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THAT aviall metabolic rates increase during molt has long been known 
(Koch and deBont, 1944; Perek and Sulman, 1945). Sturkie (1954) has 
suggested that the increase in heat production during the molt is a compen- 
sation for increased heat loss during this period of reduced insulation. 
Another hypothesis is that the increased metabolism during molt is due to 
the increased energy requirements for feather formation. After noting a 
seasonal modification of metabolism associated with molt in the Brown- 

headed Cowbird (Molothrus ater o.bscurus), I undertook a more thorough 
investigation of this phenomenon. Where previous studies have considered 
the metabolism of molting and nonmolting birds at only one ambient tem- 
perature, the present study compares molting and nonmolting cowbirds over 
a temperature range of 5-40øC, thus allowing one to distinguish between 
the energy required for feather formation and the energy required for 
thermal regulation in thermal neutrality (35-40øC). 

MI•TI-IOD AND MATERIAL 

Experimental birds were captured throughout the year, the molting birds during 
the late summer of 1968. All birds were caught in circular funnel traps baited with 
bird seed, or by mist nets at Pierce College in Woodland Hills, Los Angeles County, 
California. After capture the birds were taken immediately to the University of 
California at Los Angeles and placed in individual cages (27 X 25.5 X 25.5 cm). The 
mean weight at the time of capture of the nonmolting birds was 36.2 g, that of the 
molting birds 37.9 g. All birds were fed parakeet seed and supplied with water ad 
libitum. The birds were housed in a windowless air-conditioned room where they 
were kept o.n a 12-hour photoperiod (O9:00-21:00) regulated by an automatic timer. 
The air temperature in the room ranged from 22-25øC. The relative humidity 
ranged from 40-60 per cent. All birds were allowed at least 2 weeks to adjust to 
laboratory conditions before being used in any experiments. 

The oxygen consumption of premolting and molting cowbirds was measured with an 
open circuit system connected to a Beckman G-2 paramag. netic oxygen analyzer used 
in conjunction with a Honeywell potentiometer. The respiration chambers were made 
from 4-liter jars with airtight lids having an air intake, air outlet, and opening for a 
thermocouple, and a fitting for the sensor of an Amhuco electric hygrometer. The 
concentrations of O• were determined in a manner described by Depocas and Hart 
(1957) for an open circuit system (CO2 was not absorbed). The chambers were placed 
in a temperature control box that maintained temperature within q- O.5øC at any level 
between 0.0 and 50.0øC. All measurements of oxygen consumption were obtained from 
cowbirds that had not eaten for at least 4 hours and during normal daylight hours in 
a darkened chamber. 

All birds were allowed to adjust to the respirometer chamber for at least 30 minutes 
prior to any measurements. The value used for calculating metabolic rate was that 
obtained after the bird had reached and maintained steady state oxygen consumption 
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Figure 1. The mean standard oxygen consumption rates of premolthag (shaded 
boxes) and molting (unshaded boxes) cowbirds in relation to ambient temperature. 
Vertical lines represent the range, horizontal lines the mean and boxes represent the 95 
per cent confidence limits ("t" X SEM). The numerals show the number of birds 
measured at each temperature. The comparative measurements were taken at 5 ø 
intervals starting with 5øC but were displaced for graphic purposes. The solid diag- 
onal lines were fitted to the data between 5 and 20øC by the method of least squares; 
the dashed line is eye fitted. 

for 20-30 minutes. Birds were weighed to the nearest 0.1 g before each run and all 
calculations were based on this weight. 

Cloacal temperatures were measured with a quick-acting mercury thermometer or 
a Yellow Springs telethermometer immediately after each oxygen consumption run. 

Thermal conductance was calculated from Scholander et al. (1950) implied adaptation 
of Newton's law of cooling: 

MR 
C-- 

TB-T, 

where C -• thermal conductance, cc O.2/gm/hr/øC 

T, ---- ambient temperature, øC 

TB = body temperature, øC 

MR • metabolic rate, cc O2/gm/hr. 
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Figure 2. The relation of thermal conductance to ambient temperature in molting 

cowbirds (unshaded boxes) and nonmolting cowbirds (shaded boxes). The comparative 
measurements were taken at 5 ø intervals starting with 5øC, but were displaced for 
graphic purposes (symbols as in Figure 1). 

RESULTS 

Oxygen consumption.--Molting cowbirds had a significantly higher 
oxygen consumption rate than nonmolting cowbirds at all ambient temper- 
atures between 5 and 40øC (Figure 1). P is less than 0.05 at all ambient 
temperatures except 30øC where P is less than 0.1. As seen from Figure 1, 
the deviation in oxygen consumption between molting and nonmolting 
cowbirds was minimal (13 per cent) in thermoneutrality (35øC) and in- 
creased to a maximum of approximately 24 per cent at 25øC. Below 20 ø 
the regression line relating oxygen consumption to ambient temperature in 
the molting cowbirds (y = 6.06 - 0.12x) nearly parallels that of the non- 
molting birds (y = 4.84 - 0.10x), the molting birds having a 24 per cent 
higher oxygen consumption than the nonmolting birds. 

Thermal conductance.--The thermal conductance (Figure 2) of the 
molting birds is higher than the thermal conductance of the nonmolting 
birds over the temperature range 5-30øC; in thermal neutrality (35øC) 
there was no significant difference in thermal conductance between molting 



Oct. 1970] Cowbird Molt Metabolism 745 

and nonmolting birds. As the ambient temperature (40øC) approximates 
the body temperature (40'.8øC for molting birds and 40.4 for nonmolting 
birds) the thermal conductance becomes vertically asymptotic. One should 
note that both the molting and nonmolting birds show three thermal zones: 
a zone of thermal neutrality (35-40øC) where the bird regulates body 
temperature by physical means, a zone below 20øC where thermal con- 
ductance remains relatively constant indicating that the bird is regulating 
its body temperature strictly by increased thermogenesis, and a zone be- 
tween 20 and 35øC intermediate between the previous two where body 
temperature is regulated by both increased metabolism and physical regu- 
lation. The relative humidity at the high ambient temperature was main- 
tained below 40 per cent as humidity is known to affect metabolic rate at 
high temperatures. 

DISCUSSION 

The fact that within the zone of thermal neutrality (35 øC), molting cow- 
birds increased their oxygen consumption 13 per cent c}ver that of non- 
molting controls while maintaining the same thermal conductance, suggests 
that the 13 per cent increase is due to the energy required in feather forma- 
tion. The increasing deviation (13-24 per cent) in oxygen consumption 
between molting and nonmolting birds between 35 and 25øC (intermediate 
zone) along with the increased thermal conductance in the molting birds 
over this same temperature range suggests an increased energy expenditure 
for thermoregulation over and above that required for feather formation. 
That there is a gradual transition from regulation of body temperature 
primarily through control c}f insulative changes to regulation primarily 
through thermogenesis has also been suggested by Dawson and Tordoff 
(1959), West (1962, 1965), and Veghte (1964). 

In the zone of thermogenesis (below 20øC) the increase in oxygen con- 
sumption of the molting birds over the nonmolting birds remains relatively 
constant at 24 per cent. Assuming a 13 per cent increase with feather 
fc}rmation as in thermal neutrality, one could say that approximately 50 
per cent of increased oxygen consumption below 25øC was due to feather 
formation and 50 per cent was due to increased thermo.genesis. These 
results indicate that at all temperatures below 35 øC an additive effect exists 
between the energy required for feather formation and that required for 
thermal regulation in the cowbird. 
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