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Summary



The general aim of this project was to gain quantitative insights on the link between
productivity in the Benguela and Cape gannet reproductive behaviour and demo-
graphics.

FOOD QUALITY AND CHICK GROWTH

In chapter two we investigated the relationship between diet quality and chick
growth of Cape gannets (Morus capensis) at Malgas Island (South Africa). In the
Benguela ecosystem, anchovies (Engraulis encrasicolus) and sardines (Sardinops sagax)
are prey species with high energetic and lipid-content, sustaining large numbers of
predatory fish, marine mammals and seabirds. Due to a recent distributional shift
south-eastwards, the availability of both prey species decreased at the South African
west coast. This prey shift affected Cape gannet foraging behaviour and population
numbers. Fishery discards (pre-dominantly hakes Merluccius capensis and M. para-
doxus) might be an alternative food source, but have low energetic and lipid density.
We combined two datasets on chick growth from periods with contrasting avail-
ability of anchovies and sardines (1986-1988 vs. 2003-2006). During the breeding
season, the proportion of anchovy and sardine in gannet diet varied from 66 to 84%
between 1986 and 1988, decreased to 59% in 2003 and decreased further to 17 – 36%
between 2004 and 2006. In the 1980s, chicks were growing faster than after 2003.
Within years, average monthly chick growth in the colony was positively correlated
to the proportion of anchovy and sardine in the diet. Between 2004 and 2006, the
diets consisted for a substantial part of fishery discards (21% to 46%) during the first
few months of the breeding seasons. We found no association between the proportion
of fishery discards in the diet and chick growth, suggesting that parents brought back
more fishery discards, but not enough to compensate for the decreased amount and
quality of live prey. At Malgas, the occurrence of saury (Scomberesox saurus) in gannet
diet from January on is a strong seasonal feature, replacing the proportions of
anchovy and sardine and fishery discards. We proposed that in years with good
availability of anchovy and sardine at the beginning of the breeding season, chick
growth would be fast. Later in the breeding season the proportion of poorer quality
prey saury increased in the diet, which was associated with reduced chick growth
rates. In years with low availability of anchovy and sardines, Cape gannets had no
other alternative than scavenging for fishery discards at the start of the breeding
season. The occurrence of the better quality saury (now compared to fishery discards)
later in the year actually enhanced gannet chick growth. Moreover, breeding success
was higher in 2003/04 than 2004/05, which was associated with the proportion
anchovy and sardine in the diet (59% and 24% respectively). Although Cape gannets
are opportunistic foragers with large variability in diet and foraging behaviour, the
availability of anchovies and sardines is crucial for their reproductive performance.
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PARENTAL BEHAVIOUR AND CHICK GROWTH

The effect of food availability on chick growth and survival is mediated through
parental provisioning behaviour (chapter three). Cape gannets breed in the dynamic
Benguela upwelling ecosystem and breeding individuals need to respond adequately
to changes in the environment in order to rear their chick successfully. Selection on
behavioural responses will be stronger under poor feeding conditions. At Ichaboe
Island (Namibia) we observed nest attendance and provisioning behaviour during
two breeding seasons with different food availability. In 2006/07, Cape gannets
delayed breeding about six weeks, Cape cormorants (Phalacrocorax capensis) aban-
doned their nests twice before starting to breed three months later than in previous
years, and Cape fur seals (Arctocephalus pusillus pusillus) showed increased starva-
tion. This indicated a decreased food availability in 2006/07 compared to 2005/06,
which was supported by longer foraging trips of Cape gannets in 2006/07. During
the deterioration of the food situation, female gannets increased their trip durations
considerably (with 59% compared to earlier in the breeding season) and males had to
stay longer on the nest when the chicks were still small (< 30 days). As a consequence
the provisioning rates to the chicks decreased and chicks grew slower. Gannet
parents could either increase provisioning and leave their chick alone, or stay at the
nest to protect the chick from predators and adverse weather conditions. Predation
pressure in the colony was considerable, because kelp gulls (Larus dominicanus),
which in other years would predate on Cape cormorant eggs and chicks, now
targeted gannet chicks. Gannet parents did not jeopardize their own survival and left
their chick unattended. Body condition of the parents was not associated with chick
growth or survival. This would suggest that when less food is available, parents are
regulating their own body condition rather than investing more in their chick.
Predation, and not starvation, was therefore the main cause of increased chick
mortality during the period of decreased food availability.

REPRODUCTIVE EFFORT

In an experiment described in chapter four, we studied the possibility of Cape gannet
parents to increase their reproductive effort. Long-lived species are restrictive in
increasing current reproductive effort in order not to jeopardize their survival and
future reproduction. In Cape gannets, a long-lived species with biparental care, this
trade-off has to be balanced against that of the partner in order to maximise fitness.
Flight ability of one gannet per experimental couple was manipulated by taping
together the two outermost primaries. We studied the behavioural responses of hand-
icapped birds and their unmanipulated partners at Ichaboe Island. Nest attendance
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observations showed that handicapped gannets almost doubled their foraging trip
durations compared to control birds. Handicapped birds lost about 10% of their body
mass, which could either be caused by increased effort or an adaptive response to
increased wing loading due to the handicap. The responses of their partners were
twofold; if chicks were younger than 30 days, the partners increased their nest atten-
dance compared to controls and when chicks got older they increased provisioning
rates. Chicks from manipulated nests were left unattended for the first time at five
days younger than control chicks. Despite the compensatory behaviour of the part-
ners of handicapped birds, chicks from manipulated nests received less attendance
and provisioning. Consequently these chicks showed reduced growth and survival
rates. Body condition of the adults was important in the regulation of foraging effort.
The increased effort of the unmanipulated partners of handicapped birds did not
result in a loss of body condition. However, the parents of chicks that died had on
average a lower body condition at the beginning of the experiment than parents of
chicks that survived. Chicks that did not survive were all between 6 and 31 days old
(on average 22 days), indicating that the prospects of increased investments were
more easily met by parents that reared older chicks. This study showed that the
reduced parental care of one parent was partly compensated for by its partner,
depending on its body condition. The remaining costs were shunt on the chick which
showed reduced growth and survival. After removal of the handicap the gannets
continued breeding and successfully reared their chicks.

AT-SEA FORAGING BEHAVIOUR

In chapter five we studied Cape gannet foraging behaviour with the aid of GPS
loggers. At Malgas (SA) and Ichaboe Island (Nam.), we equipped 646 breeding
gannets with GPS loggers during four breeding seasons. With these data we investi-
gated seasonality of gannet foraging behaviour and its association with diet and
chick growth. We also tested the suitability of behavioural parameters as proxies for
colony health status and whether they could be associated with population
dynamics. Gannets from Malgas increased their mean trip distance over four years
(from 423 to 487 km) and showed large variability in foraging behaviour within
years. At Ichaboe, gannets were consistent in their behaviour, both between and
within years, but made longer foraging trips than birds from Malgas. Gannets that
scavenged behind fishing trawlers made considerable shorter trips than gannets that
hunted for live prey, and this difference was more pronounced at Malgas. Scavenging
for fishery discards at Ichaboe involved as much flying during foraging trips as when
hunting for live prey at Malgas. Chicks grew faster at Ichaboe than at Malgas during
three consecutive breeding seasons. Fledging mass and survival during one year
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were also higher at Ichaboe. We found no direct correlations between any of the
foraging variables and chick growth, but in a model that corrected for island and
date, the time spent flying was positively associated with chick growth. This relation-
ship was possibly mediated through diet, because gannets that flew more during
foraging trips were more likely to return to the colony with better quality live prey.
Food seemed to be less abundant (longer foraging trips), but more predictable (faster
chick growth) at Ichaboe. However, deterioration in the food situation in 2006/07
drastically decreased chick growth and survival, suggesting that the gannets were
foraging at their limits. We further demonstrated that foraging variables alone can
not be used as indicators of population health.

ENERGETIC COSTS OF FLIGHT

In chapter six we studied the energetic costs of foraging behaviour in Cape gannets.
Avian flight is energetically costly behaviour, especially for seabirds that fly consider-
able distances between their nesting sites on land and their foraging sites at sea.
Behavioural and morphological adaptations have developed to minimise these
foraging costs. At Malgas and Ichaboe Island, we simultaneously equipped gannets
with GPS loggers and injected them with doubly labelled water (DLW) to measure
daily energy expenditure (DEE). We investigated gannet foraging behaviour in more
detail and associated this with wind conditions during the trips. The winds around
Ichaboe were stronger and more variable than at Malgas and also from a southwest,
rather than a south-southwest, direction. Total trip durations did not differ between
the islands, but the time budgets did vary; at Ichaboe, gannets spent more time
hunting during foraging trips, whereas at Malgas birds allocated more time to
drifting on the sea surface. Gannets from Malgas made considerably more dives
during foraging than birds from Ichaboe. The number of dives increased with
stronger winds, probably because strong winds decrease foraging efficiency through
rippling of the sea surface. DEE was on average 4203 kJ d-1 (± 693, n = 27), which
resulted in flight costs of 82.0 Watts at Ichaboe and 87.4 Watts at Malgas. We showed
that DEE was larger at Malgas compared to Ichaboe under the same circumstances,
increased with wind speed and increased with the fraction flying during foraging
trips. The increased DEE at Malgas was possibly due to the interaction between the
increased number of dives and the less profitable winds; taking off after each plunge-
dive would be more costly in weaker winds. Nevertheless, average DEE did not
differ between the islands and likely the gannets from both colonies are foraging at
their energetic limits. We proposed that at Malgas Cape gannets compensate for their
costly behaviour by resting more on the sea surface, whereas at Ichaboe the
predictability of their food sources kept gannet DEE at sustainable levels.
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COMPARISON BETWEEN THE COLONIES

In the final chapter seven I compare the provisioning behaviour of Cape gannets
from Malgas and Ichaboe Islands in relation to differences in food availability. I
discuss how these differences affected their foraging behaviour, diet, DEE and the
growth and survival of their chicks by integrating the results of chapter two to six.
Anchovies and sardines were more abundant around Malgas, as judged from the
fishery returns and the gannet diets. Parents from both colonies fed fishery discards
to their chicks, indicating low availability of inshore pelagic fish. Gannets from
Ichaboe had a larger and more constant fraction of pelagic fish in their diet
throughout the breeding season. On average gannets from Ichaboe made longer
foraging trips, during which they spent more time foraging, but made fewer dives
than gannets from Malgas. At Malgas birds spent a larger fraction of their trip
drifting at the sea surface. These differences in foraging behaviour did not result in
differences in average energy expenditure. DEE was 4203 kJ d-1. From the time
budgets flight costs were estimated to be about of 84.7 Watts. During three consecu-
tive breeding seasons Ichaboe young had higher growth rates and survival compared
to Malgas. This may relate to slightly, but not significantly, more food gannet parents
from Ichaboe brought back to their chicks. Yet, predation, and not starvation, was the
main cause of chick mortality at Malgas Island; kelp gulls, great white pelicans
(Pelecanus onocrotalus) and Cape fur seals predated gannet chicks at unsustainable
levels. Gannets reared 0.17 chicks per pair, while at least 0.32 chicks would have been
needed to keep the population at the same size. This might explain the recent popula-
tion declines at Malgas. At Ichaboe we have no indication that processes during the
breeding season, like predation or starvation of the chicks, can explain population
declines. Likely survival outside the breeding season contributes here to the ongoing
population declines. Behavioural data on provisioning behaviour are important to
understand the mechanisms behind population changes, but demographic analyses
are also needed to fully understand why populations of Cape gannets are declining
in the Benguela.
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