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General introduction

Ralf H.E. Mullers

CHAPTER1



THE SETTING OF THIS PROJECT

The late Prof. Dr. G. Henk Visser initiated a research project that ‘…addresses the
potential mechanisms underlying Cape Gannet population trends, and exploits the poten-
tial offered to explore the role of flight costs in reproductive success under highly variable
food supplies’. With support of the Netherlands Foundation for the Advancement of
Tropical Research (WOTRO) this aim eventually led to the present thesis.

The Cape gannet (Morus capensis) is a seabird species endemic to southern Africa.
The whole world population breeds at only six colonies (see box 1.1), three in
Namibia (Mercury, Ichaboe and Possession Islands) and three in South Africa (Bird
(Lambert’s Bay), Malgas and Bird (Nelson Mandela Bay) Islands). Bird Island in the
Nelson Mandela Bay is the only colony at the south coast of South Africa, all other
colonies are situated at the west coast of southern Africa. Coordinated population
counts of the gannets between 1956 and 1998 have shown that the three colonies in
Namibia decreased dramatically in size. Breeding numbers declined more than 90
percent over this period (Crawford 1999, Fig. 1). Over the same period the breeding
numbers of the two colonies on the west coast of South Africa increased to almost
twice the numbers counted in 1956. Nevertheless, the overall population of Cape
gannets at the west coast decreased by about 60%. In an attempt to better understand
which behavioural processes are associated with population changes, we choose to
study the reproductive behaviour of the Cape gannet in two breeding colonies with
opposing population growth rates at the west coast of southern Africa; Malgas Island
(South Africa) which had an increasing breeding population and Ichaboe Island
(Namibia) where the breeding population declined.

This task is complex due to the dynamic nature of the Benguela upwelling
ecosystem. After working in the two colonies during four breeding seasons, it was
apparent that at Malgas Island the numbers of Cape gannets were declining rapidly
and consistently whereas the numbers at Ichaboe Island decreased at a slower rate.
Population counts confirmed these surprising observations: between 2001 and 2006
the area occupied by breeding gannets decreased with 39.9% at Malgas and with
9.0% at Ichaboe (unpublished data Marine and Coastal Management (MCM), South
Africa). The original contrast in population trends was less pronounced yet different
enough to justify our study. Due to differences in local environmental conditions,
different selective pressures may have acted on individuals in the two colonies
causing the differences in the decline in breeding numbers.

Profound changes in local conditions along the South African west coast caused
the gannet populations of Bird Island (in Lambert’s Bay) and Malgas Island to drop
in numbers. Cape gannet population growth is apparently controlled by their food
supply, as their numbers are strongly linked to the biomass of anchovies (Engraulis
encrasicolus) and/or sardines (Sardinops sagax) (Crawford et al. 2007a). In Namibia
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extensive fisheries depleted the local fish stocks in the 1960s, after which the number
of breeding gannets plummeted down (Fig. 1.1). No alternative food source was
available to sustain the energetic requirements of breeding gannets and other
seabirds (Crawford 2007). In South Africa, sardines were extensively over-fished in
the 1970s, but anchovies proved a good alternative on which gannet populations
could even increase in size (Crawford 1999). Since 1997 both anchovy and sardine
stocks progressively shifted eastward along the South African west and south coasts
(van der Lingen et al. 2005). The availability of these main fish prey species off the
west coast thereby decreased and concomitantly the number of gannets at the west
coast colonies decreased (Crawford et al. 2007a). The behavioural processes relating
these population changes to fish availability are explored in this thesis.

The mechanistic approach
Population growth rate is the outcome of features associated with individual birth
and death rates in a population and is a key parameter of interest for population ecol-
ogists (Sibly & Hone 2002). In the simplest model, excluding movements between
colonies, the population growth (r) = instantaneous birth rate – instantaneous death
rate. The negative relationship between population growth and population size or
density is central in population ecology (Sibly & Hone 2002). A population below the
carrying capacity of the environment will grow, and a population above the carrying
capacity will decrease (Sinclair 1996). The main factor underlying population growth
and driving density-dependence is the abundance of food resources (Sinclair 1996).
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Figure 1.1. Population trends of South African (open symbols) and Namibian (solid symbols)
Cape Gannet colonies since 1956. The trend for the total population of the Benguela ecosystem is
depicted by the thick line. Figure from the original proposal for this project, based on population
numbers mentioned in Crawford 1999.



Local resources limit growth rates due to increased competition for these resources
(Turchin 1999) and the most competitive individuals will survive (Goss-Custard &
Sutherland 1997, Pettifor et al. 2000). Therefore, studying behaviour of individuals
that are living under harsh conditions may yield insight into the selective processes
associated with population growth rates.

Environmental stressors are associated with population growth (Sibly & Calow
1989). Krebs (1995, 2002) has emphasized the importance of specifying the ecological
mechanisms driving the relationship between vital rates of birth and death and
population density (‘the mechanistic paradigm’, Fig. 1.2). The mechanistic approach
focuses on the relationship between population growth rates and extrinsic factors
such as predation, food supply, disease, landscape, etc. (Sibly & Hone 2002, Krebs
2002). Population growth rates are determined by births, deaths and movements
within and between breeding populations. The study of adult survival or new
recruitment into the breeding colony requires extensive data collection and long term
studies (Lebreton et al. 1992, Pradel et al. 1997). Quantification of survival rates
provides no direct information on the specific mechanisms that drive population
growth. Population studies can therefore greatly benefit from measurements of
behavioural and physiological parameters, preferably those that can be collected in a
short time period, and their association with population changes. Understanding the
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Figure 1.2. Decision tree for the mechanistic paradigm of population regulation (from Krebs
(2002). A series of extrinsic and intrinsic factors contributing to mortality (death rate) and natality
(birth rate) are specified. This thesis deals with the factors food supply, weather and physiology.



extrinsic factors associated with births, deaths and movements within and between
breeding colonies will allow us to make predictions about population growth or
decline and are important for conservation (Krebs 2002, Sibly & Hone 2002).

Foraging behaviour in seabirds
In dynamic environments behavioural flexibility is required (e.g., Le Corre et al. 2003),
but the life of seabirds involves constraints to their behavioural responses to changes
in the environment. The main constraint is that seabirds breed on land but forage at
sea. This restricts breeding individuals in their ability to extend foraging ranges
during periods of poor local food availability in search for (other) prey (Suryan et al.
2002). Nevertheless, seabirds are able to adjust their foraging behaviour if required. In
periods of reduced food availability, parent birds shift their time allocation and spend
more time foraging, which can result in the same reproductive success as in good
years (Uttley et al. 1994, Weimerskirch et al. 1997a, Takahashi et al. 2003). When the
composition or availability of preferred fish species changes over time, seabirds can
switch to other, more abundant prey (Montevecchi & Myers 1997, Crawford 1999),
which may require different hunting strategies (Davoren & Burger 1999). From experi-
mental studies it is clear that seabirds have some flexibility in increasing their foraging
effort, depending on food availability (Jarvis 1974 vs. Navarro 1991) as well as their
body condition (e.g., Weimerskirch et al. 1995, Velando & Alonso-Alvarez 2003).

Food availability affects the foraging effort of individuals (Rindorf et al. 2000,
Suryan et al. 2002, Tremblay & Cherel 2003) and is ultimately associated with seabird
population changes (Monaghan et al. 1989, Crawford & Dyer 1995). Changing energy
requirements of the growing offspring can also force parents to adjust their behav-
iour. Parents may distinguish between prey collected for self-feeding and chick-
provisioning (Ydenberg et al. 1994). To accommodate increased demands in the nest,
parents can increase the rate of energy flow to their chicks (Charrasin et al. 1998,
Davoren & Burger 1999) by selecting larger prey (Davoren & Burger 1999), changing
trip timing (Davoren & Burger 1999) or decreasing trip duration after chicks have
hatched (Charrassin et al. 1998, 1999, Gauthier-Clerc et al. 2002). Beside the pre-
dictable increase in energy demands with chick age, parents are able to adjust their
foraging behaviour to the condition of their young (Shea & Ricklefs 1985, Hamer &
Hill 1994, Bolton 1995, Granadeiro et al. 1999, Baduini & Hyrenbach 2003). Parents
either increase provisioning rates to chicks in poorer condition (Granadeiro et al. 1999,
Baduini & Hyrenbach 2003), or decrease provisioning rates to chicks in better condi-
tion (Hamer & Hill 1994, Bolton 1995).

Energetic constraints
The energetic costs of avian reproduction are considered to reach a maximum during
parental provisioning (Drent & Daan 1980). Parents have to find food to sustain both
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their own energy requirements and those of their growing young. Seabirds face
particularly severe energetic demands because of the large distances between the nest
sites on land and the foraging areas at sea. Food abundance in the marine environ-
ment is patchy and unpredictable, and requires long foraging trips (Shealer 2002).
Pelagic seabirds often fly more than 100 km, and in some albatross species a single
foraging trip can take several weeks, covering as much as 15.000 km (Jouventin &
Weimerskirch 1990, Shealer 2002, Weimerskirch et al. 2002). Energy expenditure
during flight can be up to 12 times basal metabolic rate (Adams et al. 1991, Prince et
al. 1999, Weimerskirch et al. 2002) and is a major component of the energy budget of
marine birds.

Seabirds have evolved both morphological and behavioural adaptations that
decrease the energetic costs of flying. The heavy body with long, narrow wings (high
aspect-ratio) of many seabirds is advantageous for making use of prevailing oceanic
winds to soar and decrease flying costs (e.g., Schreiber & Chovan 1986, Weimerskirch
et al. 2000a). Albatrosses, in particular, conserve energy by their morphology and their
behaviour by not flying under unprofitable wind conditions (Jouventin &
Weimerskirch 1990, Weimerskirch et al. 2000a). Drent & Daan (1980) argued for the
existence of an optimal working capacity, above which the parents would risk their
chances for future breeding. Long-lived seabirds should not jeopardize their survival
and future reproduction by increasing the reproductive effort of their current
breeding event (Williams 1966). Several seabird species use foraging strategies in
which they alternate short with long foraging trips (Weimerskirch et al. 1997a, 1997b,
Granadeiro et al. 1998, Weimerskirch & Cherel 1998). Longer foraging trips are made
to more profitable feeding areas, where the birds possibly feed on different fish
species to restore their own body condition (Weimerskirch et al. 1997b, Weimerskirch
& Cherel 1998). Seabirds can compensate for longer trips by increasing the amount of
food brought back to their chick (Granadeiro et al. 1998, Weimerskirch & Cherel 1998)
or by bringing back different prey species after long trips (Weimerskirch et al. 1997b).
For instance, by returning with prey with higher energetic content after long feeding
trips the parents can partly compensate for the lower feeding frequency (Uttley et al.
1994, Weimerskirch et al. 1997b, Granadeiro et al. 1998, Weimerskirch & Cherel 1998).
The birds can not stay away too long or make too many long foraging trips, as this
would negatively influence the development of their chicks (Weimerskirch et al.
1997a, Granadeiro et al. 1998). In general parents have to trade-off feeding of the
chicks with self feeding.

The complex relationships between individual parental foraging behaviour, its
energy costs and benefits, and the consequences for their reproductive success are the
core of the present study. It exploits the quantitative techniques of precise GPS logging
of individual foraging trips and of energy turnover measurement by stable isotopes,
applied to two different breeding colonies of the southern African Cape gannet.
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THE STUDY SPECIES

The Cape gannet (Morus capensis) is a conspicuous black and white coloured seabird
with a yellow head and a long gular stripe (Photo 1.1), which breeds in large colonies
along the southwest coast of southern Africa (Crawford 2005). Gannets weigh about
2.6 kg and have a wingspan of approximately 171 – 185 cm. The local name for the
gannet is Malgas, which is an abbreviation for ‘silly goose’ in Afrikaans, describing
the bird’s somewhat awkward movements on land (Photo 1.2). In the air and at sea
gannets offer a graceful sight appreciated by many birders (Photo 1.3).

The Cape gannet is a colonial species, breeding on islets safe from land predators.
The entire world population of Cape gannets breeds on only six offshore islands, all
of which are situated in the Benguela upwelling ecosystem (Box 1.1). The three
Namibian colonies (Mercury, Ichaboe and Possession Islands) together accommo-
dated about 10.400 breeding pairs in 2005/06 (Crawford et al. 2007a). In South Africa,
an estimated 134.575 pairs of gannets were breeding in 2005/06. The largest gannetry
of the world is at the south coast of South Africa, at the boundary of the Benguela
(Bird Island in the Nelson Mandela Bay). At this colony an estimated 98.419 pairs,
two thirds of the entire world population, were counted in 2005/06. The other two
colonies of South Africa are at its west coast (Bird Island in Lambert’s Bay and
Malgas Island). The fieldwork for this project was done on Malgas Island in South
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Africa (Saldanha Bay, 33º 03’ S, 17º 93’ E) and on Ichaboe Island in Namibia (Lüderitz
District, 26º 29’ S, 14º 94’ E). Population counts in 2005/06 estimated that about 8.669
pairs were breeding on Ichaboe Island and 36.156 pairs on Malgas Island, which
makes these colonies the largest in each country on the west coast. In both colonies
the number of breeding pairs declined in the years of our study (Crawford et al.
2007a).

Cape gannets start breeding in their third or fourth year of life, when the sub-
adults return to their natal colony. The males establish small territories, attract mates
and start constructing nests. Gannets typically lay one egg in a breeding season.
Although there have been reports of two-egg clutches (Jarvis 1974), it is rare for these
birds to rear both chicks successfully (Jarvis 1974, but see Navarro 1991). Once the
chick is hatched, it depends for about 14–17 weeks on parental feeding for its ener-
getic requirements. The male and female parents alternate their foraging trips, during
which they have to forage both for themselves and for their chick. From when the
chick is about 6 weeks old it needs approximately 500 g of fish per day (Navarro in
prep.), which puts a large energetic demand on the parents. At this point the parents
start foraging simultaneously and leave the chick alone in order to increase provi-
sioning rates. Second clutches after successfully rearing one chick do occur, but the
parents never manage to rear these second chicks beyond early development (Adams
& Walter 1991).
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Cape gannets forage above the continental shelf, a zone extending about 100 km
from the coast. Gannets are visual hunters and locate their prey from a height of
10–30 metres. When they locate a prey, they manoeuvre above it and plunge-dive
vertically into the water like an arrow. The average dive depth is about 3.4 m, with
recorded dives ranging up to 10 metres (Ropert-Coudert et al. 2004a). During the
breeding season, large groups of seabirds are formed that forage together. These
multi-species-feeding-associations (MSFA) make the fish more accessible for shallow
diving birds and are used as visual clues of food availability by other seabirds (Duffy
1983, Camphuysen & Webb 1999). Fish species that Cape gannets exploit are sardine,
anchovy, saury (Scomberesox saurus), horse mackerel (Trachurus trachurus) and redeye
(Etrumeus whiteheadi). Besides live prey, Cape gannets also scavenge behind fishery
trawlers for discards, mainly hakes (Merluccius capensis and M. paradoxus) (Batchelor
& Ross 1984, Berruti et al. 1993). Although this prey is easily accessible, fishery
discards provide a poor substitute for live prey (Pichegru et al. 2007) due to their low
energetic content (Batchelor & Ross 1984).
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General aims of the study
In this study we combine several techniques to study the costs and benefits of beha-
viour underlying long-term population trends. We equipped breeding Cape gannets
with GPS-loggers to obtain detailed information about foraging trip durations,
feeding area, total distance covered and time allocation during foraging trips. At the
same time we employed doubly-labelled water (DLW) in a sub-sample of birds to
measure the energy expenditure during foraging trips. The combination of these
techniques allows a unique assessment of the cost of flight of large birds under
natural circumstances. Along with the detailed information on foraging behaviour at
sea, we also studied the nest attendance behaviour in the colony and the co-operation
between partners. An important parameter is the measurement of reproductive
success, and we therefore measured growth in a large number of chicks. This allows
us comparisons within years, between years and between colonies. Further data
collection includes diet samples, fledgling mass and breeding success. With these
data we set out to address the following questions:

(1) What is the relationship between gannet diet and chick growth and survival?
(2) How is parental behaviour associated with the growth and survival of their offspring?
(3) How do Cape gannets exploit their food sources during the reproductive season?
(4) What are the energetic costs of foraging during the breeding season?
(5) Can we link parental behaviour and energetics to recent Cape gannet population changes?

In our study we aim to identify the behavioural mechanisms associated with Cape
gannet population changes (‘the mechanistic approach’, Krebs 2002). To do this we
extrapolate variation in individual behaviour to the population level and associated
population growth (Sutherland & Norris 2002). For a demographic study we would
need data on natality, mortality and movements between colonies based on a long-
term ringing program (e.g., Lebreton et al. 1992, Pradel et al. 1997). More specifically,
the number of recruits into the breeding population, a parameter strongly associated
with the number and the quality of the fledglings in particular years (Reid et al. 2003)
needs to be quantified. These demographic analyses are beyond the scope of the
present thesis. Instead we focus on the behavioural mechanisms associated with
Cape gannet chick growth and survival before fledging, which help to partly explain
Cape gannet population changes. A mechanistic approach incorporating individual
decision making can provide reliable insight into how population growth will be
affected by changes in the environment (Sutherland & Norris 2002).

Outline of this thesis
In chapter two, we investigate the association between food quality and Cape gannet
chick growth and survival. We study chick growth during two periods of contrasting
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food availability: between 1986/87 and 1988/89, when anchovies and sardines (high
quality food) were readily available, and between 2003/04 and 2006/07, when their
availability around Malgas Island decreased. We investigate whether the proportion
of these prey species decreased in the Cape gannet diets and whether fishery discards
(poor quality food) was a suitable alternative. We study the effects of these changes
on Cape gannet chick growth at the population level at Malgas Island, predicting
faster growth and higher survival in the 1980s compared to after 2003.

In chapter three, we study the association between parental behaviour and chick
growth and survival. In two years with contrasting food availability (2005/06 vs.
2006/07) we study parental attendance behaviour and look at temporal changes in
behaviour on Ichaboe Island. We expect that individual responses of parents to the
changes in food availability will predict chick growth and survival. Here, our goal is
to understand why some parents manage to rear their offspring, while others under
the same conditions do not.

An experiment designed to evaluate whether Cape gannets are able to show
behavioural compensation if required is described in chapter four. At Ichaboe Island
(2005/06) we reduced flight efficiency by a mechanical handicap in one parent of a
couple and thereby indirectly increased the demands on the foraging effort of the
partner, which had no physical alterations. We investigate whether unmanipulated
partners are able to show behavioural compensation for the reduced foraging returns
of their handicapped partner in order to rear the chick successfully. We also explore
the role of body condition in the behavioural decisions made by parents.

In chapter five we investigate the foraging behaviour of Cape gannets. We
explore an extensive dataset of GPS foraging tracks collected during four breeding
seasons, at the breeding colonies of both Malgas and Ichaboe. Foraging behaviour is
analysed for seasonal changes and for its association with diet, sex and reproductive
performance. We test whether behavioural variables as trip duration and time spent
flying, could be used as behavioural proxies for population status.

We then study in more detail the energy expenditure of Cape gannets in relation
to their foraging behaviour (chapter six). First, the association of foraging behaviour
with weather parameters (ambient temperature, wind direction and wind speed) is
analysed. We explore how Cape gannets allocated their time during foraging trips
and whether this differs between breeding colonies, years and sexes. We then eval-
uate daily energy expenditure (DEE) and its relationship with both weather and
behaviour. With these data we aim to estimate flight costs for Cape gannets.

In the final chapter seven, I integrate all findings and make comparisons between
the two colonies, and I will discuss the consequences for Cape gannet population
dynamics.
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Box 1.1: The Benguela Current Large Marine Ecosystem

The Cape gannet breeds in the Benguela upwelling ecosystem. One of the most productive

marine systems in the world, the local upwelling of cold nutrient rich waters offers food to

a large number of marine predators (Shannon 1985). The cold-water upwelling is mainly

wind driven; the winds push the warmer top layer of the sea surface into the open ocean,

which causes the underlying layer of cold nutrient-rich water to well up to the surface

(Bakun & Nelson 1991). The system is driven by the prevailing southerly winds, although

the strength and direction of local wind patterns have a crucial effect on the intensity and

location of upwelling cells, resulting in a highly dynamic system. The upwelling cells in

the Benguela system are located above the continental shelf and the shallow depths of the

water (<280 m) increase the influence of temperature and wind even more (Lutjeharms

et al. 2001).

Weather conditions produced short term variation in upwelling, but there is also a

seasonal trend in the location and intensity of upwelling cells (Demarcq et al. 2003). During

summer, the seabirds’ breeding season, a narrow band of cold inshore water extends from

Walvis Bay to the Cape Peninsula. In winter, this cold water extends farther offshore, prob-

ably a seasonal effect of solar radiation on sea surface temperatures (SST) (Demarcq et al.

2003). Around Lüderitz the cold waters prevail year-round due to the intense upwelling in

this area. The changes in upwelling affect several trophic levels: the nutrient and carbon
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cycling, planktonic food webs of ecological importance, and pelagic and demersal fish

production. The effects that variation in upwelling have on the fish stock is important for

seabirds (Lutjeharms et al. 2001) as seabird numbers are highly associated with food supply

(Monaghan et al. 1989, Harris & Wanless 1997, Crawford et al. 2007b).

Large masses of the pelagic fish species anchovy and sardine exploit the productive

waters of the Benguela. These species have a high energy (Batchelor & Ross 1984) and lipid

content (FAO 1989) and an inshore distribution (Barange et al. 1999). Anchovies (Engraulis

encrasicolus) and sardines (Sardinops sagax) are profitable food sources which provide

enough energy to sustain large communities of predatory fish, marine mammals and

seabirds (Shannon 1985). Several endemic seabird species in the Benguela depend on the

availability of both main forage fish species. The numbers of Cape cormorants

(Phalacrocorax capensis) and swift terns (Sterna bergii) breeding in the Benguela system are

associated with the abundance of anchovies, as is the number of African penguin

(Spheniscus demersus) chicks that fledge annually (Crawford & Dyer 1995). The numbers of

Cape gannets (Morus capensis) at the Namibian and the South African colonies are strongly

related to the biomass of sardines over time (Crawford et al. 2007a).
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