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The behaviour of Cape gannets and the consequences
for their chicks and population dynamics
at Malgas and Ichaboe Islands; a comparison

Ralf H.E. Mullers

CHAPTER7

In this thesis, I have aimed to obtain insights in the behavioural mechanisms
underlying Cape gannet (Morus capensis) population dynamics. The use of high-
tech GPS loggers provided very detailed information about the whereabouts and
travelling speed of the birds, enabling us to make inferences on behaviour based
on our interpretation of the position and speed of the focal bird.

I spent four breeding seasons in two Cape gannet breeding colonies. I studied
how individuals deal with their dynamical environment by observing behaviour
and interactions with other species, intervening as little as possible. My principal
concern was that I might not be able to capture in data what I witnessed
happening in the colonies. After two breeding seasons I realised that by focussing
on GPS data, we were missing valuable data from the breeding colonies. We there-
fore commenced nest observations to describe the parental attendance and provi-
sioning behaviour and predation at the nest. Variation in foraging trips might be
determined by diet choice so we started to collect diet samples from individuals
equipped with GPS devices, and also of other birds to detect any seasonal varia-
tion in diet choice.

In this chapter I integrate the findings presented in the previous chapters
focussing on the comparison between the Cape gannets breeding at Malgas (South
Africa) and Ichaboe Island (Namibia) between 2003/04 and 2006/07. I discuss the
patterns in the light of new data on food availability.



FOOD AVAILABILITY

Fishery returns
The two main fish forage species in the Benguela ecosystem are anchovies (Engraulis
encrasicolus) and sardines (Sardinops sagax) (Shannon & O’Toole 2003). They are an
important food source for several endemic seabird species (Berruti et al. 1993,
Crawford & Dyer 1995, Crawford 2007). I recently obtained data on the annual
fishery catches (from 1950 to 2006) of anchovies and sardines for Namibia and South
Africa from Marine and Coastal Management (MCM). These fishery data give an
indication of the availability of these fish to Cape gannets, although there are consid-
erable differences in foraging strategies between the purse-seine fisheries and
gannets. Gannets catch pelagic prey during the day and exploit only the top few
meters of the water column (Ropert-Coudert et al. 2004a, b). Commercial fisheries
catch the same prey species mostly during the night and can set their nets to much
greater depths. Also, the fishery returns reflect both the availability of fish and the
fishing effort, which varies between years and between areas. The presence of adult
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Figure 7.1. Annual fish catches of anchovy and sardine in Namibia (top panel) and South Africa
(bottom panel) between 1950 and 2005.



anchovies off the Western Cape, for example, was already documented in gannet diet
at the time that the fisheries did not catch any (Berruti et al. 1993). Nevertheless, it is
of interest to report the fishery returns as a start.

In the Namibian waters the catches of sardines were at a maximum in 1968 (1.4
million tons), but in the following years they collapsed due to extensive over-fishing
(Crawford 1999, Crawford et al. 2007a; Fig. 7.1). Between 1979 and 2005 about 0.05
million tons (SD 0.03) of sardines were caught annually. Anchovies provided an alter-
native for the pelagic fisheries throughout the whole 1970s and most of the 1980s, but
from 1990 onwards, anchovies were also caught in low amounts (0.016 million t y-1 ±
0.022). For the South African fisheries we see the same decrease in sardine catch,
which preceded the collapse in Namibia by a few years (Fig. 7.1). The catches
remained low until 1994, after which there was a steady increase to 0.3 million ton in
2005. Between 1965 and 1994 anchovies were caught in large amounts in South Africa
(0.26 million t y-1 ± 0.11, Fig. 7.1) and provided an alternative for sardines for both the
fisheries and the Cape gannets (Crawford et al. 2007a).

During my study (2003-2006) no anchovies were caught in Namibia and 0.20
million t y-1 (SD 0.07) by the South African fisheries. Sardines were caught in smaller
quantities in Namibia (0.025 million t y-1 ± 0.004) than in South Africa (0.28 million
t y-1 ± 0.07). Food conditions thus seemed to be better around Malgas Island than
around the colony at Ichaboe. However, the catches in the South African waters
shifted to more eastward fishing grounds, coinciding with the distributional shift of
anchovies and sardines (van der Lingen et al. 2005, Fairweather et al. 2006). In 2005,
the centre of gravity of anchovy and sardine catches was near Cape Agulhas, about
300 km from Malgas (Fairweather et al. 2006).

DIET

Cape gannet diet at Malgas and Ichaboe
Berruti and co-workers (1993) collected diet samples from Cape gannets at Malgas
Island between 1978 and 1989. During the breeding season (from October to
February) 70.9% of the diet samples consisted of anchovies and sardines (in
frequency of occurrence, from Table 2 in Berruti et al. 1993). In the same period the
proportion of saury (Scomberesox saurus) in the samples was 22.8% and the propor-
tion of fishery discards (hakes Merluccius capensis and M. paradoxus) only 2%. The
authors concluded that “The occurrence of hake in gannet diets, available as trawler
offal throughout the year in deeper waters, seems to be associated with a lack of
shoaling fish inshore”.

For Cape gannets from Ichaboe and Malgas we presented diet data from birds
equipped with GPS loggers (Fig. 5.4, chapter 5). Gannets from Malgas had a larger
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proportion of anchovy and sardine in their diet than birds from Ichaboe, but also a
larger proportion of fishery discards (fishery discards: 37.8% and 16.1% respectively,
in frequency of occurrence). The larger fishery returns of anchovies and sardines in
the South African waters were thus reflected in the gannet diet at Malgas.
Nevertheless, during parts of the breeding season a possible lack of inshore shoaling
fish forced Malgas gannets to scavenge behind fishing trawlers. The proportion of
fishery discards in the diet was on average 23.7% (chapter 2), but varied considerably
during the breeding season. In October 2005, for example, the situation was particu-
larly poor, as 92% of the gannet diet consisted of fishery discards (Pichegru et al.
2007). Overall there was a larger proportion of live prey in the diet at Ichaboe, mainly
saury and horse mackerel (Trachurus trachurus), at least in 2004/05 and 2005/06. This
would suggest that gannets from Ichaboe could catch other live prey to compensate
for the lack of anchovies and sardines, and were less dependent on fishery discards.

In 2005/06 and 2006/07 we randomly collected additional diet samples from
gannets at Ichaboe. We listed the prey species in each diet sample and categorised
prey in four groups as in chapter 2: “anchovy & sardine”, “saury”, “fishery discards”
and “other”. Gannet diet consisted for the largest part of saury and fish prey in the
category “other”, mainly horse mackerel and snoek (Thyrsites atun) (Fig. 7.2). Only a
small fraction of the diet consisted of anchovies and sardines and the proportion of
fish offal was 21% during the two years. The proportion fishery discards increased in
the diet in 2006/07 (25.2% vs. 17.3% in 2005/06), suggesting a decrease in the avail-
ability of live prey. This is consistent with the increase in trip durations of parent
gannets and the decrease in chick growth and survival we measured on Ichaboe in
February 2007 (chapter 3).

Traditionally gannets from Ichaboe have a large proportion of fishery discards in
their diet (T. Delport, pers. comm.). At the neighbouring Mercury Island, gannets
returned with horse mackerel and saury in 2003/04 (Lewis et al. 2006). These were the
main prey items in gannet diet at Ichaboe during the three following years. Possibly a
shift in the fish distribution made these prey species available for gannets from
Ichaboe. Data on such a shift are however not available (J.-P. Roux, pers. comm.).

Seasonality in diet
Changes in diet reflect changes in prey distribution (Montevecchi & Myers 1995), or
breeding status (Annett & Pierotti 1999). Sardines are the most profitable prey species
for Cape gannets (Batchelor & Ross 1984, Adams & Klages 1999), but anchovies
provide a good alternative (Berruti et al. 1993, Crawford 1999). When anchovies and
sardines were not available at the beginning of the breeding season, scavenging for
fishery discards seemed to be the only alternative for gannets from Malgas (chapter
2). The proportion of fishery discards in the diet decreased during the breeding
season (Fig. 2.2, chapter 2). From January onwards saury became available and domi-
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nated gannet diets. The pronounced seasonality in the diet of Malgas gannets (Berruti
et al. 1993) reflects the more dynamic oceanographic conditions (Shannon 1985) and
greater seasonality in plankton and fish prey (Shannon & Pillar 1986) around Malgas
Island.

Seasonal variation was less pronounced in the gannet diet on Ichaboe (Fig. 7.2).
Fishery discards occurred throughout the breeding season and only a small propor-
tion of the diet was made up by anchovies and sardines. In contrast with Malgas (Fig.
2.2, chapter 2), there was a slight decrease in the proportion of saury in the diet
through the breeding season. Other prey species such as horse mackerel and snoek
replaced saury. Overall, the abundance of live prey was probably lower at Ichaboe, as
fishery discards occurred in gannet diet throughout the breeding season. Nonetheless
the availability of live prey seemed to be more predictable at each moment of the
breeding season.

This information on fish availability and Cape gannet diet composition provides a
background to the interpretation of our findings on Cape gannet behaviour and
breeding success presented in chapter 2-6.
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Figure 7.2. The proportion of four prey categories in the diet of Cape gannets at Ichaboe Island
throughout the breeding season. Diet samples were collected in 2005/06 and 2006/07 from
breeding adults.

In conclusion, at Malgas Island gannets used fishery discards at the beginning and
saury at the end of the breeding season as an alternative for the decreased avail-
ability of anchovies and sardines, whereas at Ichaboe birds could compensate with
other live prey throughout the year.



FORAGING BEHAVIOUR

Foraging trip duration and total distance covered by gannets from Malgas Island
increased from 2003/04 to 2006/07 (Table 5.4, chapter 5). This coincided with the
south-eastward shift in distribution of anchovies and sardines (van der Lingen et al.
2005). The reduced availability of these species nearby the colony either increased the
search time for prey in the same feeding area, or gannets expanded their foraging
ranges in search for (alternative) prey (Boyd et al. 1994, Suryan et al. 2002). Gannets
allocated less time to hunting during foraging trips in 2005/06 and 2006/07
compared to 2003/04 and 2004/05 (Table 5.4, chapter 5), but increased the diving rate
(number of dives per hour hunting) during four years (Correlation diving rate and
year: r = 0.604, n = 340, P < 0.001). The boundaries of the foraging area reached from
about 130 km north of Malgas to 300 km south-east, near Cape Agulhas (Fig. 7.3) and
extended further north and south than in previous studies (Grémillet et al. 2004,
Adams & Navarro 2005). As a consequence the overlap in foraging ranges with
gannets from Lambert’s Bay was larger than assumed by Grémillet et al. (2004),
which may have led to increased competition between gannets from the two colonies,
even more so during periods with lower food availability. Gannets from Malgas both
increased their foraging ranges and needed more dives to catch sufficient prey.

During our study, the Namibian fisheries returned with few anchovies and no
sardines from the fishing grounds. Gannets from Ichaboe Island showed the same, as
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Figure 7.3. Density map of Cape gannet foraging positions around Malgas Island. Data are from
442 foraging tracks collected during four breeding seasons. We used Kernel analysis to smoothen
all the GPS fixes of foraging locations. We used a search radius of 5 km and grid size (0.01º grid,
appr. 1.11 x 0.94 km). The density represents the smoothed number of position fixes per grid cell.



only 4-6% of the diet samples contained anchovies. The foraging trips at Ichaboe
showed no variation in duration within and between years and gannets made trips of
486 km on average (Table 5.4, chapter 5). This suggests a predictable environment
during the three years of our study. In 2003/04, the year before we visited Ichaboe for
the first time, Lewis and co-workers (2006) found that gannets from Ichaboe made
foraging trips of 21.6 h (n = 28) and their diet contained predominantly fishery
discards. In the three following breeding seasons, gannets from Ichaboe increased
their average trip duration with 5 h (chapter 5), possibly increasing their foraging
ranges (Fig. 7.4), and their diet consisted for 80% of live prey throughout the breeding
season. The gannets that returned with fishery discards made foraging trips that were
on average 25.9 h, those returning with live-caught prey 26.6 h (not significantly
different). Therefore little energetic profit could be gained from scavenging, given the
low energy content of discards (Batchelor & Ross 1984). At Malgas gannets that scav-
enged for fishery discards made trips that were on average 5 h shorter than birds
feeding for live prey.
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FOOD RETURN

Food brought back to colony
I have some data available on the weight of food brought back by Cape gannet
parents to their young. Also Marine and Coastal Management (MCM) and the
Namibian Ministry of Fisheries and Marine Resources (MFMR) collected diet
samples throughout the breeding season at both colonies in 2005/06 and 2006/07 (for
description of sampling method see chapter 2 or Berutti et al. 1993). The weight of 199
diet samples that consisted of a single prey species was determined. Gannets from
Ichaboe brought on average 43 g more fish back than gannets from Malgas (Malgas:
153.1 g ± 104.8, n = 169; Ichaboe: 196.1 g ± 98.0, n = 30; One-way ANOVA: F1,197 = 4.4,
P = 0.038). Diet samples with anchovies and sardines (at Malgas) were 52.9 g lighter
than diet samples consisting fishery discards (anchovy and sardine: 126.3 g ± 77.3,
n = 38; saury: 142.3 g ± 122.9, n = 61; fishery discards: 179.2 g ± 98.5, n = 65; One-Way
ANOVA: F2,161 = 3.6, P = 0.029).

We estimated food loads in a different way. Chicks older than 7 weeks have
maximum energy requirements to sustain growth and survival (R. Navarro, in prep.)
and are assumed to be large enough to receive a full parental stomach content of food.
We waited in the colony for adult birds to come back from foraging trips. If their chicks
would be older than 7 weeks we caught the chick immediately after arrival of the
parent and weighed it to the nearest 25 g. We put it back on the nest, let the parent feed
it and weigh the chick again after approximately one hour. The weight differences
between the two measurements are an indication of the food load received. At Malgas
gannets fed on average 334 g (± 157, n = 19) to their chicks and at Ichaboe 364 g (± 104,
n = 11). After correction for wing length and time elapsed between the mass measure-
ments, the food loads did not differ significantly in mass between the islands (GLM:
island F1,26 = 0.4, P = 0.532; wing F1,26 = 4.3, P = 0.048; time F1,26 = 2.4, P = 0.134).
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To summarize, Cape gannets from both islands had larger foraging ranges than
previously reported. This may be a response to decreased food availability. This
interpretation is supported by the finding that chick-rearing gannets from both
colonies fed fishery discards to their chicks. Ichaboe gannets made longer foraging
trips, hunted more during trips and had larger foraging ranges than gannets from
Malgas. Malgas gannets made considerably more dives during foraging than at
Ichaboe and increased their trip duration during for years. Scavenging behind
fishing trawlers substantially decreased average trip duration at Malgas, but not at
Ichaboe.



The estimates of food loads are quite different between the two methods
presented above. MCM and MFMR collected diet samples by forcing gannets to
regurgitate (Berruti et al. 1993). With this method it is uncertain whether the whole
stomach content is collected. Comparing the weights with the method in which we
measured the chicks after feeding, it seems that gannets only regurgitated parts of
their stomach content.

Food received per hour
Due to the variation in trip duration, the provisioning rates probably differed
between Malgas and Ichaboe. Therefore I calculate the amount of food chicks
received per hour, by dividing the estimates of food loads by the average trip dura-
tion in the same year(s) derived from GPS loggers (Table 5.4, chapter 5). This is
possibly an underestimation, as we only equipped gannets with GPS loggers when
the partner was at the nest. Unattended foraging trips are shorter, perhaps increasing
provisioning rates to the chick (Lewis et al. 2004) and when the chick is old enough,
parents typically leave the chick alone to increase provisioning rates. The estimate
results in 12.8 g h-1 at Malgas and 13.5 g h-1 at Ichaboe respectively (5.5% more).

DAILY ENERGY EXPENDITURE

Despite considerable differences in foraging behaviour between Cape gannets from
Malgas and Ichaboe, average daily energy expenditure (DEE) during foraging trips
was 4203 kJ d-1, about 5.5 times BMR (chapter 6), and did not differ between the
islands. Gannets may operate close to their sustainable energetic limits, as proposed
by Lewis et al. (2006) and Pichegru et al. (2007), or at a similar optimal DEE. Energy
expenditure was similar to a study in 1981/82 (Adams et al. 1991), when gannets
from Malgas spent 6.0 times BMR during foraging trips. Due to the deteriorated
availability of good quality food, the energy gain during foraging in 2005/06 and
2006/07 was probably to be lower than during the study of Adams. This would limit
the behavioural flexibility of Cape gannets from an energetic perspective.

Variation in DEE was positively associated with the fraction flying during
foraging trips. Compared to hunting for live prey, scavenging for discards is energeti-
cally cheap, especially at Malgas, as it involves shorter foraging trips, less time spent
flying and fewer dives (chapter 5). For birds that may be feeding at their energetic
limits this would be an attractive alternative. Pichegru et al. (2007) calculated from a
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This suggests that chicks at Ichaboe may receive more food per hour than chick
from Malgas.



bio-energetic model that Cape gannet parents would need 1415 g of fishery discards
per day to sustain the energy requirements of themselves and their young. For a bird
of 2.5 kg this is more than 50% of its own body mass and possibly not sustainable. We
also showed the importance of lipid-rich food for chick growth and survival (chapter
2). Due to the low energy and lipid contents of discards (Batchelor & Ross 1984, FAO
1989), parents are thus faced with a trade-off between foraging costs and reproduc-
tive success. Gannets should only forage for fishery discards if there is no other alter-
native (Berruti et al. 1993, Adams & Klages 1999). Outside the breeding season Cape
gannets can survive long periods on fishery discards (Grémillet et al. 2008), perhaps
by reduced DEE when they spend the winter at sea.

As a long-lived species, Cape gannets are expected not to jeopardize their own
survival and thus their chances on future reproduction (Williams 1966). We indeed
found no association between parental body condition and chick growth or survival
(chapter 3), indicating that parents did not increase their effort to rear their chicks
(Mauck & Grubb 1995, Weimerskirch et al. 2000c, Navarro et al. 2007) at the costs of
their own body condition. This is consistent with our finding that gannets in a better
body condition made shorter trips, and thus possibly increased provisioning rates
(chapter 6), and were able to compensate for increased foraging costs (chapter 4). 

CHICK GROWTH

Both food availability per se and its predictability in time and space are crucial
parameters affecting breeding success in a seasonal environment (Siikamäki 1998).
Seabirds forage in a patchy and dynamic habitat (Weeks et al. 2006) with fluctuations
in prey availability throughout the breeding season (Suryan et al. 2002, Le Corre et al.
2003). The protracted chick rearing period in seabirds (Lack 1968) adds to the impact
of such seasonal variation. Local food conditions around Malgas can change consid-
erably between early October and late February. In this dynamic environment, we
expect short-term fluctuations in growth rates throughout the colony (Shea & Ricklefs
1996; Le Corre et al. 2003). At Malgas, growth of gannet chicks on colony level indeed
showed considerable intra-seasonal variation. Growth decreased during the breeding
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Average DEE during foraging trips was 4203 kJ d-1 and did not differ between the
two colonies, despite considerable differences in foraging behaviour. Malgas birds
foraged under weaker wind conditions than at Ichaboe, so probably the costs of
taking off after each plunge dive may have been substantially higher. Therefore
Malgas birds may have used the relative large fraction of their foraging trips
drifting on the sea surface to recover from high foraging costs.



season in most, but not all years (chapter 2). Between 5 and 11% of the variance in
gannet chick growth is attributed to year and measuring intervals, similar to results
of Shea and Ricklefs (1996) in their study on six species of tropical seabirds.

The quality of seabird diet is important for the growth of their chicks (Batchelor &
Ross 1984, Golet et al. 2000, Litzow et al. 2002, Wanless et al. 2005). Growth rates for
gannet chicks reared at Malgas were positively correlated with the proportion of the
lipid-rich anchovy and sardine in the diet. We found no relationship between the
proportion of fishery discards and chick growth, because parents brought back more
discards per food load in partial compensation for the lower energetic contents
(Pichegru et al. 2007, this study ‘gannet returns’). At Ichaboe anchovy and sardine
were too rare in the diet to analyse such relationships. Fish prey was probably less
abundant here (longer foraging trips and a constant proportion of fishery discards in
the diet (± 21%) throughout the breeding season), but more predictable (little varia-
tion in foraging trip lengths and diet composition between and within years) than at
Malgas. The more predictable food sources enabled parents to bring back more food
to the chicks than at Malgas. Consequently, their chicks grew faster than at Malgas
during three consecutive years and were heavier at fledging in 2005/06. However,
chick growth decreased faster during the breeding season than at Malgas (Table 7.1).

COMPARISON BETWEEN MALGAS AND ICHABOE
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Number of dives B (SE) F1,130 P

IIntercept 1.19 (0.17) 57.3 < 0.001
Island 63.1 < 0.001 **

Malgas -1.28 (0.16)
Year 2.9 0.034 *

2003/04 0.17 (0.06)
2004/05 0.04 (0.06)
2005/06 0.07 (0.06)

Day -0.009 (0.001) 55.0 < 0.001 **
Island x day 22.2 < 0.001 **

Magas x day 0.007 (0.001)

Table 7.1. Results from a GLM testing the variation in chick growth at Malgas and Ichaboe for
seasonality.

During three consecutive breeding seasons, chicks at Ichaboe were growing faster
than the chicks at Malgas. At Malgas, chick growth was associated with the quality
of their food and fishery discards were no alternative for growing chicks. At
Ichaboe, gannet parents brought back more food to their chicks, which sustained
faster growth. Chick growth was also less seasonal at Malgas than at Ichaboe.



CHICK SURVIVAL

Breeding success in both colonies was difficult to monitor, due to the long chick
rearing period of Cape gannets (Jarvis 1974) and the difference in onset of breeding of
several months between pairs (Staverees et al. 2008). During the first two breeding
seasons we determined survival of chicks until 12 weeks of age at Malgas (chapter 2).
61% of the chicks survived in 2003/04 and 55% in 2004/05. Each year, MCM (South
Africa) and MFMR (Namibia) monitor breeding success in all gannet colonies. Due to
differences in the methods, we could not compare these results to our data, but we
could compare the fledgling rates from MCM with MFMR, as they use the same
method. At Malgas, the average number of fledglings per pair of Cape gannets was
estimated to be 0.42 in 2003/04 (Makhado et al. 2006). At Ichaboe, gannet pairs raised
on average 0.51 chicks in 2004/05 and 0.84 in 2005/06 (T. Delport, unpublished data).
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Although the data are limited, gannet pairs at Ichaboe appear to have fledged
more young than pairs from Malgas.



CAPE GANNET POPULATION DYNAMICS

At the beginning of our project we predicted that Cape gannets from Malgas Island
(SA) would make shorter foraging trips, spend less energy and rear chicks that grow
faster and have higher survival rates than birds from Ichaboe (Namibia). These
expectations were based on the ongoing declines of breeding Cape gannets in
Namibia and the increase in population numbers in South Africa. However, since a
distributional shift of both anchovies and sardines (van der Lingen et al. 2005)
gannets breeding at Malgas also declined in numbers. The reduced availability of
anchovies and sardines has affected Cape gannets from both colonies differently.
Here I will discuss which factors were associated with gannet population changes.
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Malgas (S.A.) Ichaboe (Nam.) chapter

Food availability
fishery returns (anchovy & sardine) 0.500 tons y-1 > 0.025 tons y-1 7

Diet
proportion anchovy & sardine 26.1% > 5.5% 2,5,7
proportion fishery discards 23.7% / 37.8% ? 20.1% 2,5,7
seasonality in diet + > _ 2, 7

Foraging behaviour
trip duration 24.6 h < 26.8 h 5
commuting 10.9% ≈ 10.6% 5,6
hunting 32.4% < 50.3% 5,6
drifting 56.7% > 39.1% 5,6

Food return
per trip 153.1 g < 196.1 g 7

334.2 g ≈ 363.6 g 7
per hour 12.8 g h-1 ? 13.5 g h-1 7

DEE
at sea metabolic rates 4212 kJ d-1 ≈ 4093 kJ d-1 6

Chick growth
growth index (z-score) -0.129 < 0.212 2, 5

Chick survival
fledging rate 42% < 68% and 87% 2, 5

Overview of the results showing the comparisons between Cape gannet colonies at Malgas Island
and Ichaboe Island. Statistically significant differences between the colonies and the direction of
effects are indicated by < and >. Question marks indicate that no statistical test was performed.
Chapters are mentioned where more information can be found.



Malgas Island
During periods of poor food availability, opportunistic predators, e.g. great skuas or
gulls, increase their predation pressure on other seabirds (Becker 1984, Phillips et al.
1997, Yorio & Quintana 1997). The intensity of predation can be so severe that popu-
lation growth is negatively affected (Heubeck et al. 1999). At Malgas Island predation
pressure by kelp gulls (Larus dominicanus) (pers. obs.), great white pelicans (Pelecanus
onocrotalus) (de Ponte Machado 2007) and Cape fur seals (Arctocephalus pusillus
pusillus) (Makhado et al. 2006) on Cape gannet offspring increased dramatically over
the last few years. The three predators switched to foraging on gannet chicks because
their original food source decreased during the last few years. For each of these pred-
ators I will estimate the impact they had on gannet breeding success.

Cape gannets breeding at the periphery of the colony are more vulnerable to egg
and chick predation by kelp gulls (chapter 2). Kelp gulls snatch eggs or small chicks
from underneath parent gannets when these are occupied with their greeting cere-
mony or during nest relief. We counted the number of broken egg shells around the
colony between 8 November and 19 December 2004 to estimate the number of gannet
eggs taken daily by kelp gulls (Navarro & Mateos, unpublished data). On average
kelp gulls took 104 eggs per day (± 112.6, n = 15 days), consistent with estimates from
Ryan (2007). Let us assume that this predation pressure would last for one month,
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and would increase and decrease gradually at either side of this period for one
month. Then a total of approximately 6000 eggs would be taken, about 17% of all
eggs in 2005/06 (Crawford et al. 2007a). Hatching success, which includes predation,
infertile eggs and eggs lost in different ways, was about 77% (Nelson 1978 and
unpublished data this study).

Besides eggs, kelp gulls also take a considerable number of small (less than two
weeks old) and medium sized (between two and four weeks old) chicks (Photo 7.1).
Often kelp gulls approach nests from the ground (Yorio & Quintana 1997), but I have
also observed attacks from the air on chicks in the interior of the colony. We moni-
tored breeding success at the periphery and interior of the colony in 2003/04 and
2004/05 (chapter two). Chick mortality (until 12 weeks) was 42%, and was higher at
the edge of the colony (56%) than in the centre (31%). In 2005/06 and 2006/07, we
observed nest attendance during six periods. From 119 nests observed, 6 chicks died
from starvation, 46 were predated and 5 chicks died of unknown cause. Overall
mortality (48%) was comparable to our observations on nesting success and at least
81% of this mortality was caused by kelp gulls. The chick mortality rate of 42%
would lead to a breeding success of 0.58 (1 – 0.42), if no further mortality occurs after
twelve weeks.
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In 2005/06 we observed great white pelicans predating on Cape gannet chicks (L.
Pichegru, pers. comm.). The number of pelicans visiting Malgas increased consider-
ably the next year and the predation pressure also went up. At the beginning of the
breeding season in 2006/07 the pelicans mainly targeted Cape cormorants (Phala-
crocorax capensis) and crowned cormorants (Phalacrocorax coronatus) (Photo 7.2).
After they ate all available cormorant chicks, pelicans started predating on gannet
chicks. Large groups of pelicans would typically patrol the gannet colony and look
for chicks alone on the nest. Chicks from 500 g up to 2 kg (about 3-6 weeks old)
would be taken (Photo 7.3) and swallowed whole. From preliminary data we esti-
mated that on average 45 pelicans were visiting the breeding colony daily, although
sometimes groups of 100 to 150 pelicans were observed (de Ponte Machado, pers.
comm.). Each pelican would take 2-3 gannets chicks. If we make a conservative esti-
mate, then pelicans killed at least 90 chicks per day. Pelicans would thus eat 4000
gannet chicks (11% of the number of chicks in 2005/06, Crawford et al. 2007a) if they
would feed in the colony for one-and-a-half month.

At the end of the breeding season Cape gannet fledglings gather at the edge of the
colony to wait for profitable wind conditions. In strong winds they leave the island en
masse and try to take off from the water. Whilst practising their flight on the water,
they are an easy prey for Cape fur seals. The seals would approach gannet fledglings
from underneath and attack with one or two bites on the abdomen. On windy days
more than 450 fledglings could be attacked (Makhado et al. 2006). On such days two
or three charges were made by the seals and only body parts of gannets with a lot of
fat were eaten. The fledglings would swim back to the island and die of their injuries
on the rocks (Photo 7.4). On less windy days, only few fledglings were in the water
and when these birds were caught by seals, the complete bird was eaten. The impact
of the predation by seals is substantial; in 2000/01, 2003/04 and 2005/06 between
5.700 and 10.800 gannet fledglings were estimated to be killed by seals annually
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(Makhado et al. 2006). That was between 29% and 83% of all fledglings. On average
about 50% of the gannet fledglings were killed by Cape fur seals in each year.

With these approximations I could estimate the number of gannet fledglings that
would leave Malgas Island successfully after the breeding season. In 2005/06 the
number of breeding pairs was about 36.000 (Crawford et al. 2007a), each laying one
egg. The hatching success of gannet eggs is about 77%, which includes predation by
kelp gulls, so 27.720 chicks out of 36.000 would hatch. Of these chicks about 58% or
16.078 chicks fledge. Cape fur seals kill half the number of fledglings, hence 8.039
gannet fledgling would leave the island successfully. This is 0.22 chicks per gannet
pair. If we incorporate the (recent) impact of pelican predation as well, this number
decreased further. In 2006/07, about 4.000 gannet chicks were eaten or killed by peli-
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cans, so approximately 6.039 fledglings would leave the island, or 0.17 chicks per
pair. Underhill & Crawford (2007) showed that the minimum number of fledglings
per gannet pair to maintain the population at the same size is 0.32. Since my esti-
mates of chick mortality are conservative, it is likely that even fewer fledglings leave
the colony, and certainly insufficient numbers to compensate for adult losses.

The recent population declines support the conclusion that predation at Malgas
Island is currently beyond a level that allows colony size to be sustainable. Cape
gannets first breed when 3 or 4 years old (Nelson 1978). We may therefore only
expect the consequences of the increased predation pressures to become noticeable in
the following years. I predict that the Cape gannet colony at Malgas will decrease
even further and management measures are needed to protect the gannets from
further declines.

Ichaboe Island
Lewis et al. (2006) predicted that breeding success of Cape gannets on the Namibian
islands would be constrained by food availability during the breeding season. In
2003/04, chicks in the Namibian colonies received less energy per day than the South
African chicks and Lewis expected the growth and survival of these chicks to be
lower as well. During the subsequent three breeding seasons Ichaboe chicks grew
faster and fledgling success was higher than at Malgas during two years. Predation
pressure in the colony was low during our study, due to conservation measures taken
by the local authorities. Only in 2006/07 predation by kelp gulls contributed substan-
tially to decreased breeding success of gannets. During deterioration of the food
conditions, adults increased their food intake and left chicks alone that were too
young (< 30 days), which were then vulnerable for predation by gulls (chapter 3). Du
Toit and co-workers (2004) reported that around Ichaboe Cape fur seals also killed
gannet fledglings, but only about a hundred annually between 1991 and 2000. This
predation pressure would be too low to significantly contribute to the Cape gannet
population decline at Ichaboe. Pelicans have not been seen in the Namibian colonies.
In 2004/05 gannet pairs raised 0.51 chicks and in 2005/06 they raised 0.84 chicks,
which is more than the 0.32 chicks needed to keep the population at the same size
(Underhill & Crawford 2007). So, contrary to predictions, at Ichaboe breeding success
seemed not to be limited by food availability, at least not during our study.

Despite the higher fledging rates at Ichaboe, the breeding population declined
faster from 2001 to 2005 than at Malgas. We must conclude that post-fledging or adult
survival rather than reproductive success has been the cause of this decline. The post-
fledging period is characterized by high mortality (e.g., Francis et al. 1992, Altwegg et
al. 2003), depending on fledging mass (Jarvis 1978, Magrath 1991, van der Jeugd &
Larsson 1998) or fledging date (Verhulst & Tinbergen 1991, Harris et al. 1992). In the
first few months after fledging, juvenile gannets have to learn to catch their own prey.
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If food availability is poor this might be difficult and increase mortality rates (Orians
1969, Dunn 1972, Weimerskirch 2002). Ultimately low post-fledging survival could
affect population sizes in subsequent breeding seasons (Todd et al. 2003, Robinson et
al. 2004). Annual survival of adult seabirds is generally high (Weimerskirch 2002), but
can decrease in periods of poor food availability (Schreiber & Schreiber 1984,
Barbraud & Weimerskirch 2001). The low food availability in the Namibian waters
potentially decreased survival of adult gannets. However, these are only speculations
and insights in survival of both juveniles and adults are needed to identify proximate
causes of population declines in the Namibian colonies.

Seabirds typically show low fecundity and high annual survival rates (Furness &
Monaghan 1987) and poor reproduction must thus be sustained to have an effect on
population dynamics. Ideally population growth should be used as a response vari-
able in which extrinsic factors are used as explanatory variables (Sibly & Hone 2002).
In the absence of detailed demographic data on Cape gannets during the years of our
study we can not make such precise assessment. My main conclusion is that
processes during the breeding season, mainly predation pressure, influenced popula-
tion dynamics at Malgas (SA), whereas the mortality of juveniles, sub-adults or
adults outside the breeding season were most likely associated with the population
declines at Ichaboe (Nam).
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