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October to December interval or 0.93 to 1.58 hours for a male tending his incu-
bating female and, later, his nestlings.

4. This led to the hypothesis that selection should operate to minimize H,,,
and since changes in behavior are the greatest source of variation in H,,, selec-
tion should favor those behaviors that maximize the return on the investment of
time and energy in activity.

The cost of foraging, and the required foraging efficiency () for any one day
depended on the characteristics of the food resource being utilized. Consequently
ngs varied during the year, but always in such a way that long-term fitness seemed
to be enhanced when 1) individual food items were large, finding and swallowing
time was short, rate of energy intake high, and x,, was high (10.1 to 10.5) and 2)
individual food items were small, finding and swallowing took longer, the rate of
energy intake was low, and 7,, was low (3.2 to 4.5).

The time-activity laboratory method used in this investigation was evaluated
and shown to provide inexpensive, reasonably accurate estimates of H,,,, pro-
vided that measured energy equivalents can be assigned to the behaviors being
described and that thermoregulatory demands are adequately determined.

ACKNOWLEDGMENTS

This investigation was completed by the principal author in partial fulfillment of the Ph. D. degree
at Washington State University. The work reported was supported by the National Institutes of
Health (Predoctoral Training Grant, GM 01276-13), and the National Science Foundation (Predoctoral
Dissertation Award, GB 35638, to John N. Mugaas: and grant BMS 75-20338 to James R. King).
Awards from the West Virginia School of Osteopathic Medicine Foundation, Inc., and the Graduate
School Research and Development Fund of Washington State University helped defray part of the
cost of printing.

Thanks are due to many individuals whose help and cooperation were felt throughout this inves-
tigation. G. S. Campbell provided many hours of technical advice and assistance on meteorological
instrumentation, and A. R. Koch provided help and advice in writing programs for data reduction
and analysis. Access to the relatively undisturbed magpie population used in this study was made
possible by a number of people who granted permission to use their property, or property under their
jurisdiction: D. Coonrad, Beef Cattle Center; D. Caldwell, Farm Shop; M. Russell, Sheep Center: E.
St. Pierre, Poultry Plant; R. K. Farrell, Animal Disease Field Laboratory, Animal Disease Research
Fur Farm, and his private property; R. W. Dingle, Stephan Center; F. Webb, Plant Materials Center:
and M. J. Poppie, her private property. Without the goodwill and support of these people the field
work would have been impossible.

LITERATURE CITED

ASCHOFF, J., AND H. PonL. 1970. Rhythmic variations in energy metabolism. Fed. Proc. 29:1541—
1552.

BaLpa, R. P., aND W. J. Bock. 1971. Ecology and morphology of food storage in the Clark’s
Nutcracker. Abstr. 89th Stated Meeting, A. O. U. Seattle, Washington.

BaLpa, R. P., M. L. Morrison, aND T. R. BEMENT. 1977. Roosting behavior of the Pinon Jay in
autumn and winter. Auk 94:494-504.

BarTHOLOMEW, G. A. 1958. The role of physiology in the distribution of terrestrial vertebrates. Pp.
81-95 in C. L. Hubbs (ed.), Zoogeography. Publ. No. 51, Amer. Assoc. Advan. Sci., Wash-
ington, D. C.

BenDIRE, C. H. 1895. Life histories of North American birds. U.S. Natl. Mus., Spec. Bull. 3:1-518.

BERGER, M., AND J. S. HART. 1974. Physiology and energetics of flight. Pp. 415-477 in D. S. Farner
and J. R. King (eds.), Avian biology. Vol. IV. Academic Press, New York.

BERNSTEIN, M. H., S. P. THOMAS, AND K. SCHMIDT-NIELSEN. 1973. Power input during flight of
the Fish Crow, Corvus ossifragus. J. Exper. Biol. 58:401-410.



