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GENERAL DISCUSSION

Jeroen C.S. Creuwels



INTRODUCTION

This study started as a component of a long-term research project on the ecology of 
fulmarine petrels, to provide basic information on their survival, recruitment, breeding 
success, and chick diets. The main focus of this research was on the Antarctic Petrel. 
This species is very well adapted to life in an extreme polar environment. It has the 
southernmost breeding distribution of any bird and the majority of this species breeds 
in far inland colonies. Antarctic Petrels collect their food within or close to the pack 
ice throughout the annual cycle and are faced with a very narrow time window that 
is available for reproduction at high latitudes. Breeding too early may be expected to 
lead to loss of eggs, and too late could result in loss of nearly fledged chicks.

The study site at Ardery Island offered the possibility of comparison with 
other fulmarine species. We decided to investigate two species being the earliest and 
the latest fulmarine species breeding since their breeding success might be expected to 
be most heavily affected by the short summer seasons in Antarctica. Therefore, it was 
decided to study the breeding and foraging ecology of Antarctic Petrels (Thalassoica 
antarctica) and Southern Fulmars (Fulmarus glacialoides) with special emphasis on 
daily monitoring of nests during the whole breeding season.

The study showed that despite their close relationship, these two Antarctic 
fulmarine petrel species differ in several significant aspects of their breeding 
ecology. Earlier studies had already indicated differences in timing of breeding and 
foraging strategy (Norman et al. 1992, Hodum 1999, 2002, Van Franeker 2001). These 
and other differences between the species were investigated in Chapters 2 and 3, 
analyzing details in patterns of nest failures over time, colony and nest attendance 
and chick provisioning rates. Predation of the study species by visiting Southern 
Giant Petrels (Macronectes giganteus) took us by surprise in terms of causes as well 
as consequences (Chapter 4). These events served to redirect research attention in 
part to population assessments of the predator (Chapter 5) which also revealed a 
remarkable type of mortality of that predator while breeding (Chapter 6). Finally, 
a compilation of breeding distribution and abundance data of Southern Fulmars 
was produced (Chapter 7) to complement similar reviews of the Antarctic Petrel and 
other fulmarines, and to illustrate the distributional background behind differences 
in breeding strategy from that of the Antarctic Petrel. 
 In Table 1 an overview is given of the main ecological variables for the 
breeding biology of the Antarctic Petrel and the Southern Fulmar, which are described 
in Chapter 2 and 3. The table is supplemented with additional information from 
other chapters and relevant similarities and differences between both species will be 
discussed in the appropriate sections below.
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Table 1. Overview of variables on the breeding biology of Antarctic Petrels and Southern 
Fulmars. For each parameter average values are given over all seasons when available. Between 
parentheses is indicated in which chapter more speci� c details can be found.

Antarctic Petrel Southern Fulmar

ADULT WEIGHT

Average adult weight 678g 800g 

BREEDING SUCCESS (CH. 2)

Overall breeding success 36.5% 35.0%

Egg failure during egg laying period 30.1% 17.7%

Overall hatching success 53.3% 52.5%

Fledging success 68.5% 66.7%

Chick mortality until 3 days after end of guarding 90.9% 14.8%

COLONY ATTENDANCE (CH. 2)

Arrival adults at colony Begin Oct Mid Oct

Colony absence during pre-laying exodus complete partial

Presence of adults in colony in Feb -Mar <5 % 20-30%

BREEDING BIOLOGY (CH. 2)

Date of egg laying 25 Nov 11 Dec

Date of chick hatching 11 Jan 26 Jan

Date of chick � edging 01 Mar 17 Mar

Incubation period (days) 47.7 46.5

Guarding period (days) 14.3 20.1

Chick period (days) 48.7 50.1

Total breeding period (days) 96.6 96.6

FORAGING (CH. 2, 3, BOX 2)

Foraging trip length during incubation (days)* 17.2 8.8

Foraging trip length during chick period (days)* 2.5 1.3

Distance to main foraging area (km) 150-250 <100

Meal size (g) 141 135

Chick provisioning rate (g/day) 140 265

CHICK GROWTH (CH. 3)

Age at peak mass (days) 33.6 35.3

Date of peak mass 13 Feb 02 Mar

chick growth rate until peak mass (g/day) 29.3 33.9

Chick loss rate after peak mass (g/day) 20.4 21.1

Maximum chick mass (g) 920 1119

Maximum chick mass (of adult mass) 136% 140%
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BREEDING SUCCESS

Overall breeding success
Breeding success of Antarctic Petrels and Southern Fulmars was studied from egg-
laying until � edging during three seasons. Large annual variation in breeding success 
(the percentage of eggs that results in � edged chicks) occurred, but the trend was similar 
in both species (Fig. 1) and within each season we found no differences between the 
species. Heavy snowfall and thick snow cover affected both species especially during 
the 1996-97 season, most evidently in Antarctic Petrels. The extremely poor success of 
Antarctic Petrels in this year continued a trend observed in preceding seasons (1984-
85, 1986-87 and 1990-91) and was found to be connected to snow-related predation in 
especially the early egg phase.

Within the three study seasons of the present project, the trend of breeding success of 
both species changed direction and increased signi� cantly to peak values in the last 
season of 48.1 % success for Southern Fulmars and even 57.4% success for Antarctic 
Petrels. Average values over three seasons were, respectively, 35.0% and 36.5% (Table 
1). For these species, an average breeding success of c. 35% is probably normal. 
Hodum (2002) observed that Southern Fulmars had an overall breeding success of 
30-55% and Antarctic Petrels of about 20-30% in two seasons on the Rauer Islands. 
At Terre Adélie, Southern Fulmars showed an average breeding success of 70% over 
39 years (Jenouvrier et al. 2003), but this value is probably in� ated because surveys 
appear to miss the egg-laying period and thus the early breeding failures in this 
period. Furthermore, nests in this colony are checked with large time intervals. We 
noticed that even a daily schedule is probably not suf� cient to record all breeding 
attempts and failures, especially in an eventful season as 1996-97. 

Table 1. Continued.

Fledging chick mass (g) 622 812

Fledging chick mass (of adult mass) 92% 102%

MOULT (BOX 1)

Start primary moult non-breeding individuals 15 Jan 28 Dec

Start primary moult breeding individuals 4 Feb 21 Jan

First fully moulted bird in colony - 9 Mar

BREEDING DISTRIBUTION (CH. 7)

Distribution of breeding colonies (in latitude) 66° - 80°S 54° - 69°S

Main breeding distribution (geography) continental oceanic islands

* trip length is calculated as twice the mean incubation shift or fasting interval
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Figure 1. Number of active nests of Antarctic Petrels (A) and Southern Fulmars (B) in study 
plots on Ardery Island. For Antarctic Petrels, the values of seasons before 1996 are added. An 
active nest is a nest with an egg or chick that is not evidently failed or fledged. The exact date 
of egg failures is not easy to determine, and only when an egg has rolled out, has been deserted 
for prolonged time or has disappeared it was counted as being failed. Missing chicks less than 
45 days old were considered as being failed, and older chicks as having fledged. Note the dif-
ferences in both x-axes.
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Egg failure
Egg failures occur through a variety of causes which are not always easy to disentangle. 
For example, a petrel egg that is left unattended and is consequently predated by 
South Polar Skuas (Catharacta maccormicki) may have been laid by an unpaired bird, 
or by a female that after egg-laying had to wait too long for her partner to return, or 
the incubating bird was scared off the nest by an other cause like a predating Southern 
Giant Petrel or a ‘lost’ penguin stumbling through the nesting area. What is then the 
ultimate cause? In only very few occasions the causes for failures are unambiguous, 
such as the occurrence of an avalanche or falling rocks as has been recorded for 
Arctic seabirds (Mallory et al. 2009). Especially in the beginning of the 1996-97 season, 
when snow made nest sites and painted rock numbers invisible and a considerable 
proportion of unbanded birds was involved, it was difficult to investigate in detail the 
causes of egg mortality. Another example is an egg that is unsuccessfully incubated 
and does not hatch: such an egg may simply be infertile, or maybe it was exposed 
too long to the cold, or it suffered a small but lethal crack because of lack of breeding 
experience, a nest dispute, or short panic flights for approaching predators. 
 Egg failure due to disturbance by our research activities is suggested to be 
negligible, as both species were usually highly tolerant to our entering of the colony 
and our slow and careful movements between nests. Furthermore birds in study 
plots became habituated to human presence and handling, e.g. to check bands and 
presence of eggs. Of course, occasionally nervous individuals (each year about one or 
two in the colony) were encountered which were subsequently avoided. In the very 
few cases where our activity led to temporary egg desertion, we always remained 
in the vicinity to protect the egg against skuas until the parent had returned. True 
control plots to investigate effects of researcher disturbance are very difficult to 
realize. However, over the early years up to 1996, the downward trends in breeding 
success in the Antarctic Petrel study area also occurred in a bordering reference area 
and no significant difference could be detected (Chapter 4). 

From Fig. 1 it cannot be deduced exactly when the egg failures occur. In the 
early egg-laying period rapid failures immediately reduce the number of active nests 
counted in the daily surveys. Some eggs may be missed completely if they are laid and 
disappear in between two colony surveys on subsequent days. Failure dates later in 
the season are also often difficult to determine because parents stay on their nests and 
continue incubating even when the egg had already failed (infertile, cracked, frozen 
during temporary desertion). Some birds continue to incubate foul eggs, sometimes 
for long periods, even after all other eggs have hatched.

Chick mortality
In procellariiformes, elevated levels of chick mortality are generally found just 
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after chick hatching (Warham 1990). On Ardery Island this did not seem to be the 
case. Among Southern Fulmars only four out of 39 chick failures (10%) comprised 
young chicks (age five days or younger), and among Antarctic Petrels young chicks 
comprised only one out of 23 (4%) chick failures. We did on the other hand find 
enhanced mortality at the end of the guarding time among Antarctic Petrels chicks. 
Similar to all other breeding events, Antarctic Petrels stop guarding their chicks in 
a synchronized manner, and more than 90% of all chick failures occurred within 
three days after chicks were left unattended by their parents (Table 1). Such a strong 
synchronization and mortality was not found among Southern Fulmars chicks, whose 
parents guarded them on average 6 days longer.

Chick predation occurred by South Polar Skuas, which are known to take 
small chicks when they are unattended. South Polar Skuas quickly removed chicks 
from the colony, and only very occasionally we were able to witness such a predatory 
event. After a chick has been taken no traces were left in the colony, thus a chick less 
than about 15-20 days old that has suddenly disappeared, was generally assumed to 
be taken by skuas. We assumed therefore that most victims at the end of the guarding 
period were taken by skuas. In contrast, Southern Giant Petrels were in this stage not 
often seen predating on chicks, although these chicks seem an easy prey.

Late in the season, snow facilitated access to the study colonies for predatory 
Southern Giant Petrels. In a few cases in the second half of the chick period a Southern 
Giant Petrel walked into the colony and grabbed and partially ate 3-4 chicks. This 
was observed in the Antarctic Petrel reference colony and in the Southern Fulmar 
study area: foot prints in snow were clear proofs of the culprits. The left-over and at 
best half-eaten corpses of chicks were subsequently removed by skuas. In Southern 
Fulmars most of the chick failure in the last two weeks of the chick period could be 
contributed to Southern Giant Petrel predation.

Timing of breeding failures
The different timing of the breeding biology and breeding failures between both 
species on Ardery Island are summarised in Fig. 2. The graph shows how the breeding 
events and breeding failures are related: 
Egg loss. Antarctic Petrels loose eggs at a higher rate in the early stage of the breeding 

cycle and consequently have fewer active nests in this period than Southern 
Fulmars.

Chick loss at the end of the guarding period. Antarctic Petrels experience elevated 
chick mortality when parents leave their chick unattended. Southern Fulmars 
guard their chicks longer and after egg laying, breeding failures occur at a 
relatively stable rate.

Chick loss at a later stage of the chick period. Antarctic Petrels have very little 
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Figure 2. Overview of breeding events and breeding success in Antarctic Petrels (A) and  Southern 
Fulmars (B). Percentage of active nests of each year were averaged over three years. The periods 
in which certain breeding events occurred are represented by grey bars: egg = egg laying, 
hatch = hatching of chick, ‘guard’ = the end of the guarding period, � edge = � edging of chick. 
See text for more explanation.
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mortality in the second half of the chick period.

Percentage of breeding pairs 
The number of pairs in a colony that is attempting to breed is often not very well 
correlated with the number of successful nests (Barbraud & Weimerskirch 2001, 
Olivier et al. 2005). We calculated therefore the ‘percentage of breeding pairs’, which 
is de� ned as the number of nests on which an egg was laid divided by the number of 
monitored nest sites times 100 (Barbraud & Weimerskirch 2001, Jenouvrier et al. 2003). 
We determined the number of monitored nest sites as those nests with an egg in at 
least one of the three study seasons. In total, Antarctic Petrels laid eggs on 70 different 
nest sites and Southern Fulmars on 100 different nest sites during three seasons. So 
we monitored respectively 70 and 100 nest sites.

The percentage of breeding pairs of Antarctic Petrels increased from 41% in 
1996-97 to 77 % in both 1997-98 and 1998-99. Such a large difference could be explained 
partly because the number of (potential) breeding individuals was reduced by 
predation by Southern Giant Petrels in the � rst season. There was, however, another 
reason that could explain the low number of eggs observed. Due to blizzard conditions 
we missed a few days of nest monitoring in the egg-laying period. Many eggs were 
laid in snow or on icy nests and due to the disturbance of visiting Southern Giant 
Petrels Antarctic Petrels were regularly temporarily leaving their nest. This may have 
offered opportunities for egg predation to South Polar Skuas. As a consequence, it is 
uncertain whether fewer eggs were observed because birds were skipping a breeding 
season due to the extremely unfavourable conditions in that year, or because eggs 
disappeared so fast that many were not seen at all. The situation was different in the 
last two seasons, when 54 eggs were laid. This number was identical to the number 
of eggs laid in 1985-86 and could suggest that in those years all favourable sites in 
the area were occupied. The Antarctic Petrel study colony was relatively small and 
physically bounded by steep cliffs and large boulders, but also by a neighbouring 
Southern Fulmar colony. The nests in this colony are thus packed in a small area with 
relatively few possibilities for new nests.
 The percentage of breeding pairs of Southern Fulmars increased from 67% 
in 1996-97 to 81% in the 1998-99 season. This species experienced much less Southern 
Giant Petrel predation and laid their eggs later, when more snow had disappeared. The 
Southern Fulmar study area extended over a large area (600 m2) with relatively much 
space between the nests. Most new nest sites, however, appeared at the boundaries 
of the colony, where breeding birds were often unbanded and less successful than 
birds in the core of the colony. Possibly these birds were young or inexperienced 
birds with little breeding experience. We noticed that these new nest sites were not 
always suitable, with eggs rolling regularly out of nests, sometimes resulting in birds 
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incubating two and in one case, three eggs. Petrels have a large urge to breed and 
easily accept extra eggs, although they have an incubation patch for only one egg. 
None of these multi-egg nests produced a chick. 
 Procellariiformes are generally known as birds that are very faithful to their 
nest sites (Warham 1990). Nevertheless, we found a relatively high variability in 
nest sites being used. This was reflected in the number of sites that were only used 
once during the three study seasons: 29% for Antarctic Petrels and 21% for Southern 
Fulmars. Furthermore, only 23% of the Antarctic Petrel nest sites and 44% of the 
Southern Fulmar had an egg in all three seasons. 

TIME CONSTRAINTS FOR BREEDING IN ANTARCTICA

General observations
Compared to similarly sized relatives, the short time used by fulmarine petrels to 
complete their breeding supports the idea of a narrow time window available for 
these species in high Antarctic conditions. Synchronicity in breeding would be 
stimulated under such conditions. Indeed, both Southern Fulmars and Antarctic 
Petrels were highly synchronous in their egg-laying, with the latter species timing 
egg-laying even more tightly (Chapter 2). But the remarkable issue remains that 
Southern Fulmars and Antarctic Petrels exhibited a consistent difference of 16 days 
in the mean date of egg-laying. Van Franeker (2001) speculated that Antarctic Petrels 
can begin earlier because of their capability of flying longer distances over closed 
sea ice. Wing morphology studies by Dijkstra (2003) support such different flight 
specialization. Southern Fulmars would therefore have to wait for sufficient open 
water in the vicinity before commencing breeding. Although the time difference 
between the species did not result in differences in breeding success, we did find a 
clear difference in the timing of the breeding failures (Chapter 3). Mortality of chicks 
late in the season is relatively costly and occurred mainly in Southern Fulmars and 
less in Antarctic Petrels. Raising offspring is highly demanding and could lead to 
reduced post-breeding body condition during the moult and winter period, and can 
even lead to skipping the next breeding season. To which extent such ‘sabbatical’ 
years, i.e. years in which pairs refrain from breeding, occur in fulmarines is not yet 
very clear. It is worthwhile to continue to investigate the conditions, which affect the 
breeding success during the initial and final periods of the narrow time window and 
the potential impact it may have on the life cycle of breeding individuals. 
  
Conditions in early season
Snowfall and accumulation of snow early in the breeding season are a fact of life for 
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petrels breeding in Antarctica. To some extent, birds are able to dig out their nest 
sites at their first arrival or after the pre-laying period of absence. However, as we 
clearly observed in the 1996-97 season, there are limits to this capability. When thick 
snowdrifts covered parts of the traditional nest locations it proved impossible for 
many birds to dig down to ‘bare ground’ and they had to lay eggs on snow. Especially 
in the first two seasons we found occasions when the warm egg was melting its way 
into the ice. When the bird still decided to breed on such an ice site, the egg melted 
itself deep into the ice through the warmth it transferred. On Ardery Island, the 
snowdrifts also allowed access for an unusual predator, the Southern Giant Petrel, 
which was in turn responsible for associated egg predation by skuas. 

However, even without the snow issue, predation pressure might differ 
given the timing of egg-laying. Almost 30% of all breeding failures of Antarctic Petrels 
occurred before the Southern Fulmars even started to breed. Since the Antarctic Petrel 
is the earliest to breed, its eggs are the first available resource for South Polar Skuas 
which may exacerbate predation pressure on early breeding. Antarctic Petrels had a 
higher rate of failure in the early season than Southern Fulmars (Chapter 2) which 
gives support to the hypothesis that the narrow time-window causes a constraint for 
breeding for the early species. 

Conditions in late season
The narrow time-window hypothesis also predicts that late breeders would face 
higher costs or risk of failure towards the end of the season. An obvious example 
of this was found in the last season when heavy snow showers occurred for about a 
week and high snow cover developed. Southern Fulmar chicks became buried and 
were deprived from parental feedings for prolonged periods of time, which led to 
early fledging in poorer condition. Antarctic Petrel chicks were about to fledge at 
that time and were more mobile and seemingly willing to leave the nest to move to a 
more sheltered spot as needed. Thus, the heavy snow had little consequences for their 
fledging. Although these extreme conditions were only found during one season, it 
does not mean that they are insignificant. Our results showed that in the season 1998-
99 in Southern Fulmars almost half of all chick failures or almost a quarter of all 
breeding efforts failed in the final stages of the chick period due to snow. Heavy snow 
may cut off food provisioning by parents, may change predator access, and may act 
through melt water and refreezing. Catastrophic years with low breeding success are 
not unusual for long-lived species (Wooller et al. 1992, Chastel et al. 1993, Saether et 
al. 1997). 

A late season condition that emerged from the chick feeding study (Chapter 
3) was the obvious reluctance of both species to come into the colony during darkness. 
Frequency distributions of chick-feeding over different hours of the daily cycle 
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suggest that birds returning to the island during darkness wait with coming ashore 
until twilight, leading to peak numbers of adults feeding their chicks in morning 
dawn. Because of their early breeding, Antarctic Petrels experience almost continuous 
daylight. They therefore hardly have to take into account at what time of the day 
they return to the colony, allowing distant foraging and instant decisions to return to 
the chick. Southern fulmars are more restricted because they face more twilight and 
dark conditions, are less agile flyers and have more problems during landing (Cowan 
1979, Orton 1968). 

Chick growth 
Southern Fulmars should complete the chick period before weather conditions 
deteriorate at the end of the season. One could expect that the late hatching Southern 
Fulmars might try to contract the chick period. We found a higher maximum growth 
rate in Southern Fulmars, and although the difference was small, it was significant 
(Chapter 3). Southern Fulmar chicks are about 20% larger than Antarctic Petrel 
chicks, and thus expected to have longer chick periods, which is not the case (Table 
1). The slightly higher growth rate may have contracted the chick period but chicks 
of Southern Fulmars were still reaching peak weight and fledging at a later age 
and were heavier at the time of fledging than Antarctic Petrel chicks (Table 1). This 
could be interpreted as a way of how Southern Fulmars fit their chick period in the 
short time frame that is still left of the Antarctic summer. However, it is also possible 
that Southern Fulmar chicks need more body reserves because they face worse 
environmental conditions and a larger extent of frozen sea when they fledge. Thus 
the Southern Fulmar fledglings have to fly further to reach open waters to find their 
own food for the first time.

Moult
The timing of the moult is another aspect of the annual cycle that deserves attention in 
relation to early or late breeding. Feather synthesis is highly energy demanding and the 
moult of the wing feathers of the adults will reduce flight capacity. The high energetic 
costs of raising a chick and feather moult forces adult petrels to avoid overlap of both 
episodes when possible (Stresemann & Stresemann 1966). But postponing moult to 
autumn or early winter, when foraging conditions deteriorate, means a risk for adult 
winter survival. Southern Fulmars start moulting earlier than Antarctic Petrels (Table 
1), especially if the difference in timing of breeding is taken into account. Based on 
their body size Southern Fulmars bring lighter meals to their chicks than Antarctic 
Petrels (Chapter 3). The start of the wing moult by parent Southern Fulmars relatively 
early in the breeding season, is probably related to other aspects of their breeding 
strategy. Overall, they have a more rate-maximising foraging strategy, with frequent 
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short foraging trips and spending more time in the colony in between the trips.

ADULT SURVIVAL

Being covered by snow is usually not a problem for adult birds. At various occasions 
in different seasons, birds were observed to be sitting under 10-15 cm snow cover, 
apparently quite undisturbed. Snow cover may even offer shelter, and there is 
apparently enough oxygen to breath. However, there is a risk attached to remaining 
on the nest when it becomes covered by snow. Evidence for this was discovered in 
two Southern Giant Petrels that we found on the Frazier Islands (Chapter 6). Their 
emaciated condition and the presence of their egg suggested that they were not 
sitting voluntary. Also, on Frazier Islands there was evidence that much snow cover 
had recently disappeared, especially from the valleys where the largest colonies were 
situated. Based on our observations of smaller fulmarine petrels, we suggest that 
other factors were leading to the death of both individuals. If the top layer for some 
reason gets icy the oxygen supply through the snow might fall below a critical level. 
Additionally, even when suf� cient oxygen remains, an icy crust on the snow could 
trap the birds and prevent their escape. 

On Ardery Island, all cases of adult mortality of the smaller fulmarines were 
caused by predation. In the ringed Antarctic Petrel population, mortality within the 
1996-97 breeding season was over 15%, whereas normally it is less than 4% in a full 
year (Chapter 4). Even among new individuals gradually banded in 1996-97, about 
10% died from predation by Southern Giant Petrels. Remarkably, even during chick 
periods, the Southern Giant Petrels seemed to prefer predation of adults over chicks, 
but our observations were infrequent. One reason to avoid chicks could be that the 
nestlings have much more stomach oil which can be successfully used in defending 
against predators.

CONTRASTING PROVISIONING STRATEGIES

The two species differ remarkably in the duration of their foraging trips, despite 
the similarity in chick diet (Chapter 3). Because the meal size did not differ much 
between the species, this resulted in a much higher chick provisioning rate in Southern 
Fulmars. However, the meal mass might not be a good indicator of the energy density 
of the meal. Most procellariiformes have the capability to process food in the stomach 
to produce an oil of high caloric value. In comparison to Southern Fulmars, Antarctic 
Petrels carry more highly processed food back to the colony, and the food delivered to 
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chicks contains larger proportions of stomach oil (Norman & Ward 1992, Van Franeker 
2001), i.e. they deliver meals of higher energy density. Further research on this aspect 
could include investigating details of energy content of the meals delivered by both 
species.

Despite the large differences in chick provisioning between the species, 
the differences of chick growth were small and we suggest that the daily amount 
of energy in kJ delivered to chick is more related to growth rates than the amount 
of food in grams. Furthermore, allocation of energy within a chick might differ 
between the species e.g. due to differences in gut capacity, thermoregulation or tissue 
development. It has been shown that chicks of Southern Fulmars need more energy for 
thermoregulation and have a higher metabolism (Hodum & Weathers 2003, Weathers 
et al. 2000) than Antarctic Petrel chicks. Consequently, Southern Fulmar chicks are less 
efficient in converting food mass into chick mass. Antarctic Petrels chicks might have 
evolved ways to withstand longer fasting periods and colder temperatures, which 
probably relates to their breeding distribution. 

BREEDING DISTRIBUTION

Differences in breeding and foraging strategies may explain why both species breed 
in different areas of Antarctica (summarized in Table 1). Antarctic Petrels breed along 
the Antarctic coast and especially in continental colonies, and its largest colonies are 
found between 72°S and 67°S (Van Franeker et al. 1999). In comparison, the highest 
concentrations of breeding Southern Fulmars are found at lower latitudes (64°S and 
more northerly) on the islands of the Scotia Sea arc and on Bouvet Island (Chapter 
7). The coast of East Antarctica (between 50°E and 150°E) is therefore the only place 
where their breeding ranges overlap (Fig. 3). There are 18 known localities where 
both species breed sympatrically, although Southern Fulmars colonies in the area of 
overlap are relatively small (<5000 breeding pairs) and comprise only 3% of its global 
breeding population.

FORAGING AREAS

Based on differences in details of species composition in the diet of chick provisioning 
individuals, Van Franeker (2001) suggested foraging by Antarctic Petrels takes place 
in more distant offshore areas and by Southern Fulmars in the nearby shelf. This 
corresponds with the longer foraging shifts observed in the Antarctic Petrels (Table 
1). Especially during early spring and during their incubation period when there 
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Figure 3. Breeding distribution of Antarctic Petrels (grey dots) and Southern Fulmar (black 
dots) and. Map shows that overlap of the breeding distribution only occurs along the coast of 
East Antarctica between 50°E and 150°E (numbers of breeding localities from Van Franeker et 

al. 1999, Chapter 7)

171



is still much sea-ice present, Antarctic Petrel make long extremely foraging trips 
(Chapter 2). However, prolonging the duration of foraging shifts might also be part 
of an efficiency-maximizing provisioning behaviour (Ydenberg 2007) in which the 
foraging areas are not necessarily at greater distance from the colony. By processing 
food into stomach oil Antarctic Petrels reduce the transport cost in terms of energy 
delivered to the chicks (Chapter 3). These foraging efforts might be further optimized 
by spending more time for self-feeding at the foraging grounds. 
 During a pilot project on foraging ecology of fulmarine petrels, a few 
individuals of both study species were fitted with satellite tracking devices. 
Preliminary tracking results confirm the hypothesis of further foraging in Antarctic 
Petrels as derived from the dietary differences (Box 2, Table 1). Spatial overlap in 
foraging areas of the two species does occur but is limited. Antarctic Petrels on the 
way to their foraging areas or on their return voyage cross the feeding grounds of 
Southern Fulmars around Ardery Island and may occasionally feed in these areas. 
Southern Fulmars were generally foraging closer to the colony (mostly within a circle 
of 50 km around the island) and making more short trips than Antarctic Petrels.

CONCLUDING REMARKS

We have shown that Southern Fulmars and Antarctic Petrels use different strategies 
to solve the problem of completing their breeding cycle in a narrow time window in 
Antarctica. Southern Fulmars are not able to start breeding early, suffer proportionally 
higher breeding failure late in the season after considerable energy investment, and 
therefore exhibit an overlap in their breeding and moult season. Although Antarctic 
Petrels breed earlier, they are probably also time constrained and hence they stop 
chick guarding earlier, deserting the chick long before it fledges. They possibly finish 
their rearing duties in this way in order to start moulting their wing feathers. 
  Climate change may affect the breeding and distribution of both species 
along the coast of East Antarctica differently. For example, a reduced extent of sea-ice 
in spring might favour Southern Fulmars as they would have less areas of sea-ice to 
cross to reach their breeding habitat, allowing a somewhat earlier start of breeding. 
Also, Antarctic Petrels could have shorter foraging distances because their favourite 
ice habitat might be situated closer to the breeding colonies. In East Antarctica, 
however, the temperature remained stable but sea-ice extent increased during the 
last 50 years, resulting in a later start of breeding in Antarctic seabirds (including 
Southern Fulmars and possibly Antarctic Petrels) (Barbraud & Weimerskirch 2006). 
A shift of breeding seasons might results in more or less interspecific competition for 
nest localities. Changes in snowfall patterns are likely to occur in a changing climate 
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and may seriously affect both species through effects on the suitability of current 
nesting areas and predation pressure. 

Differences in sea-ice cover and temperatures can also alter the supply of 
food resources, such as krill and fish. A larger extent of sea-ice in winter is expected 
to improve food conditions and therefore affecting breeding performance and adult 
survival of fulmarine petrels in East Antarctica in different ways (Barbraud et al. 2000, 
Barbraud & Weimerskirch 2001, 2006, Jenouvrier et al. 2003, Olivier et al. 2005). Also 
different food supply might influence foraging and chick provisioning strategies of 
fulmarine petrels. Monitoring CEMP parameters in fulmarine petrels may generate 
results that reflect such changes in the ecosystem. The extent to which demographic 
parameters of seabird populations reflect the changes in harvestable food stocks 
requires more study since this thesis has shown that demographic parameters like 
breeding effort, breeding success and adult survival can be heavily influenced by 
changes in weather conditions at the local scale.
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