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Hatchlings, especially in precocial species, have a 
relatively large amount of yolk that can be used up 
to 6 days after hatching if growth, thermoregulatory, 
and locomotive costs are minimal (Pettit et al. 1985). 
Marcstr/Sm (1960, 1966) showed by carcass analyses 
that yolk is used for both catabolism and synthetic 
purposes in the Common Capercaillie (Tetrao urogal- 
lus) and the Mallard (Anas platyrhynchos). In Canada 
Geese (Branta canadensis) newly hatched goslings will 
grow in spite of being starved (Peach and Thomas 
1986). If, as suggested by these studies, the yolk re- 
serve is used not only for catabolism but also for 
synthetic purposes, the result would produce a higher 
metabolic rate not reflecting a true basal metabolic 
rate (BMR). 

We attempted to estimate the possible difference in 
metabolic rate in chicks with and without a yolk re- 
serve. The yolk sacs of newly hatched chicks of the 
Black-legged Kittiwake (Rissa tridactyla) and domestic 
chicken (Gallus gallus) were removed surgically. The 
metabolic rate in these chicks was compared with that 
measured in sham- and nonoperated chicks. 

Hatching eggs of kittiwakes were collected in 
Kongsfjorden, Spitsbergen, and taken to the labora- 
tory of the Norwegian Polar Research Institute in Ny 
,•lesund. The eggs were hatched in a commercial in- 

cubatot, and the chicks were used in experiments 3- 
6 h after hatching. Newly hatched chickens were ob- 
tained from a commercial farm and used in the ex- 

periments at the Department of Zoology of the Uni- 
versity of Trondheim approximately 2 days after 
hatching. The hatchlings received only water and were 
kept under thermoneutral conditions. 

Chicks of both species were divided randomly into 
three groups: operated, sham-operated, and non- 
operated. Sham- and nonoperated chicks formed the 
control group. The chicks of the operated and the 
sham groups were anesthetized with ether; lidocaine 
was used as a local anaesthesia. In both groups the 
abdominal cavity was opened. In the operated group 
the yolk sac was removed and weighed. The chicks 
recovered within 30 min, and oxygen consumption 
was measured approximately 3 h later. 

Before measurement of oxygen consumption the 
chicks were weighed, and, in the case of the kitti- 
wakes, a copper-constantan thermocouple was inserted 
into the rectum. Oxygen consumption in kittiwakes 
was measured using a manometric respirometer (Bech 
et al. 1984). In the chickens oxygen consumption was 
measured using an open-flow system in which the air 
was sucked through a 0.9- or 2.4-1 metabolic chamber 
with a flow rate of 1 l/min. After drying over silica 
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TABLE 2. Decrease in body temperature during 1 h 
of exposure to an ambient temperature of 26øC for 
kittiwake chicks. Values are means _+ SD, with sam- 
ple sizes in parentheses. t-tests were conducted us- 
ing pooled variances (variances were not signifi- 
cantly different; F-test, P• < 0.05). 

Cooling rate (øC/h) 

Operated 1.6 _+ 0.5 (6) 
Sham 0.3 _+ 0.7 (2) 
Nonoperated 0.8 _+ 0.3 (5) 
Control 0.6 _+ 0.4 (7) 

t-tests for comparison of groups 
Operated, sham t (6) = 3.90, P• < 0.01 
Operated, nonoperated t (9) = 5.43, P• < 0.01 
Operated, control t (11) = 5.16, P• < 0.01 
Sham, nonoperated t (5) = 0.75, P• = 0.48 

gel, the oxygen concentration of the effluent air was 
determined using a Servomex 1100A or an S-3A Ap- 
plied Electrochemistry oxygen analyzer. All experi- 
ments were conducted under thermoneutral condi- 

tions (35øC; Freeman 1963, Bech et al. 1984) and lasted 
for about 2 h. Calculation of oxygen consumption was 
based on stabilized readings only. After the oxygen- 
consumption measurements, the hatchlings of the 
chicken control group were sacrificed and the yolk 
sac removed and weighed. 

Following the 2 h of exposure to 35øC, the kittiwake 
chicks were placed in an ambient temperature of 26øC. 
At this temperature, which is below thermoneutral- 
ity, kittiwake hatchlings maintained metabolic rate at 
a peak level, which does not prevent a moderate body 
temperature decrease (Bech et al. 1984). Body tem- 
perature changes were monitored for 1 h. 

The mass of the chicks, including the yolk sac, was 
32.6 g (SD = 2.2, n = 14) for kittiwakes and 33.5 g 
(SD = 3.3, n = 34) for chickens. Yolk-sac masses were 
1.9 g (SD = 0.4, n = 6) and 2.5 g (SD = 1.7, n = 34) 
and represented 5.8% and 7.5% of total body mass of 
kittiwakes and chickens, respectively. 

Body temperatures in kittiwake hatchlings under 
thermoneutral conditions were 38.9 ø (SD = 0.3, n = 
6), 38.6 ø (SD = 0.3, n = 3), and 38.8øC (SD = 0.4, n = 
5) for the operated, sham-, and nonoperated groups, 
respectively. These values did not differ significantly 
(in all cases P• > 0.12). 

There were no differences in mass-specific oxygen 
consumption among the three experimental groups 
for either kittiwake or chicken hatchlings (Table 1). 
Because yolk has only a negligible metabolic capacity 
(Steen and Gabrielsen 1986), however, the mass-spe- 
cific oxygen consumption was recalculated using the 
yolk-free body mass. This resulted in a significantly 
higher oxygen consumption in the control group 
compared with the operated kittiwakes (Table 1). The 
same tendency was apparent in the chickens, but be- 
cause of large variances the results were not signifi- 
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cant (Table 1). The high variance could be caused by 
the larger variation in body and yolk masses com- 
pared with those in kittiwake chicks. We conclude 
that the yolk was responsible for an elevation of the 
metabolic rate on the order of 6-13%. The increased 

metabolism was presumably due to the use of yolk 
reserve for synthetic purposes. For this reason, BMR 
cannot be measured in newly hatched chicks because 
they continuously use yolk as substrate for tissue syn- 
thesis. Therefore, "basal metabolic rate" is an inap- 
propriate term when applied to hatchlings, and we 
encourage the use of the prefix "hatchling." 

The removal of the yolk sac from kittiwake hatch- 
lings significantly increased the cooling rate (Table 
2). The results demonstrate the importance of the yolk 
sac as a nutrient reserve for catabolism. 

This study was partly supported by grant 30/86 
from the Norwegian Polar Research Institute. 
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