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THERMAL EFFECTS OF RADIATION AND WIND ON A SMALL BIRD AND

IMPLICATIONS FOR MICROSITE SELECTION!

BLAIR O. WOLF? AND GLENN E. WALSBERG
Department of Zoology, Arizona State University, Tempe, Arizona 85287-1501 USA

Abstract. The physical environmental factors (air temperature, solar radiation, wind
speed) that define specific microclimates and their effects on water and energy budgets of
small birds are of major importance to our understanding of avian thermal biology. We
examined the effects of solar radiation, wind speed, and their interaction on metabolic rates
in the Verdin, Auriparus flaviceps. Daytime resting metabolic rates and evaporative water
loss rates as a function of air temperature, as well as basal metabolic rate, were also measured
to allow estimation of water and energy flux rates in diverse microclimates.

In the absence of solar radiation, as wind speed was increased from 0.4 to 3.0 m/s,
metabolic rate increased 14%. Exposure to simulated solar radiation significantly reduced
metabolic heat production at all wind speeds measured except 3.0 m/s. Solar heat gain
(SHG) was estimated for an irradiance of 1000 W/m?, similar to that commonly observed
in nature. At 0.4 m/s wind speed and 1000 W/m? irradiance, SHG may reduce metabolic
rate by 46%. SHG declines precipitously as wind speed is increased, and at 3.0 m/s,
metabolic rate is only reduced by 3%.

Analyses of changes in thermostatic costs associated with microclimate selection in winter
suggest that Verdins may reduce metabolic rate by as much as 50% by shifting from a
shaded, windy site to one protected from the wind and exposed to 1000 W/m? solar radiation.
Similar analyses for Verdins during the summer suggest that microsite selection can result
in significant water savings. By remaining out of the sun and wind, Verdins can reduce
their rate of evaporative water loss by at least a factor of four. This analysis clearly dem-
onstrates the potential importance of daytime microclimate selection to balancing water

and energy budgets in small birds.
Key words:

Auriparus flaviceps; effects of wind and solar radiation; energetics; microclimate;

microsite selection; thermal biology; thermoregulation; Verdin; water balance.

INTRODUCTION

The physical environmental factors (air temperature,
solar radiation, wind speed) that define specific micro-
climates and their effects on water and energy budgets
of small birds is of major importance to our under-
standing of avian thermal biology (Walsberg 1985,
1993). Basal and thermoregulatory costs in small birds
typically account for 40—60% of total daily energy ex-
penditure (Calder and King 1974, Walsberg 1983).
Consequently, by selecting microclimates that mini-
mize thermoregulatory costs, small birds may reduce
their energy requirements or reallocate conserved time
or energy to other vital processes (Calder 1973, Bar-
tholomew et al. 1976, Buttemer 1985, Walsberg 1985,
1986, 1993, Webb and Rogers 1988). In this investi-
gation, we focus on the effects of solar radiation and
wind speed, as well as their interaction, on the thermal
biology of a very small songbird, the Verdin Auriparus
flaviceps. As a consequence of their small mass and
high surface-area-to-volume ratios, the maintenance of
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high body temperatures in small passerines such as the
Verdin requires high mass-specific rates of energy ex-
penditure. In addition, their low thermal inertia dictates
that small birds must respond rapidly to changes in the
thermal environment if they are to remain homeo-
thermic. No previous study has examined the interac-
tion between convective and radiative heat transfer and
their combined effects on metabolic heat production in
intact animals.

The effects of air temperature on metabolic rates in
birds are well known (Calder and King 1974) and the
effects of wind have also received some scrutiny (But-
temer 1981, Goldstein 1983, Webb and Rogers 1988,
Webster and Weathers 1988, Bakken et al. 1991). How-
ever, only a few studies have examined the effects of
solar radiation on avian metabolic rates (Lustick 1969,
Heppner 1970, Lustick et al. 1970, De Jong 1976), and
their methodology constrains the applicability of sev-
eral of these studies to free-living animals. These in-
vestigations were carried out in the absence of forced
convection and typically used radiation sources that
deviated significantly from solar radiation in their spec-
tral energy distribution. In some, animals were used in
which important properties such as natural plumage
coloration were altered.

In this investigation, we focus on the following ques-
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tions: (1) How does solar radiation and wind speed
affect metabolic heat production in small birds? (2) To
what degree does forced convection affect physiolog-
ically significant solar heat gain? Physiologically sig-
nificant solar heat gain (SHG) is quantified as the de-
crease in metabolic heat production produced by the
animal’s exposure to simulated solar radiation. Simi-
larly, changes in convective heat loss are quantified as
the variation in metabolic heat production produced by
exposure to different wind speeds. Measurements of
basal metabolic rate (BMR) were made to establish a
basis for comparison. Finally, we use operative tem-
perature theory (Bakken 1976) and measurements of
daytime resting metabolic rate (RMR) and evaporative
water loss rate (EWL) as a function of air temperature,
to explore how complex microclimates potentially ef-
fect fluxes of energy and water in free-living birds.

METHODS
Experimental animals

Verdins are very small (=7.0 g) insectivorous pas-
serines that reside year-round in the deserts of the
southwestern United States and northern Mexico. Birds
used for the solar heat gain experiments were captured
from their roost nests in the Superstition Mountains of
central Arizona in May 1993. Verdins used for mea-
surements of RMR, BMR, and EWL were captured in
the Goldfield Mountains during May and June of 1992.
Birds were transported to Tempe, Arizona, where they
were housed individually in BioQuip 0.2-m?3 folding
insect cages in a temperature-controlled environmental
room. The room was reprogrammed weekly to simulate
the current photocycle and thermal regime of the near-
by desert. We maintained birds on a diet of mealworms
and seedless grapes, supplemented once weekly with
vitamins (Webster and Weathers 1988). All birds main-
tained mass while in captivity.

Measurements of daytime resting metabolic rate and
evaporative water loss as a function of air
temperature

Daytime resting metabolic rate (RMR) and rates of
evaporative water loss (EWL) were measured during
August and September of 1992. Measurements were
made simultaneously on four birds using four 600-mL
glass metabolic chambers with inlets connected to a
common supply header. Chambers were housed in a
temperature-controlled room. Air dried with Drierite
was pumped through each chamber at rates of 250-
1200 mL/min. Inlet flow rates for each chamber were
adjusted by Omega model FL3402G-HRV rotameters
to maintain chamber dew points below 7.0°C. Birds
rested quietly on 0.5-cm wire mesh placed 3 cm above
an =~2-cm layer of paraffin oil used for the collection
of fecal material. A 100 mL/min subsample of effluent
gas from each chamber was pumped through a manifold
that directed a sample from one of the chambers past
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a Vaisala humidity probe (Weathermeasure Corpora-
tion, Sacramento, California) accurate to +1% relative
humidity, then through a small column of Drierite and
into an Anarad model AR-411 (Santa Barbara, Cali-
fornia) that determined CO, concentration to *10
rL/L. The CO, analyzer was zeroed and spanned daily
using CO,-free air and a calibration gas known to con-
tain 0.456% CO,. The Vaisala probe was calibrated
daily over saturated solutions of LiCl and NaCl. Cham-
ber air temperature was measured by a 0.4 mm (26
gauge), type-T thermocouple and recorded by a Camp-
bell model CR21x datalogger (Logan, Utah).

RMR and EWL were measured during photophase
for birds sitting in the dark at 10°, 20°, 30°, and from
32° to 48° = 0.75°C in 2° increments. The order of
temperatures selected was randomized. Each bird was
used only once during any 24-h period and the order
in which each bird was used each day was varied at
each temperature. Verdins (n = 12; mean body mass
7.03 £ 0.06 g) were placed in metabolic chambers and
allowed to rest quietly for 30 min before starting mea-
surements, except at 46° and 48°C where birds were
only given 15 min to adjust to the chamber in order to
minimize stress on the animal. During the measurement
period, chamber efflux gases were sequentially sampled
for 7 min each, twice in succession, and the lowest
1-min value of each run was used to determine RMR
and EWL. Instrument signals were recorded on a
Campbell model CR21x datalogger, that averaged the
values for each minute. CO, production was calculated
using Eq. 3 of Walsberg and Wolf (1995). Respiratory
quotient (RQ) was measured in a separate series of
experiments because the high flow rates used in the
wind tunnel experiments precluded accurate measure-
ments of oxygen consumption. Mean daytime RQ
equaled 0.738 (n = 8) as measured from 0.5 to 2.5 h
after removal from food (Walsberg and Wolf 1995).
Based on this value, the thermal equivalent of produced
carbon dioxide is estimated as 26.74 J/mL (Kleiber
1961, Gessaman and Nagy 1988).

Basal metabolic rate measurements

Measurements of basal metabolic rate were made
using the same techniques, apparatus, and birds (n =
12; mean body mass 7.13 * 0.12 g) as described above,
with the following exceptions. Basal metabolic rate was
determined from measurements at 34°, 36°, and 38° *
0.5°C starting 3 h after the onset of darkness. Dry, CO,-
free air flowed through the metabolic chambers at a
controlled rate of 250 mL/min. Oxygen concentration
was determined from a 100-mL/min subsample of
chamber efflux air, after it was dried (Drierite) and
scrubbed of CO, (Ascarite), using an Applied Electro-
chemistry S3a oxygen analyzer (Sunnyvale, California)
calibrated using the procedures of Walsberg and Wolf
(1995). We assumed room air had a fractional oxygen
concentration of 0.2094%. Oxygen consumption was
calculated using Eq. 2 of Hill (1972). Mean nighttime



