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ing on mistletoe in their winter range (Walsberg 1975), of the White-cheeked Bulbul. Omis Stand. 18: 
the much larger gizzards of Phainopeplas collected in 1501-1502. 
their summer range (August and September samples) ANKNEY, C. D. 1977. Feeding and digestive organ 
all held multiple fruits. This method of fruit processing size in breeding Lesser Snow Geese. Auk 94:275- 
is similar to that of nonmistletoe-specializing frugi- 282. 
vores that typically use the gizzard to mechanically 
reduce multiple fruits at a time (Walsberg, unpubl. 
data). This presumably is associated with the easier 
handling characteristics of fruit without the adhesive 
qualities of mistletoes. 

Major restructuring of body components is charac- 
teristic of the annual cycle of many bird species. This 
restructuring can include alteration in plumage, fat re- 
serves, and locomotor muscles (King and Murphy 
1985). The alteration in gizzard size observed in the 
Phainopepla reinforces the view that the avian diges- 
tive tract also can exhibit substantial seasonal restruc- 
turing (e.g., Davis 196 1, Ankney 1977, Al-Dabbagh et 
al. 1987). Although digestive efficiency and rate durinn 
summer monthshavcnot been measured, the altered 
gizzard morphology does suggest that adaptations for 
seasonal dietary specialization may not entail substan- 
tial reduction in the effectiveness of food processing at 
other times of the year. 

This report is a by-product of research supported by 
the National Science Foundation (BSR 85-21501). 
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Communal roosting within a cavity represents an ex- 
treme in microhabitat selection that has been described 
for several bird species (e.g., Knoor 1957, Frazier and 
Nolan 1959, White et al. 1975, Pitts 1976). Although 
such dense and enclosed aggregations of endotherms 
have the potential to importantly alter their local en- 
vironment by elevating temperature, depleting oxygen, 
and generating carbon dioxide, the physiological con- 
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sequences of such behavior are not well-known (Rein- 
ertsen 1988). Such communal roosting can result in 
individuals being directly warmed through contact with 
others as well as experiencing indirect warming asso- 
ciated with heating the air within the cavity and re- 
ducing convective heat loss through the cavity en- 
trance. I report here observations of the thermal and 
gaseous environment within the first reported com- 
munal roost of Black-tailed Gnatcatchers (Polioptila 
melanura), a small (about 5 g) Sonoran Desert insec- 
tivore. 

METHODS AND MATERIALS 
The roost was located along a wash in Vekol Valley, 
Maricopa County, Arizona, at 570 m elevation. The 
wash is a normally dry watercourse passing through a 
desert valley dominated by bursage (Ambrosia du- 
mosa) and creosote bush (Larrea tridenta) with a scat- 
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tering of ocotilla (Fouquieria splendens) and cactus (e.g., 
Ferocactus, Opuntia, Carnegia). The wash edges are 
populated by large shrubs and small trees such as palo 
Verde (Cercidium floridurn), mesquite (Prosopis velu- 
tina), ironwood (Oheya tesota), and catclaw acacia 
(Acacia greggi). 

During December 1989, a group of gnatcatchers 
roosted most nights inside the oval-shaped, domed 
nest of a Verdin (Auriparus jlaviceps) located 2.2 m 
above ground in a catclaw acacia. The approximately 
18-cm nest (outside diameter) had a single entrance 
hole directed slightly downward and was constructed 
of thorny twigs with an interior chamber lined with 
grass and feathers. 

Numbers of birds using the roost were determined 
by arriving at the site prior to dawn and observing the 
nest entrance from about 15 m with the aid of bin- 
oculars and a telescope. The birds were counted at 
dawn as they emerged from the roost. 

Temperature within the roost was determined hourly 
between 17:00 MST and 08:OO MST using four 24-ga. 
copper/constantan thermocouples attached at 1 -cm in- 
tervals along a 3-mm diameter wooden rod. The rod 
was inserted through the nest walls such that the ther- 
mocouples were centered in the nest cavity. The ther- 
mocouples were connected in series so that the result- 
ing signal represented the average temperature of the 
four thermocouples. Air temperature was measured 
simultaneously using a shielded 24-ga. thermocouple 
placed at nest height and within 0.5 m of the roost. 
Temperatures were recorded using a Li-Cor LIlOOO 
data logger. Local apparent sunrise and sunset occurred 
at approximately 08:15 MST and 17: 15 MST. Addi- 
tionally, heavy vegetation shaded the nest for several 
hours prior to sunset. Thus, roost temperatures should 
not be importantly influenced by solar heating. 

The gaseous environment within the roost was sam- 
pled by connecting a 2-mm diameter polyethylene tube 
from outside of the nest to the wooden rod in the center 
of the nest cavity. A syringe was used to withdraw 60 
ml of air from within the nest at 06:30 MST. auurox- __ 
imately 1 hr before sunrise. The initial lo-ml sample 
was discarded to avoid contamination by air contained 
within the tubing. Air from the general atmosphere 
outside of the nest was simultaneously collected for 
comparison. The sealed syringes were returned to the 
laboratory at Arizona State University. Oxygen con- 
tent was measured within 2 hr of collection by injecting 
samples through a train of H,O and CO, absorbants 
(silica gel and Ascarite, respectively) into an Applied 
Electrochemistry S3a oxygen analyzer. Dry air from 
the open atmosphere was used as a standard and as- 
sumed to contain 20.93% 0, and 0.04% CO,. 

In contrast to the modest changes in gas concentra- 
tions, roost temperature was elevated 8&C-30.2”C 
(average = 21.O”C) above that of the surrounding air 
during the period in which the nest was occupied (18:00- 
07:00 MST; Fig. 1). Such high temperatures should 
produce major energetic savings to roosting gnatcatch- 
ers. The relation of metabolism to environmental tem- 
perature (TA) has not been measured in this species, ’ 
but can be estimated assuming a typical body mass of 
5 g (Weathers 1983) and using the allometric equations 
of Aschoff and Pohl(l970) and Calder and Ring (1974). 
Equation 13 of Calder and Ring predicts a whole-body 
thermal conductance (h) of 0.011 W “C-l. Assuming 
that body temperature (T,J equals 40°C standard met- 
abolic rate below thermal neutrality may be predicted 
as 

RESULTS AND DISCUSSION 

NUMBERS OF OCCUPANTS 

The nest was observed for five calm, clear nights in 
December. On three of these nights, the roost was oc- 
cupied by 15 birds (two nights) or 16 birds (one night). 
The birds entered the roost asynchronously over ap- 
proximately 15- to 25-min periods between sunset and 
the end of dusk. Most birds emerged from the roost 
nearly simultaneously within a l- to 3-min period at 
dawn prior to sunrise, although a few individuals strag- 

M = h(T, - TA). (1) 

The expected lower critical temperature equals the point 
(29°C) at which the line predicted by equation 1 inter- 
cepts the basal metabolic rate of 0.12 W predicted by 
the equation of Aschoff and Pohl (1970). Assuming 
20.1 kJ is produced per liter of oxygen consumed, these 
predicted values for basal metabolism and thermal 
conductance in gnatcatchers are 5% and 12%, respec- 
tively, above those measured for the similarly sized 
(5.5 g) Common Bushtit, Psaltriparus minimus (Chap- 
lin 1982). 

Predicted metabolic parameters and equation 1 were 
used to estimate the power consumption required at 
prevailing roost temperatures separately for each of the 
14 hr the roost was occupied (18:00-07:00 MST) for 
each of 3 days. Averaging these 42 separate estimates 

gled out up to 20 min after sunrise. The roost was 
unoccupied on two of the five nights. These two nights 
did not differ noticeably from periods in which the 
roost was occupied, suggesting that the gnatcatchers 
may have been occupying an alternative roost. At the 
beginning of a fourth night of data collection on the 
occupied roost, the nest was accidentally disturbed. 
The gnatcatchers left immediately and did not return 
on subsequent evenings. 

OXYGEN AND CARBON DIOXIDE 
CONCENTRATIONS 

Maximum differences between the gas concentration 
of the roost and that of the general atmosphere should 
occur near dawn, when low temperatures elevate met- 
abolic rates and typically windless conditions mini- 
mize nest ventilation. It is remarkable, therefore, that 
oxygen concentration within the roost was reduced an 
averageofonly0,32%(range = 0.28%-0.38%) to 20.61% 
ofdry, CO,-free air volume. Assuming that the animals 
are catabolizing fat with a resultant respiratory quo- 
tient of 0.71 moles of CO, produced per mole of 0, 
consumed and that gas exchange is dominated by con- 
vection predicts thatC0, should be elevated an average 
ofonlv0.23%(=0.71 x 0.32%)to0.27%ofairvolume. 
Such changes in 0, and CO, concentrations are mod- 
erate compared to those observed in a variety of other 
bird species occupying cavities and are unlikely to elicit 
changes in respiratory parameters (e.g., Withers 1977, 
Wickler and Marsh 198 1, Birchard et al. 1984, Howe 
et al. 1987). 
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o--oAir *-*Nest changes, and the awkward geometry of limbs. It does 
suggest, however, that roosting birds must be rather 
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tightly packed into the nest chamber. 
If communal roosting presents such a major ener- 

getic advantage, why has it not been previously ob- 
served in this species? One possibility, of course, is that 
it occurs only rarely because of countervailing disad- 
vantages, perhaps including increased danger of detec- 
tion by predators. However, it also is notable that Black- 
tailed Gnatcatchers do not form flocks and population 
densities normally are low, averaging only 0.27 bird 
ha-l in similar wash habitats studied by Weathers 
(1983). This low density suggests that the 15-l 6 birds 
occupying this roost inhabit about 56-59 ha of suitable 
habitat distributed linearly along the wash. It is there- 
fore possible that communal roosting in this species is 
not uncommon but has previously been undetected 
simply because of the very low density of occupied 

-loll 6 6 

Time (MST.) 

FIGURE 1. Temperatures inside and outside of a 
communal roost of Black-tailed Gnatcatchers on three 
different days. Roost was occupied from approximately 
18:OO MST to 07:OO MST. Values for 17:OO MST and 
07:OO MST are for the unoccupied roost. 

predicts mean metabolic rates of 0.38 W bird-r at pre- 
vailing air temperatures outside the nest (range = 0.27- 
0.46 w) and 0.15 W bird-’ at roost temperatures (range 
= 0.12-0.28 W). This 61% reduction in power con- 
sumption associated with roost use is substantially 
greater than that previously reported for other species, 
which generally range from 4-43% (Walsberg 1985). 
Although large, a 6 1% reduction in power consumption 
probably is a substantial underestimate of the savings 
accrued in gnatcatchers. In addition to the benefits of 
elevated air temperature, birds within the enclosed nest 
experience reduced convective and radiative heat loss 
and may additionally benefit by direct contact with 
other individuals. These effects should amplify the 
thermal benefits of roost occupation. 

These large energetic savings are associated with sub- 
stantial numbers of birds occupying a single, enclosed 
roost. One week after data were collected, the Verdin 
nest was dissected and the inner chamber found to 
measure 8.3 cm long and 7.4 cm wide. Modeling the 
nest chamber as a prolate spheroid (Hodgman 1960) 
yields a chamber volume of 238 cm). The body volume 
of a Black-tailed Gnatcatcher can also be modeled as 
a prolate spheroid, with length (excluding the beak and 
tail) of 4.5 cm and maximum width (midtorso) of 2.2 
cm. This predicts a body volume of 11 cm3, suggesting 
that 15 gnatcatchers occupy roughly 72% of chamber 
volume. Clearly, this is only a crude estimate and ig- 
nores feather erection and compression, postural 

roosts. 

This report is a by-product of research supported by 
National Science Foundation grant BSR 85-2 1501. 
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Adult Elegant Terns (Sterna elegans), Roseate Terns 
(S. dougallii), many gulls (Laridae), several pelicans 
(Pelecanus spp.), the Common Merganser (Mergus 
merganser), and ptarmigans (Lagopus spp.) display a 
pink flush on their white body feathers (Stresemann 
1927-1934; see also Vijlker 1964, Hijhn and Singer 
1980, Harrison 1983). Called variously “flush,” 
“blush,” “bloom,” “tint, ” “wash,” or “cast,” the color 
is generally confined to the ventral surface. Character- 
istically, the color is ephemeral, and fades rapidly (within 
a few weeks to several years) after the death of the bird 
(Viilker 1964). Neither the origin of the coloration nor 
its chemical nature have been conclusively elucidated 
(Hiihn and Singer 1980). The ephemeral nature of the 
coloration is particularly challenging. 

Stegmann (1956) suggested that the color might orig- 
inate from a substance produced by the uropygial gland 
and deposited on the bird’s plumage by preening. He 
proposed that oxidation and breakdown of the sub- 
stance could account for the rapid color loss (Stegmann 
1956). The secretion of the gland in some gulls and the 
White Pelican (Pelecanus onocrotalus) is bright red 
(Stegmann 1956). However, not all flushed species pro- 
duce colored uropygial gland secretions (Hahn and 
Singer 1980), and other causes of the flush are possible. 
Colored substances are not mentioned in recent re- 
views of uropygial gland secretions (Jacob 1978, Jacob 
and Ziswiler 1982). To our knowledge, no feather pig- 
ments or environmentally derived substances have been 
identified as responsible for the pink flush. Also, struc- 
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tural modifications of the flushed feathers have not 
been demonstrated (Hahn and Singer 1980). Adven- 
titious, yellow colors found in a variety of birds are 
produced by environmental ferrous oxide adsorbed to 
the feathers (Berthold 1967). 

The availability of colored feathers from an Elegant 
Tern gave us the opportunity to investigate the factors 
responsible for the feather flush. We were interested 
especially in the possibility that it might be a carotenoid 
that was applied to the feather surface. Carotenoid pig- 
ments are widely distributed in birds and are respon- 
sible for many of their brightest colors (reviewed in 
Brush 198 1). Adventitious carotenoids would be par- 
ticularly sensitive to oxidation. However, carotenoid 
pigments are commonly deposited inside feathers, not 
on the surface (Lucas and Stettenheim 1972). We found 
that carotenoids were indeed implicated in the flush, 
and were deposited inside the feathers. 

MATERIAL AND METHODS 

An adult Elegant Tern in full molt with a distinct salm- 
on pink flush was collected at the Bolsa Chica Ecolog- 
ical Reserve (Orange County, California) on 15 Sep- 
tember 1988. Flushed contour feathers which originated 
from unspecified areas on the body were plucked and 
sent to us for analysis. The feathers were tinted uni- 
formly over both vanes and the rachis. Some of the 
flushed feathers were kept intact for comparison with 
washed and decolorized feathers. 

We first washed the flushed feathers (ca. 1 g) with a 
soapy solution (ca. 0.1% v/v, Sweet Life lotion deter- 
gent) for 24 hr. About 50 ml of this and subsequent 
solvents were used for the washes. After the soap treat- 
ment the feathers were washed repeatedly with distilled 
water, and once with acetone for several minutes to 
remove the water (first acetone wash), and air-dried. 
We also washed the feathers once with petroleum ether 
for 24 hr. Subsequently, the feathers were soaked in 
methanol for an additional 24 hr. We again rinsed the 
feathers once in acetone (second wash) and redried 
them. The methanol and second acetone washes were 
combined for analysis. The remaining pigment was 


