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 ENERGETICS OF EMBRYONIC DEVELOPMENT IN THE MEGAPODE

 BIRDS, MALLEE FOWL LEIPOA OCELLATA AND BRUSH
 TURKEY ALECTURA LATHAMI'

 DAVID VLECK,2 CAROL M. VLECK,2 AND ROGER S. SEYMOUR

 Department of Zoology, University of Adelaide, Adelaide 5000, S.A., Australia
 (Accepted 1/3/84)

 Mallee fowl (MF) and brush turkey (BT) lay large, energy-rich eggs (173 g at 10.2
 kJ/g contents for MF and 180 g at 9.8 kJ/g contents for BT) that are incubated by
 burial in mounds of warm earth or decaying vegetation. Their incubation periods of
 62 days (MF) and 49 days (BT) are unusually long, and their hatchlings are among
 the most precocial of any birds. Metabolic rates of embryos of both species just prior
 to hatching are about 61 cm' 02/h, 98% (MF) and 64% (BT) higher than predicted.
 Metabolism is supported solely by chorioallantoic respiration until hatching, and
 pulmonary respiration begins suddenly when the shell membranes are torn. Estimates

 of total energy expenditure during incubation prior to hatching (Ei) based on 02
 consumption closely approximate estimates based on energy content of fresh eggs
 and hatchlings. The E1 are high (-600 kJ for MF and ~-475 kJ for BT) because of
 the long incubation periods. Hatchlings must dig out of the incubation mounds, and
 costs of this may add 8% (MF) to 33% (BT) to the E, before hatchlings reach the
 surface. Lower emergence costs and larger initial energy stores of MF eggs partly
 compensate for higher developmental costs, so chicks of both species begin life on
 the surface with similar energy reserves. The large yolks (>50% of egg contents) and
 high energy content of megapode eggs were essential adaptations in the evolution of
 a reproductive system in which embryonic development and hatchling behavior are
 energetically expensive.

 INTRODUCTION

 The mound builders (Megapodiidae) are
 galliform birds endemic to Australasia.
 Megapodes are unique among birds be-
 cause they incubate their eggs in pits or in
 mounds where heat is supplied by microbial
 respiration, the sun, or geothermal activity
 (Frith 1956). They are also unusual in pro-
 ducing the most precocial hatchlings of any
 birds (Nice 1962) and in having extremely
 long incubation periods (Frith 1956; Nice
 1962). Chicks are totally independent after
 hatching, neither requiring nor receiving
 any parental care (Campbell 1901; Frith
 1955, 1956; Bergman 1963; Baltin 1969).
 Hatchling malice fowl (Leipoa ocellata), for
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 example, emerge from the mound unas-
 sisted, are fully homeothermic, and are ca-
 pable of flight within a day or two (Frith
 1959; Booth 1984). In the three Australian
 megapodes for which data are available,
 reported incubation periods range from 45
 to more than 90 days (Bellchambers 1916;
 Meyer 1930; Fleay 1937; Frith 1956; Baltin
 1969).

 In this study we report on the energetics
 of development in two Australian mega-
 podes, mallee fowl and brush turkeys
 (Alectura lathami). We examine the rela-
 tionships among incubation period, ex-
 treme precocity, energy utilization, and the
 consequent requirements for provisioning
 in the eggs.

 MATERIAL AND METHODS

 SOURCE OF EGGS

 Malee fowl eggs were collected (under
 National Parks and Wildlife Service per-
 mits) from eight mounds on Calperum Sta-
 tion, near Berri, South Australia, and brush
 turkey eggs from five mounds in Flinders
 Chase National Park, Kangaroo Island,
 South Australia. Kangaroo Island is not
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