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 METABOLISM OF AVIAN EMBRYOS: PATTERNS IN

 ALTRICIAL AND PRECOCIAL BIRDS1

 CAROL M. VLECK,2 DONALD F. HOYT,3 AND DAVID VLECK2
 Department of Biology, University of California, Los Angeles, California 90024

 (Accepted 1/19/79)

 We measured rate of oxygen consumption (Vo2) of individual eggs in five species of
 birds. The pattern of oxygen consumption during development differs markedly
 between altricial and precocial species. The Vo2 increased throughout incubation in
 eggs of the altricial species (Poephila guttata, Ploceus cucullatus, and Columba livia).
 In eggs of the precocial species (Coturnix coturnix and Anser anser) Vo2 increased
 during the first 75% of incubation but then remained relatively constant until shortly
 before hatching. Growth patterns of embryos of Poephila and Coturnix differ in the
 same way as their patterns of oxygen consumption differ. We suggest that a decline
 in growth rate late in incubation results in the stabilization of Vo2 in the precocial
 species. In growing embryos, Vo2 increases with (body mass)092. The exponent is
 higher than that characterizing metabolism-mass relations of adult birds because of
 the energy demands of rapid embryonic growth. In both altricial and precocial species,
 eggshell conductance to gases is adapted primarily to regulate water loss and does not
 obviously limit Vo2 of the embryo. The Vo0 prior to pipping is more closely correlated
 with egg mass (and thus embryo mass) than with eggshell conductance. As a result,
 oxygen tensions in the air cells of Poephila and Ploceus eggs just prior to pipping are
 surprisingly low, only 72 and 85 torr, respectively.

 As avian embryos develop, their rates
 of oxygen consumption increase. Hoyt,
 Vleck, and Vleck (1978) showed that
 the pattern of this increase can vary
 greatly in eggs of different sizes. Dif-
 ferent avian species have very different
 modes of embryonic development, rang-
 ing from the highly precocial Anseri-
 formes which can walk, swim, and dive
 shortly after hatching to highly altricial

 1 We thank N. E. Collias and C. Jacobs for lend-
 ing Village Weaverbird eggs and W. Stevens for
 lending domestic goose eggs. G. A. Bartholomew
 and T. R. Howell critically read and improved the
 manuscript. This research was supported by N.S.F.
 grant DEB 75-14045 administered by G. A. Barthol-
 omew. The computer work was supported by intra-
 mural funds granted by the UCLA Campus Com-
 puting Network.

 2 Present address: Department of Ecology and
 Evolutionary Biology, University of Arizona,
 Tucson, Arizona 85721.

 3 SPresent address: Museum of Comparative Zool-
 ogy, Harvard University, Cambridge, Massachu-
 setts 02138.
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 Passeriformes which are naked, have
 closed eyes, and are incapable of locomo-
 tion and thermoregulation at hatching
 (Nice 1962). We wondered whether dif-
 ferences in mode of development might
 also result in differences in the pattern
 of increase in oxygen consumption. Em-
 bryonic oxygen consumption has been
 measured in only a few species: the
 House Wren, Troglodytes aedon, (Ken-
 deigh 1940); domestic chicken, Gallus
 gallus (Barott 1937; Romijn and Roos
 1938; Romijn and Lokhorst 1951; Wan-
 gensteen and Rahn 1970/71); domestic
 duck, Anas sp (Khaskin 1961); and four
 ratite species (Calder 1978; Hoyt et al.
 1978, Vleck, Vleck, and Hoyt, in press).
 Patterns of growth in altricial and pre-
 cocial chicks have been studied (Rick-
 lefs 1968, 1973), but there is virtually
 no comparative information on embry-
 onic development in altricial and pre-
 cocial species.

 During incubation the avian egg ex-
 changes water vapor as well as oxygen
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