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Titis paper reports the change in weight of Ad•lie Penguin (Pygo- 
scelis adeliae) chicks whose parents were of known age from the creche 
stage until fledging. Our aim was to assess the abilities of parents of 
different ages to provide their young with food by comparing the 
sizes of their broods and the growth patterns of their chicks. We dis- 
cuss here the implications of delayed breeding and other related factors 
in Ad•lie breeding ecology. 

Several previous studies of Ad•lie Penguin chick growth have each 
emphasized different aspects of this species' biology. Sapin-Jaloustre 
and Bouliere (1951) and Sapin-Jaloustre (1960) recorded growth to 
42 days of age, more than a week before fledging, and correlated weight 
change to feather and wing growth. Sladen (1958) described general 
trends of weight change from hatching to fledging. The value of the 
yolk reserve was investigated by Reid and Bailey (1966), who studied 
growth in the first week after hatching. Taylor and Roberts (1962) 
studied the entire chick growth history but discussed mathematical 
properties of the growth curves rather than their biological significance. 

Ad•lies lay a maximum of two eggs in a clutch and incubate them 
for 33-35 days. After hatching, chicks are brooded and guarded for 
18-27 days (Sladen, 1958; Taylor, 1962). They then enter their phase 
of most rapid growth (Taylor and Roberts, 1962). Chick food demands 
are then so great that both parents must forage simultaneously and 
are with their chicks only when feeding them. When not guarded, 
chicks of adjacent territories gather in groups called creches. At the 
start of the creche stage chicks are fed once per day or twice per 3 
days. Beginning about day 35 they are fed wtih decreasing frequency 
so that during the week before fledging they are fed once or twice 
(Taylor, 1962). They fledge at 46-55 days of age (Sladen, 1958; 
Taylor, 1962). 

METHODS 

Johns Hopkins University personnel banded about 35,000 Ad•lie chicks at Cape 
Crozier, Ross Island, Antarctica between 1962 and 1968 (Sladen et al., 1968). 
Banded birds did not have to be rehandled as band numbers could be read from a 

distance with binoculars. In 1969-70 we located 309 breeding adults 3 to 8 years old 
that were previously banded as chicks. We banded their unknown-age mates and 
marked their nest sites. For comparison and as controls on 1 November 1969, a 
few days before egg-laying began, we dyed 50 unknown-age pairs on their breasts 
with picric acid dye and marked their nests. These pairs were in the same colonies 
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(i.e. groups of contiguous territories) and in the same proportion to colony popu- 
lations as the known-age birds. We selected them for having large, symmetrical 
nests in the centers of colonies, as Ad•lies having these nests are usually older 
individuals (LeResche, MS). We visited all nests every 2-3 days to determine fate 
of eggs and chicks. 

When chicks became so large that brooding parents could not entirely cover them, 
we marked the down of their backs by squirting dye with a syringe from a distance. 
They were banded when they entered creches and, when they lost their down, the 
feathers on the upper breast were dyed. As only 3-4 chicks were marked per colony, 
these were widely spaced within colonies, and they entered creches on different 
days, we could easily determine to which parents they belonged. We marked and 
banded 266 chicks in this way during January 1970. 

Of the 266 marked chicks 87 were weighed to the nearest 0.1 kg when first found 
in a creche and then regardless of age at 6-day intervals until they fledged. To 
draw growth curves, weights of chicks and fledglings were pooled for age intervals 
of 4 days. The sample included 55 from 1-chick broods and 16 pairs from 2-chick 
broods. We defined 1- and 2-chick broods as those having 1 and 2 chicks respec- 
tively at the beginning of creche stage. Of 96 marked chicks we located on the 
beach as fledglings, 62 were from 1-chick broods and 34 from 2-chick broods. 
Within about a day after fledging, chicks descended the 600 m from the rookery 
to the beach and then entered the sea. A chick was considered fledged if it was 
not seen again after being weighed on the beach. Beaches were searched 3-4 times 
per day from 09:00 to 24:00. 

For comparison with chick weights, 24 adult females, sexed by checking cloacal 
characters (Sladen and LeResche, 1970), were weighed between 7 and 11 January; 
13 were unknown-age breeders with empty stomachs that had just fed their 
creche-age chicks, the remainder nonbreeding 2-year-olds. These females weighed 
the same at what is close to mean minimum adult female weight (3.8 kg), which is 
0.3-0.4 kg less than males of similar breeding status. 

RESULTS 

The growth curve.--Most chicks from 1- and 2-chick broods averaged 
1.9 and 1.6 kg in weight respectively when they entered creches at 
18-27 days of age. When 42-45 days old they reached maximum 
weight (Figure 1) with the young from 1-chick broods weighing 3.3 
kg and those from 2-chick broods weighing 3.1 kg. Maximum weight 
of single chicks at Cape Royds (Taylor and Roberts, 1962) averaged 
0.7 kg more than single chicks at Cape Crozier, but the growth curves 
are similar for both groups. 

During the week prior to fledging, weights declined about 15 percent 
from the maximum. Fledglings from 1-chick broods (2.9 kg) weighed 
0.2 kg more (0.01 < P < 0.02; t-test) than fledglings from 2-chick 
broods (2.7 kg). Fledglings from 1-chick broods at Royds (Taylor 
and Roberts, 1962) averaged 0.5 kg more than single chicks at Crozier. 
Thus fledglings at Royds were 89 percent and ones from Crozier 75 
percent of the adult female minimum weight. 

Parents' ages and weight o/ fledglings.--Our data are correlated to 
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Figure 1. Growth curves of Ad•lie Penguin chicks from 1- and 2-chick broods at 
Cape Crozier in 1969-70. Numbers above solid circles are the sample sizes for mean 
weights of chicks from 1-chick broods at the different age intervals. Similarly the 
numbers below open circles are the sample sizes for 2-chick broods. The mean 
weight of 24 adult females during the creche stage is shown for comparison. 

the age of only one parent for each nest, the other being of unknown 
age. However one expects mated Ad•lies to be nearly the same age. 
From their 2nd to 6th years Ad•lies arrive at the rookery earlier each 
breeding season (Sladen et al., 1968), and they tend to pair, especially 
females, soon after arrival (Sladen, 1958). Therefore most older, earlier 
arriving birds are paired before the younger ones arrive. 

As parents aged from 3 to 6 years, weight of their fledglings increased 
from 2.0 to 2.9 kg and remained at the 2.8-2.9 kg level for fledglings 
of 7- and 8-year-olds (Table 1). Fledged chicks of control parents 
averaged 3.0 kg, which was not statistically different (0.3 < P < 0.4) 
from the 2.9 kg mean weight of the young of 6-year-olds. The difference 
in mean weight between fledglings of 3- and 4-year-old parents combined 
(2.4 kg) and the fledglings of 7- and 8-year-old parents combined (2.8 
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TABLE 1 

MEAN WEIGlZIT Ot • FLEDGLINGS RELATIVE TO TI-IE AGES Ot • TI-IEIR PARENTS 

Parent's Mean weight of fledglings 
age in kg No. 

3 2.0 1 

4 2.4 9 

5 2.6 17 

6 2.9 18 

7 2.8 14 

8 2.8 13 

Control 3.0 22 

kg) was statistically significant (0.001 < P < 0.01). Thus older birds 
raised heavier chicks than did younger ones, with fledgling weight level- 
ing off after parents reached 6 years of age. 

Prior breeding experience of the known-age parent regardless of age 
did not affect the fledging weight of single chicks. Fledglings of a 
parent that had bred in at least one previous year (i.e. a member of a 
pair known to have produced eggs) had a mean weight of 2.8 kg (n = 
21), the same as fledglings (n = 25) of parents that had not bred pre- 
viously. 

Parents' ages and number of chicks fiedged.--Percentage of 2-chick 
broods that survived through the creche stage increased from 0 for 3- 
year-olds to 36 percent for 8-year-old parents (Table 2). The per- 
centage of 2-chick broods among controls was between those for 7- 
and 8-year-olds. Thus maximum chick raising ability is reached at 
about 7-8 years of age. 

Ad•lies usually lay two-egg clutches, and in 1969-70 81 percent were 
two-egg clutches (Ainley and LeResche, MS). Relatively few pairs at 
Crozier fledge two chicks according to unpublished data collected by 

TABLE 2 

PERCENT or 2-Cmcxc BROODS tN TaE TOTAL NU•rBER Or BROODS RAtSED Ar•rOST 
TO FrEDG•NG T•rE (30 JANUARY) BY KNOWN-AGE PARENTS 

Parent's Percent No. of 
age 2-chick broods broods 

3 0 4 

4 8 25 

5 2O 41 

6 18 54 

7 24 29 

8 36 14 

Control 28 43 
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Figure 2. Decline of 2-chick broods as the season progresses. Week 1 began when 
50 percent of all eggs had hatched and week 7 ended 1 week prior to fledging. Each 
week adults were chosen at random as they approached their nest to feed their 
chicks, and were watched until they finished the feeding. Figures at the top of each 
column show the number of broods observed per week. Data were taken at Cape 
Crozier in 1965-66 by W. B. Emison. 

W. B. Emison and presented here (Figure 2). In 1965-66 the ratio 
of 2-chick broods to total broods declined from 71 percent at hatching 
to 18 percent just before fledging, coincident with an increase in 1- 
chick broods from 29 to 82 percent. This decline in 2-chick broods in 
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1965-66 is apparently typical of all years at Crozier. Probably it is 
more often the younger breeders that lose their second chicks. 

DISCUSSION 

The chick growth pattern.--The Ad61ie Penguin growth curve is simi- 
lar to that of some alcids, especially Common Puffins (Fratercula 
arctica; Karataschew, 1960, in Lack, 1968; Belopol'skii, 1961; Myrbeget, 
1962, in Lack, 1968) and Cassin's Auklets (Ptychoramphus aleutica; 
Thoresen, 1964). Ad61ie chicks from single broods attain 90-108 per- 
cent adult minimum weight and then fall to 75-89 percent of it at 
fledging. Similarly, Cassin's Auklets reach 90 percent adult weight 
before falling to 70 percent, and Common Puffins reach 75 percent 
adult weight and fall to 67 percent. Both alcids have broods of one 
chick. Less-than-adult maximum chick weights of penguins and alcids 
suggests that feeding irregularity (see Lack, 1968: 270) is not a great 
problem for the chicks, compared to those species in which chicks gain 
fat reserves to weigh significantly more than adults at some stage 
in development. For example, young Manx Shearwaters (Puffinus puf- 
finus) reach almost 150 percent adult weight before losing fat stores 
prior to fledging at 120 percent adult weight (Harris, 1966). 

Fledglings of some other aldds, for example the Razorbill (Alca torda) 
and Common Murre (Uria aalge), are less than adult weight (Bent, 
1919; Fisher and Lockley, 1954) but they are accompanied to sea by 
adults. Ad61ie Penguin and Cassin's Auklet fledglings are not accom- 
panied and therefore must find food on their own. Yet they weigh 
less than adults and thus do not have extra fat stores. Lack of extra 

fat is also apparent in dissected individuals. Therefore successful forag- 
ing is probably not so great a problem for them as, for example, Manx 
Shearwater fledglings, which are also independent but which weigh 20 
percent more than adults. They thus have fat reserves to protect 
against initial foraging difficulties. 

Decline in 2-chick broods.--Foraging is apparently difficult enough 
for adult Ad61ie Penguins that they can raise one chick much more easily 
than two. This is evident from the facts that chicks from 1-chick broods 

weigh more than those from 2-chick broods, and that most 2-chick 
broods lose a chick before fledging time. 

Ad61ies begin incubation with the first egg and thus the second hatches 
later than the first. This results in chicks of the same nest being of 
different age, growth stage, and size. Emison (pers. comm.) found that 
parents with two chicks brought less than twice as much food as those 
having one chick. As proper weight and nutrition are important for 
fledgling survival, second chicks survive best in years of plentiful food 
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when parents can more easily double their food catch. In addition, 
second chicks in any year have a better chance for survival when they 
are of older parents. 

Delayed breeding.--Ad•lies raise more and heavier chicks as they 
age from 3 to 6 years. Furthermore previous breeding experience does 
not increase a birds' ability to raise heavier chicks. This suggests that 
as a bird ages the increase in ability to raise heavier fledglings depends 
more on what is learned with accumulated years of experience at sea 
rather than the experience in interacting with mates, eggs, and chicks 
during breeding. Older birds, because they have spent more time at 
sea, might be better able to catch more food per feeding trip and/or 
be quicker in catching food so that their chicks are fed more often 
than those of younger birds. Emison (1968) found that the amount 
of food different parents brought to their chicks per feeding varied 
from 300 to 1,100 g, and he suggested that this wide range could be 
due to a range in age and consequential foraging ability of the parents 
sampled. 

About 3-12 percent of female Ad•lie Penguins breed for the first 
time when 3 years of age and a similar percentage of males first breed 
when 4 years of age. Ad•lies do not breed when younger (LeResche et 
al., 1970; Ainley, MS). One factor favoring delayed breeding is that 
younger birds do not have the foraging skill needed to sustain simul- 
taneously both themselves and a chick. Their foraging ability becomes 
adequate by 3 or 4 years of age, but perhaps does not reach its peak 
until 7-8 years of age for it is birds of this age and older that are more 
likely to raise full-sized broods. 

Thus for Ad•lie Penguins a breeding delay allows them sufficient 
time to acquire the necessary foraging skill to rear young successfully. 
Lack (1968) suggested this possible explanation for delayed breeding 
in several long-lived birds. Additional evidence in support of this 
hypothesis has been presented for Brown Pelicans (Pelecanus occidentalis) 
by Orians (1969) and for Little Blue Herons (Florida caerulea) by 
Recher and Recher (1969). Immatures of these species were shown 
to be significantly less successful at foraging than were adults. 
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