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Diving Depths and Energy Requirements of King Penguins 

Abstract. During 4- to 8-day periods a t  sea, half of 2595 dives of three king 
penguins were more than 50 meters and  two dives exceeded 240 meters. The at-sea 
metabolic rate, estimated from the turnover of tritiated water, was 2.8 times the 
standard metabolic rate and  requires about 2.5 kilograms of squid per day. Ten 
percent or  less of the dives may result in prey capture. 

A small number of diving depths have 
been directly measured in emperor pen- 
guins (Aptenodytes forsteri) ( I ) .  As far as 
we know, all other investigations of the 
diving depths of aquatic birds have relied 
on circumstantial evidence such as the 
type of food captured and the depths at 
which birds were trapped in nets (2). 

Using a recently developed depth re- 
corder (3) ,  we measured the diving 
depths of three king penguins (Apteno- 
dytes patagonica). The birds' depths fre- 
quently exceeded 100 m, but the pen- 
guins rarely dived deeper than 240 m. By 

measuring the tritiated water turnover 
(4), we estimated the energetic require- 
ments of foraging in three other birds as 
two to three times more than that of the 
standard metabolic rate (SMR). On the 
basis of the estimated masses of squid 
consumed, only about 10 percent of the 
dives would have resulted in prey cap- 
ture. 

We captured six adult king penguins, 
each weighing 12 to 14 kg, near their 
breeding colony at Schlieper Bay, South 
Georgia Island in February 1980. The 
birds were captured just before they 

Table 1. Water turnover and estimates of metabolism and food consumption at sea for three 
king penguins. The standard metabolic rate (SMR) was estimated from the equation of Aschoff 
and Pohl ( lo)  for nonpasserine birds: SMR = 4.41 BO ' 729, where SMR is in watts and B is the 
body mass in kilograms; ww = wet weight. 

Water Squid Meta- Total Meta- 
Total Days turn- consumed bolic energy 

Body body at over per day rate bolic Bird mass expended rate at 
water sea at sea at sea at sea at sea 

(kg' (liters) seal 
(liter [kg (wwl (W (kJ kg-' SMR 

day-') day-'] x lo3) 

P4 12.2 7.5 4 
P5 13.2 8.0 5 
P6 13.7 7.8 2 

Mean 13.0 7.8 3.7 

P 1 
1217  dives 

4  d a y s  

1 120 100 240 290 35 50 130 180 240 290 

Depth (m) 

P 2  
4 8 8  dives 

6 days  

P 3 
8 9 0  dives 

8  days 

Fig. 1. Frequency analysis of the diving depths of three king penguins. All three birds departed 
and returned to the Schlieper Bay colony within 4 to 8 days. The minimum threshold of the 
depth recorder for P2 was higher than for the other two penguins. 

went to sea to collect food for their 
chicks. Depth histogram recorders 
(DHR) (3) were clamped to the feathers 
between the scapulae of three of these 
birds (P l ,  P2, and P3), and then the birds 
were released immediately. Three other 
birds (P4, P5, and P6) were weighed, 
individually marked, and injected with 
0.3 mCi of tritiated water (HTO) into the 
brachial vein. These birds were held for 
1.5 hours while the HTO equilibrated 
with total body water. Just before re- 
lease, a 10-ml blood sample was taken 
from the brachial vein. When the birds 
returned 4 to 8 days later, they were 
reweighed and a second 10-ml blood 
sample was taken as before. The blood 
samples were stored for later analysis of 
HTO changes and estimates of water 
turnover (5). 

During a total of 18 days at sea (4 to 8 
days per bird), 2595 dives were recorded 
for three penguins. The birds averaged 
144 dives per day. The frequency analy- 
sis of these diving depths is shown in 
Fig. 1. The most frequently logged depth 
range was 5 to 50 m. If the minimum 
threshold of the recorder on P2 (35 m) 
had been as low as that of P1 and P3 (5 
m), the P2 recorder would have logged 
probably another 400 dives. The major- 
ity of the dives of P1 and P3 in the 5- to 
50-m range were less than 35 m. There 
were 1304 dives (50 percent) that exceed- 
ed 50 m. There was an almost linear 
decline in the number of dives in each 
grouping up to the last range of 241 to 
290 m, which included only two dives. 

Shallow dives (< 30 m) are difficult to  
interpret because it takes little effort for 
the penguins to reach such depths. On 
the other hand, dives in excess of 50 m 
require a serious swimming effort by the 
penguins and we therefore interpret 
them as foraging dives. 

The large number of deep dives indi- 
cates that king penguins frequently, if 
not predominantly, feed deeper than oth- 
er South Georgia birds (6). Furthermore, 
the deepest dives (> 240 m) are consid- 
erably deeper than has been recorded for 
any aquatic bird except the king pen- 
guin's near relative, the emperor pen- 
guin, which dives to at least 265 m ( I ) .  

Total body water, as determined by 
the method of Foy and Schneider (3, 
represented 60 percent of the body mass. 
The average water turnover at sea was 
2.2 liters per day or 29 percent of the 
body water pool (Table 1). The various 
assumptions involved in the measure- 
ment of water flux in free-ranging ani- 
mals (8) either were valid for our deter- 
minations or  were considered as not in- 
troducing serious errors. Therefore, us- 
ing the method of Shoemaker et al. (4), 
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we calculated an average daily metabolic 
rate (ADMR) at sea of 6.1 W kg-' (Table 
1). 

The metabolic rate for a 13-kg penguin 
tending a chick is 4.3 W kg- ' ;  this rate is 
based on a mean weight loss of 0.15 kg 
day - I  (9). The ADMR at sea was about 
1.5 to  2 times the ADMR of birds on the 
rookery. Since the SMR of a resting 
nonpasserine bird is 2.2 W kg-' (lo), our 
value of ADMR at sea is in good agree- 
ment with a value of two to three times 
the SMR determined for foraging terres- 
trial birds and mammals (11). 

In comparing effort and success 
among the birds, we see that P5 expend- 
ed half as much energy per time as P6, 
but it stayed at sea over twice as  long. 
Overall, its total expenditure was aver- 
age (Table 1). The dive data (Fig. 1) also 
show similar disparities of effort in that 
P1 made 1217 dives in 4 days (304 dives 
per day), and P3 made 890 dives in 8 
days (1 11 dives per day). It  would seem 
that at times birds go to sea for less time 
but work harder. 

The three tritiated birds expended 
from 19 x lo3 to  26 x lo3 kJ of energy 
while at  sea. This corresponds to the 
consumption of a total of 7 to  9 kg of 
squid (12). In February, an 8-kg chick is 
fed about every 4 days and it gets about 3 
kg of squid per visit (9). Thus the energy 
cost of foraging is over twice as  great as 
the energy content of the food delivered 
to the chick. Measurements of their 
beaks suggest that the squid taken proba- 
bly weigh about 150 to 200 g. Therefore, 
during one trip, some 50 to 90 squid need 
to be caught to sustain the adult and feed 
the chick. With an average of 865 dives 
per bird per trip, a king penguin is likely 
to make a catch on fewer than 10 percent 
of the dives. 
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Hypotensive Effect of Fasting: Possible Involvement of the 
Sympathetic Nervous System and Endogenous Opiates 

Abstract. Fasting lowers blood pressure t o  a greater extent in spontaneously 
hypertensive rats than in normotensive rats. While fasting reduced cardiac sympa- 
thetic activity t o  an equivalent extent in both groups of  animals, only in the 
hypertensive rats did fasting elicit an opiate-mediated vasodepressor response that 
was independent of  sympathetic withdrawal. Both sympathetic nervous system 
suppression and endogenous opiate activation, therefore, may  contribute to  the 
hypotensive effect of  fasting in the spontaneously hypertensive rat. 

The hypotensive effect of fasting or  
caloric restriction is greater in hyperten- 
sive subjects than in normotensive sub- 
jects (1-4). In a recent study 4 days of 
fasting reduced systolic blood pressure 
19 percent in spontaneously hyperten- 
sive (SH) rats and only 7 percent in the 
related normotensive Wistar-Kyoto 
(WKY) strain (3). Although numerous 
hypotheses have been suggested to ac- 
count for this hypotensive response to 
fasting, none has gained general accep- 
tance (1-4). The observation that fasting 
suppresses sympathetic nervous system 
(SNS) activity (5) has raised the possibil- 
ity that the sympatholytic effect might 
contribute to  the fall in blood pressure. 
We report here studies to assess the role 
of diminished S N S  activity in fasting- 

induced blood pressure decreases in S H  
and WKY rats. 

The effect of fasting on the turnover of 
tritiated norepinephrine in cardiac tissue 
(6) was measured simultaneously in S H  
and WKY rats after 4 days offasting and 
during unrestricted feeding (Fig. 1). Al- 
though fractional and calculated turn- 
over rates were significantly slowed by 
fasting in both strains, turnover rates did 
not differ in the two fed groups or  in the 
two food-deprived groups. Fasting thus 
suppressed cardiac S N S  activity to an 
equivalent extent in S H  rats (-61 per- 
cent) and WKY rats (-65 percent), im- 
plying that mechanisms in addition to 
diminished S N S  activity contributed to 
the greater hypotensive response of S H  
rats to fasting. 
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