHNIE, A.E., P.A.R. HOCKEY, AND B.O. WOLF. 2012.
Feeling the heat: Australian landbirds and climate
change. Emu 112:i–vii.
MCKECHNIE, A.E., M.C. WHITFIELD, B. SMIT, A.R. GERSON, E.K. SMITH, W.A. TALBOT, T.J. MCWHORTER,
AND B.O. WOLF. 2016. Avian thermoregulation in
the heat: efficient evaporative cooling allows for
extreme heat tolerance in four Southern Hemisphere columbids. Journal of Experimental Biology 219:2145–2155.
MCKECHNIE, A.E., AND B.O. WOLF. 2010. Climate change
increases the likelihood of catastrophic avian mortality events during extreme heat waves. Biology Letters 6:253–256.
[NMDGF] NEW MEXICO DEPARTMENT OF GAME AND
FISH. 2016. Threatened and endangered species of
New Mexico: 2016 biennial review. New Mexico
Department of Game and Fish, Wildlife Management and Fisheries Management Divisions, Santa
Fe, NM. 153 pp.
[NABCI] NORTH AMERICAN BIRD CONSERVATION INITIATIVE U.S. COMMITTEE. 2014. The state of the birds
2014 report. U.S. Department of the Interior, Washington, DC. 15 pp.
O’CONNOR, R.S., B.O. WOLF, R.M. BRIGHAM, AND A.E.
MCKECHNIE. 2017. Avian thermoregulation in the
heat: efficient evaporative cooling in two southern
African nightjars. Journal of Comparative Physiology B 187:477–491.
PATTINSON, N.B., AND B. SMIT. 2017. Seasonal behavioral
responses of an arid-zone passerine in a hot environment. Physiology and Behavior 179:268–275.
PULLIAM, H.R., AND G.S. MILLS. 1977. The use of space
by wintering sparrows. Ecology 58:1393–1399.
ROSENBERG, K.V., J.A. KENNEDY, R. DETTMERS, R.P. FORD,
D. REYNOLDS, J.D. ALEXANDER, C.J. BEARDMORE, P.J.
BLANCHER, R.E. BOGART, G.S. BUTCHER, ET AL.
2016. Partners in Flight Landbird Conservation
Plan: 2016 Revision for Canada and Continental
United States. Partners in Flight Science Committee. 119 pp.
RUTH, J.M. 2008. Distribution and abundance of breeding
Arizona Grasshopper Sparrow (Ammodramus savannarum ammolegus) in the southwestern United
States: past, present, and future. Studies in Avian
Biology 37:113–124.
RUTH, J.M. 2015. Status assessment and conservation plan
for the Grasshopper Sparrow (Ammodramus savannarum). Version 1.0. U.S. Fish and Wildlife Service,
Lakewood, CO.
RUTH, J.M. 2017. Life history attributes of Arizona Grasshopper Sparrow (Ammodramus savannarum ammolegus) compared with other North American subspecies. American Midland Naturalist 178:64–81.
RUTH, J.M., AND S.K. SKAGEN. 2017. Territory and nest
site selection patterns by Grasshopper Sparrows in
southeastern Arizona. Condor 119:469–483.
RUTH, J.M., AND S.K. SKAGEN. 2018. Reproductive response
of Arizona Grasshopper Sparrows to weather patterns
and habitat structure. Condor 120:596–616.
RUTH, J.M., T.R. STANLEY, AND C.E. GORDON. 2014. Associations of wintering birds with habitat in semidesert
and plains grasslands in Arizona. Southwestern Naturalist 59:199–211.

RUTH ET AL.

♦

GRASSLAND BIRD BEHAVIOR IN THE HEAT

SANTEE, W.R., AND G.S. BAKKEN. 1987. Social displays in
Red-winged Blackbirds (Agelaius phoeniceus): sensitivity to thermoregulatory costs. Auk 104:413–420.
SAUER, J.R., J.E. HINES, J.E. FALLON, K.L. PARDIECK, D.J.
ZIOLKOWSKI JR., AND W.A. LINK. 2014. The North
American Breeding Bird Survey, results and analysis
1966–2012. Version 02.19.2014. USGS Patuxent Wildlife Research Center, Laurel, MD.
SMIT, B., C.T. HARDING, P.A.R. HOCKEY, AND A.E. MCKECHNIE. 2013. Adaptive thermoregulation during
summer in two populations of an arid-zone passerine. Ecology 94:1142–1154.
SMIT, B., G. ZIETSMAN, R.O. MARTIN, S.J. CUNNINGHAM,
A.E. MCKECHNIE, AND P.A.R. HOCKEY. 2016. Behavioural responses to heat in desert birds: implications
for predicting vulnerability to climate warming. Climate Change Responses 3:art9. 14 pp.
SMITH, E.K., J. O’NEILL, A.R. GERSON, A.E. MCKECHNIE,
AND B.O. WOLF. 2017. Avian thermoregulation in the
heat: resting metabolism, evaporative cooling and
heat tolerance in Sonoran Desert songbirds. Journal
of Experimental Biology 220:3290–3300.
SMITH, E.K., J. O’NEILL, A.R. GERSON, AND B.O. WOLF.
2015. Avian thermoregulation in the heat: resting
metabolism, evaporative cooling and heat tolerance
in Sonoran Desert doves and quail. Journal of Experimental Biology 218:3636–3646.
TALBOT, W.A., T.J. MCWHORTER, A.R. GERSON, A.E. MCKECHNIE, AND B.O. WOLF. 2017. Avian thermoregulation in the heat: evaporative cooling capacity of
arid-zone Caprimulgiformes from two continents.
Journal of Experimental Biology 220:3488–3498.
[USFWS] UNITED STATES FISH AND WILDLIFE SERVICE.
2008. Birds of conservation concern 2008. U.S.
Department of the Interior, Fish and Wildlife Service, Division of Migratory Bird Management, Arlington, VA.

275

VICKERY, P.D. 1996. Grasshopper Sparrow (Ammodramus
savannarum), version 2.0. In: A.F. Poole and F.B.
Gill, editors, The Birds of North America. Cornell
Lab of Ornithology, Ithaca, NY.
WALSBERG, G.E. 2000. Small mammals in hot deserts: some
generalizations revisited. BioScience 50:109–120.
WHITFIELD, M.C., B. SMIT, A.E. MCKECHNIE, AND B.O.
WOLF. 2015. Avian thermoregulation in the heat:
scaling of heat tolerance and evaporative cooling
capacity in three southern African arid-zone passerines. Journal of Experimental Biology 218:1705–1714.
WILLIAMS, J.B. 2001. Energy expenditure and water flux
of free-living Dune Larks in the Namib: a test of the
reallocation hypothesis on a desert bird. Functional
Ecology 15:175–185.
WILLIAMS, J.B., AND B.I. TIELEMAN. 2001. Physiological
ecology and behavior of desert birds. Current
Ornithology 16:299–353.
WINGFIELD, J.C., D.L. MANEY, C.W. BREUNER, J.D.
JACOBS, S. LYNN, M. RAMENOFSKY, AND R.D. RICHARDSON. 1998. Ecological bases of hormone-behavior
interactions: the “emergency life history stage.” American Zoologist 38:191–206.
WOLF, B.O., AND G.E. WALSBERG. 1996. Respiratory and
cutaneous evaporative water loss at high environmental temperatures in a small bird. Journal of
Experimental Biology 199:451–457.
WOLF, B.O., K.M. WOODEN, AND G.E. WALSBERG. 1996.
The use of thermal refugia by two small desert birds.
Condor 98:424–428.
Received 1 August 2019
Revised 27 January 2020
Accepted 14 February 2020
Published online 17 July 2020

