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TIMING OF NEST RELIEF AND ITS EFFECT ON
BREEDING SUCCESS IN ADELIE PENGUINS

(PYGOSCELIS ADELIAE)

LLOYD S. DAVIS

ABSTRACT.—1I determined the fates of 259 eggs laid by 130 pairs of banded
Adelie Penguins (Pygoscelis adeliae) at Cape Bird, Antarctica (77°13'10"S,
166°28'30”E). Failure of penguins to return from feeding at sea in time to relieve
their mates at the nest resulted in the desertion of 48 eggs (47.5% of all egg losses)
and the starvation of 29 chicks (35.4% of all chick losses). Eggs were more likely
to be deserted if they belonged to parents that had bred either very early or very
late. Most eggs were deserted when females did not return in time to relieve their
mates from the First Incubation Spell, so that the risk of desertion became ap-
preciable only after the eggs were 16 days old. Starvation was especially likely
when chicks were 6-8 days old, largely because males did not return to relieve the
females, particularly from the Second Incubation Spell. Pairs that successfully
completed nest relief regulated the total duration of the First and Second Incu-
bation Spells, keeping it slightly less than the duration of the incubation period.

Eggs and chicks of Adelie Penguins (Pygoscelis
adeliae) are lost in considerable numbers, yet
the causes and dimensions of mortality have
had little direct study. Most information on
the subject has hitherto been gained inciden-
tally during studies of other aspects of the
birds’ biology. Many workers have provided
gross estimates of breeding success, but only
Taylor (1962) and Spurr (1975) attempted to
quantify factors responsible for egg and chick
losses. However, in even the most detailed of
these studies (Spurr 1975), the cause of mor-
tality and the age at which it occurred were
monitored only at 10-day intervals for eggs
and five-day intervals for chicks. As a result,
fully 59% of egg losses and 20% of chick losses
were to unknown causes. Spurr did note that
desertion and starvation were major causes of
egg and chick mortality, respectively, but he
could not ascertain the reason for most of the
desertions, and thought starvation resulted
solely from the death of one parent. Although
Yeates (1968) proposed that long incubation
spells increase the incidence of desertion, re-
searchers have neither suggested that Adelie
Penguins are able to regulate the length of their
incubation spells, nor presented any direct evi-
dence that the timing of nest relief is respon-
sible for desertion and starvation.

I monitored the survival of a large sample
of eggs and chicks by keeping them under reg-
ular and frequent surveillance and in this way
was able to determine the causes of mortality
more accurately than has been done previ-
ously. I followed the nest relief cycles of pairs
of penguins in which the individuals were
readily distinguishable because at least one of
the pair was banded.

METHODS

I monitored fates of 259 eggs belonging to 130
pairs of Adelie Penguins in H-block of the
Northern Rookery (Knox and Ensor 1978),
Cape Bird, Ross Island, Antarctica (77°13'10"S,
166°28'30"E) during a study carried out there
between 23 October 1977 and 24 January
1978. At least one member of each pair was
marked with aluminum alloy flipper bands, of
the type used by the U.S.A.R.P. Bird Banding
Program (Sladen and LeResche 1970), and its
back was painted with a coded combination
of a letter and numerals, before breeding be-
gan. Sex was determined either from copula-
tory position or a combination of behavioral
criteria (Sladen 1958:23-24).

H-block contained 452 nests in six colonies.
Locations of all nests, including the 130 be-
longing to the banded pairs, were mapped with
reference to rock markers and surrounding
nests. I inspected the nests in sequence each
morning, usually from 09:00 to 12:00. I could
often see the contents of a nest if the attending
bird altered its position on it. In most cases,
however, I used a long bamboo pole to slightly
lift the rear ends of nesting penguins and ex-
pose the nest’s contents. This minimized dis-
turbance to the birds since, in contrast to other
studies (Penney 1968, Tenaza 1971), I did not
enter the colonies and the penguins remained
on their nests.

I recorded dates of laying and hatching for
all eggs; dates and reasons for the loss of any
egg or chick; and, in the case of the banded
pairs, the identities of the attending bird and
the dates of nest relief. “Very early” and “very
late” breeders were defined as pairs whose first
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egg was laid earlier or later, respectively, than
one standard deviation from the mean date for
first eggs. I restrict this paper to the fates of
those eggs and chicks of pairs in which at least
one member was banded, due to the unequiv-
ocal nature of the evidence, although I found
no significant difference in the proportion of
chicks that fledged (i.e., were alive on 24 Jan-
uary) from the eggs of banded and unbanded
pairs (x*> = 3.12, P > 0.095).

I define the “First Incubation Spell” (FIS)
as the period from the laying of the last egg in
the clutch until the sitting bird is relieved by
its mate. The “Second Incubation Spell”” (SIS)
begins then and continues until the first bird
returns and takes over the nest again. To es-
tablish the normal mean duration of the FIS
and SIS, I considered only those pairs that
successfully completed both spells, and in
which the male incubated first.

To compute the risk of desertion and star-
vation for eggs and chicks, respectively, I used
the SPSS computer program “survival” (Hull
and Nie 1979), which evaluates the elapsed
time between a starting event (laying or hatch-
ing) and a terminal event (desertion or star-
vation). The survival of the 259 eggs and 158
chicks of the banded pairs was examined at
age intervals of two days. For each interval,
the number of eggs or chicks exposed to risk
was calculated as the number entering the in-
terval minus one-half the number dying during
that interval of causes other than desertion or
starvation (or those eggs that hatched, or
chicks that fledged [survived to 24 January]).
{(Eggs incubated for longer than 38 days after
the completion of the clutch [r# = 10] were as-
sumed to have been addled or infertile, and
were treated arbitrarily in the analysis as hav-
ing been lost within the two-day interval im-
mediately following laying.) The hazard rate
was then computed as the proportion of those
exposed to risk that died of desertions or star-
vations in a given interval, divided by the av-
erage number of survivors at the mid-point of
that interval. This hazard function gives the
probability that an individual egg or chick,
which has survived to the beginning of a two-
day interval, will die of desertion or starvation
within that interval.

To determine the disturbance that my fre-
quent observations had on H-block, I used 39
colonies in A-, B-, C-, and G-blocks of the
rookery as a control group that I visited only
twice during the study. The first visit was be-
tween 28-30 November, at which time the
number of nests with an adult in attendance
(the number of occupied nests) in each colony
was counted. This figure closely approximated
the number of incubating pairs present, since
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most non-breeders were absent at that time
(Penney 1968). The control colonies were vis-
ited again between 20-21 January, at which
time I recorded the number of chicks present.
I followed identical procedures for the colonies
in H-block. Breeding success was then ex-
pressed as the number of chicks alive on 20-21
January per occupied nest on 28-30 Novem-
ber, which is an approximate estimate of the
number of chicks fledged per nest. Although
the average breeding success for colonies in
H-block (0.73 chicks/occupied nest) was
slightly less than that in the control colonies
(0.88 chicks/occupied nest), this difference is
not significant (P > 0.05, Mann-Whitney U-
test [one-tailed]), and may be related to the
high density of South Polar Skuas (Catharacta
maccormicki) then present in H-block com-
pared to the rest of the rookery (Davis 1980).

RESULTS

Adelie Penguins began to arrive at H-block on
24 October. Males usually returned to the
rookery before their mates (in 16 [67%] of 24
cases where one member of a pair was known
to have been in the colony before the other)
and selected nest sites. When the females ar-
rived, the birds went through a period of court-
ship which averaged 11 days (range 8-16 days,
n = 31) until the eggs were laid (6 Nov. to 1
Dec., £ = 12.6 Nov. for first eggs, SD = +3.8
days, n = 452). Females then went to sea, leav-
ing the males to incubate (FIS). After an av-
erage of 16.6 days (range 9-25 days, n = 84),
the females returned and relieved their mates.
Females were subsequently alone at their nests
(SIS) for an average of 12.3 days (range 7-20
days, n = 84). Once males returned from feed-
ing, the mates alternated attendance at their
nests much more frequently (Fig. 1). Chicks
hatched soon after the SIS, following an in-
cubation period of about 34 days (x = 33.7
days for second eggs in the clutch, SD = + 1.1
day, range 32-38 days, n = 192). Frequent
changes of the brooding parent continued until
the end of the “guard stage” (Richdale 1957)
when chicks averaged 22 days of age (range
16-34 days, n = 23). Thereafter, both parents
were usually away from the nest simulta-
neously (the ““creche stage™ [Sladen 1958]).
In 8 of the 130 banded pairs (6.2%), males
went to sea first, but were away so briefly that
the average FIS was only 4.2 days (range 2-7
days, n = 6; the clutches of the other two males
were lost before they returned). All of these
males had been at the colony for a longer pe-
riod than that normally required for courtship
(x = 19 days, range 17-22 days, n = 8). Under
these circumstances, males might require a
brief period to forage at sea to replenish fat
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FIGURE 1.

Nest relief pattern of a banded pair of Adelie Penguins, male A8 and female K1, showing the First and

Second Incubation Spells (FIS and SIS) followed by a more rapidly cycling phase of nest relief. The stippled area
represents the time at the nest. Also indicated are the days on which the eggs were laid (a and b), the chicks hatched
(c and d), and the “guard stage” ended (e). Time 0 was 26 October 1977.

reserves depleted by the long “courtship pe-
riod” before they begin to incubate.

Of 259 eggs laid by the banded pairs (4 one-
egg clutches, 123 two-egg clutches, and 3 three-
egg clutches in which the third egg was laid
after the first was lost within 48 h), 48 (from
27 nests) were deserted because a mate did not
return in time to relieve its partner on the nest.
Thus, these desertions accounted for 18.5% of
all eggs laid, and 47.5% of all egg losses.

Most of the desertions (85%) occurred after
the mean FIS and before the end of the mean
SIS (Fig. 2). My finding that 22 (81%) were
desertions by males that had been on the nest
for longer (up to 29 days) than the average FIS,
without being relieved by their mates, indi-
cates that the timing of nest relief is critical in
precipitating desertions. Of those late females,
eight (36%) were seen at the rookery after their
mates deserted the nest. On the other hand,
the two desertions that occurred after the mean
SIS (day 35 and 36) were both by females
whose males were late returning. The two
seemingly anomalous desertions that occurred
before the end of the mean FIS (day 13) in-
volved unusual incubation routines in which
the female took the FIS.

Since desertions usually resulted only when
females were late in relieving their mates from
the FIS, the hazard to the eggs was virtually
nil until they were 16 days old (Fig. 3). There-
after, the hazard increased rapidly, and was
greatest when eggs were 22-24 days old. The
risk of desertion then subsided briefly, reach-
ing a low level at 30 days, followed by another
peak at 36 days. Males who did not return in
time to relieve females from the SIS (Fig. 2)
were responsible for this second peak. Al-
though the number of desertions at that time
was small, most of the eggs had already
hatched, so that for those few remaining the
hazard of desertion was high.

Pairs that nested very early (on or before 8
Nov.)or very late (17 Nov. or later) were much
more likely to desert (x> = 6.83, P < 0.01)
than those that nested within one standard
deviation (9—-16 Nov.) of the mean laying date.

Twenty-nine (18.4%) chicks from 16 nests,
of the 158 that hatched, died of starvation,
which accounted for 35.4% of all chick losses.
Starvations occurred when a bird failed to re-
turn to the nest in time, thereby leaving its
mate to guard the chicks and consequently
unable to feed them. The risk of starvation was
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FIGURE 2. The frequency of desertion with respect to the time the clutches had been incubated after the completion
of laying (n = 27). Mean duration of the First (FIS) and Second (SIS) Incubation Spells was 16.6 and 12.3 days,
respectively.
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FIGURE 3. Hazard function, calculated from a sample
of 259 eggs belonging to 130 banded pairs of Adelie Pen-
guins, showing the probability that an individual egg that
has survived to the beginning of each two-day interval will
die from desertion within that interval.

especially high when chicks were 6-8 days old
(Fig. 4), remained relatively high until they
were 16 days old, and declined thereafter to
the end of the “guard stage.” At that point, a
parent was no longer bound to stay and guard
the chick(s), and could feed them alone in the
absence of its mate. Presumably, starvations
could occur during the “creche stage” only in
the uncommon event that both parents fail to
return to the colony. In 12 (75%) of the 16
nests in which chicks starved, males did not
return to relieve the females, half of which had
not been relieved from the SIS.

There was considerable variation in the du-
ration of both the FIS (x = 16.6 days, vari-
ance = 13.8 days, n = 84) and SIS (x=12.3
days, variance = 8.4 days, n = 84)in pairs that
completed both of them. The sum of the two
incubation spells for each pair, however, was
much less variable (x = 28.9 days,
variance = 6.9 days, n = 84). In other words,
if a female spent a longer than average time
at sea, her mate spent less than the average
time, and vice versa (r = —0.71, P < 0.001,
y=21.52 — 0.56x, n = 84).

DISCUSSION

Taylor (1962) considered desertions to be a
major cause of egg losses among Adelie Pen-
guins, but thought that they resulted either
from the inexperience of the parents or flood-
ing of nests by thaw water. Spurr (1975) found
that desertions (87% from unknown causes)
accounted for 28% of egg losses, and perhaps
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FIGURE 4. Hazard function, calculated from a sample
of 158 chicks, showing the probability that an individual
chick that has survived to the beginning of each two-day
interval will die from starvation within that interval.

more, since an additional 35% of all eggs lost
disappeared for unknown reasons. However,
simply attributing losses to desertion provides
little information about factors that influence
egg survival, unless the causes of the desertions
are known, since eggs may be lost before the
parent deserts (e.g., to skuas), and the parent
may desert for several reasons (e.g., hunger,
cold).

From my results, the common characteristic
of deserting parents was the fact that they had
been incubating for an abnormally long time,
apparently because their mates had not re-
turned to relieve them. Desertion may there-
fore be a response to the depletion of their fat
reserves. Fasting adult Adelie Penguins lose
about 56 g/day, and after 27 days (the ap-
proximate time normally taken for courtship
and the FIS) the fat reserves of males have
decreased by more than half (Johnson and
West 1973). My results contradict Young’s
(1963:308) assertion that many eggs are sub-
Jject to desertion during the first week of in-
cubation, since the hazard of desertion became
appreciable only after eggs were 16 days old
(i.e., after the mean length of the FIS).

On the basis of only a few observations,
Sapin-Jaloustre (1960) believed that eggs were
deserted when females were absent and males
were fasting (taking the FIS). Yeates (1968,
1975) suggested a connection between the tim-
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ing of nest relief and the incidence of desertion,
arguing that longer incubation spells increased
the latter. He thought, however, that the du-
ration of the incubation spell was mediated by
the climate and he did not propose that pen-
guins themselves regulate the length of their
trips away from the nest (Yeates 1971).

Birds that have the best sense of time might
reasonably be expected to breed when it is
most opportune, since the period of breeding
for Adelie Penguinsisdetermined byacommon
environmental trigger (Spellerberg 1971). Pairs
with the best timing should be those that breed
near the norm (the implied optimum). This
would explain why desertions were most prev-
alent in pairs that bred very early or very late.
Young birds tend to breed very late (Davis
1980), because the members of young breeding
pairs are less synchronous in their arrival at
the rookery than are older pairs (LeResche and
Sladen 1970), i.e., have poorer timing abilities.
(Newly formed pairs of Black-legged Kitti-
wakes [Rissa tridactyla) also cannot co-ordi-
nate their incubation pattern as well as long
established pairs [Coulson 1966].)

My results are consistent with those of Spurr
(1975), who found that 30% of chick deaths
were due to starvation. However, he assumed
that such deaths were caused exclusively by
the loss of one parent, rather than by poor
timing of nest relief by the parent birds. Newly
hatched chicks can survive unfed for 5.5 to 8
days (Reid and Bailey 1966). In my study, the
hazard of starvation was especially high when
the chicks were six to eight days old. That is,
most starvations occurred when chicks were
not fed upon hatching, because one parent
(usually the male) failed to return from feeding
at sea on time (or at all), in which case its
fasting mate (often the female taking the SIS)
was left to guard the nest and was consequently
unable to feed them. Spurr (1975) also found
that chicks starved only during the “guard
stage.” Once both parents are emancipated
from guard duties, each can feed the chick(s)
in the absence of its mate, and the timing of
nest relief ceases to be a mortality factor.

Evidently, many of the tardy parents were
alive. Thirty-six percent of the females who
were late were seen at the rookery subsequent
to the desertions of their mates. Furthermore,
the average mortality during the breeding sea-
son at Cape Bird is only 3.8% for males and
4.6% for females (Spurr 1975), and conse-
quently too low to account for the 33% (43/
130) of all nests afflicted by desertions and
starvations.

The timing of nest relief is apparently crit-
ical, but for reasons that differ, at least initially,
between the sexes. The female must return

from her first spell at sea before the male’s fat
reserves are depleted, which 1s especially crit-
ical because he has already fasted for approx-
imately two weeks before he begins the FIS.
On the other hand, the female has recently
renewed her fat deposits when she begins the
SIS, and it is unlikely that she will desert until
well after the eggs hatch. Hence, it is necessary
that the male return, not before the female’s
fat reserves are consumed, but before the
chicks’ yolk sacs are depleted, so that they will
not starve.

It is essential, therefore, that the parents
reach the stage of the cycle when nest reliefs
are frequent by the time the eggs hatch. Herein
lies the adaptive advantage of having the FIS
and SIS sum, with as little variation as pos-
sible, to slightly less than the incubation period
of the eggs. To achieve this, the male, at least,
must have a sense of timing, such as an en-
dogenous biological clock, which enables him
to measure the duration of the incubation pe-
riod.

Emlen and Penney (1964) showed that
Adelie Penguins do possess a biological clock.
Furthermore, diurnal rhythms have been dem-
onstrated for movements to (Spurr 1978) and
from (Muller-Schwarze 1968, Paulin and Sa-
gar 1977, Davis 1980) the rookery, and in the
number of upright movements made by in-
cubating birds (Derksen 1977).

My data also suggest that individual pen-
guins have a sense of time, and why: for the
Adelie Penguin, breeding success i1s apparently
determined to a large extent by the timing of
nest relief.
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