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 EMBRYONIC METABOLISM OF THE FORK-TAILED STORM PETREL:

 PHYSIOLOGICAL PATTERNS DURING PROLONGED

 AND INTERRUPTED INCUBATION'

 CAROL M. VLECK2 AND G. J. KENAGY
 Department of Zoology, University of Washington, Seattle, Washington 98195

 (Accepted 6/1/79)

 Embryos of the fork-tailed storm petrel survived exposure to 26, 30, and 34 C.
 However, during artificial incubation at 26 C, metabolic rate did not increase, and
 presumably development did not progress. When incubated at 30 and 34 C, eggs
 showed a gradual increase in metabolism commensurate with development, but
 success of pipping and hatching was much greater at 34 C than at 30 C. The reduc-
 tion of metabolic Qio to 1.55 at temperatures above 34 C suggests that the optimum
 incubation temperature is near 34 C. Embryos tolerated periodic chilling-24-h
 exposure to 10 C every fourth day, which simulates environmental conditions when
 parents neglect the egg during foraging trips. During chilling to 10 C, metabolic rate
 was only 5% of that at 34 C, and development was presumably arrested. The energy
 expended by embryos during absence of the parents should thus be negligible. How-
 ever, the total incubation period is increased, and development is slow even when the
 egg is warm. Low conductance of the eggshell to water vapor, 2.1 mg H20 (day-
 torr)-1, is an adaptation which minimizes water loss during incubation. Natural
 incubation of the one-egg clutch is prolonged because of periodic chilling, low tem-
 perature of incubation in the subterranean burrow, and slow rate of development.
 Tolerance of a broad range of temperatures during development and a slow rate of
 development represent a suite of physiological adaptations which facilitate breeding
 success of a species with patterns of parental behavior that impose unusual physio-
 logical demands on the developmental process.

 INTRODUCTION

 Fork-tailed storm petrels (Oceanodroma
 furcata) are small (ca. 60 g) procellariiform
 birds of the family Hydrobatidae which
 lay a single egg incubated by both parents
 in a burrow or rock crevice (Wheelwright
 and Boersma 1979). They are strong fliers
 and commute over great distances between

 1 We thank P. D. Boersma for her encouragement
 of this study and for arranging for the eggs from
 Alaska, and T. Simon and U. Wilson for observing
 and collecting those eggs in the field. P. D. Boersma
 and R. T. Paine provided the bird and egg from
 Tatoosh Island, Washington. We thank P. D.
 Boersma, D. Hoyt, D. Vleck, and N. Wheelwright
 for comments on the data and the manuscript.
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 2 Present address: Department of Ecology and
 Evolutionary Biology, University of Arizona,
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 feeding and breeding grounds, even during
 the reproductive season. As a result of the
 temporal and energetic constraints of this
 commuting pattern, both parents are often
 absent from the egg for periods of several
 hours to several days at a time. These
 periods of neglect impose delays in develop-
 ment, and incubation is prolonged (see
 Boersma and Wheelwright [1979] for a
 review).

 In an Alaskan population of fork-tailed
 storm petrels, the mean cumulative dura-
 tion of neglect was 11 days for 33 nests, and
 the resulting incubation periods ranged from
 37 to 68 days (mean = 50). The tempera-
 ture to which the eggs were exposed during
 neglect was about 10 C (Boersma and
 Wheelwright 1979). No air-cell temperature
 greater than 27.5 C was recorded during
 field observations of incubation (Wheel-
 wright and Boersma 1979). Because of the
 unusual pattern of incubation in this spe-
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