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Survival and successful reproduction are the key components of the lives of most
organisms (Lack 1968). The survival of both parent and offspring are influenced by a
multitude of factors such as weather conditions, predation, disturbance, disease and
point events as well as food availability and energy expenditure. Most animals,
including birds, are adapted to their specific environment, thus enabling them to meet
the demands for growth, reproduction and maintenance. Adaptations are not only
limited to full grown birds: during each stage of life birds are prone to selective
pressures from their environment (Klaassen 1994). This is the starting point of this
thesis: the ecology and physiology of shorebird chicks – “from an egg to a fledgling”.

In the three sections of this thesis I intend to discuss how shorebirds
(Charadrii) and their chicks are adapted to their environment thus enabling them to
reproduce, grow and fledge successfully. Population size, breeding phenology and
breeding success are important ecologically for most bird species (Section 1). In
addition I will focus on the period between hatching and fledging and discuss the
factors that influence the growth and energy expenditure of shorebird chicks in a sub-
tropical environment (Section 2) and across the latitudes (Section 3).

Eggs and chicks
Shorebird chicks are classified as precocial or semi-precocial, meaning they are capable
of locomotion, they leave the nest soon after hatching and they become
homeothermic within about 10 days (Starck & Ricklefs 1998a). Precocial shorebird
chicks (e.g., Charadriidae and Scolopacidae) are self-feeding, and benefit from
precocial mobility in open environments where predators would easily find a nest
containing chicks, and it enables them to exploit food resources that would have made
parental feeding of altricial chicks uneconomical. Semi-precocial shorebird chicks
(e.g., Haematopodidae and Burhinidae) are mobile, like precocial chicks, but they
benefit from parental feeding in the same way as altricial chicks. This mode of 
development has evolved in specialised feeders, such as oystercatchers, whose chicks
cannot catch or manipulate food items.

There is a large amount of variation in adult size across the bird taxa, and as a
result egg sizes differ between species (Lack 1968, Ricklefs 1984a, Ricklefs & Starck
1998a). Egg size in turn impacts on the size of the hatchling (Rahn et al. 1984), also
within a species. For example, Grant (1991) found that hatchling mass, head and foot
measurements of the Whimbrel, Numenius phaeopus, were determined by egg volume.
Therefore to be successful in an evolutionary and ecological sense chicks hatching
from larger eggs should have a greater chance of survival than chicks hatching from
smaller eggs (Lack 1968). The evolution of large eggs is, however, ultimately limited by 
adult size. 

Precocial birds lay larger eggs relative to adult body size than do altricial
species (Sotherland & Rahn 1987). Eggs of precocial species also have longer
incubation periods (Portman 1955, Vleck & Bucher 1998), a 30% greater energy cost 
of development, and produce chicks with a greater tissue mass and more residual yolk
mass than do eggs of the same mass of altricial species (Ricklefs 1984a, Vleck & Vleck
1987, Ricklefs & Starck 1998a). Due to their mode of development, shorebird chicks
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hatch in a more developed state than chicks of altricial species. The more advanced
development stage and larger size of precocial chicks over altricial ones enables these
chicks to avoid predation and feed themselves – essentially the same survival 
techniques performed by the adults of all bird species.

Breeding phenology and success
The timing of breeding of birds is subject to a number of cues which can include
increasing day length, photoperiod (Gwinner 1986, Martin 1987, Deviche & Sharpe 
2003), increasing temperatures or changes in rainfall, food availability or nest-site 
availability (del Hoyo et al. 1996, Hau et al. 1999, Scheuerlein & Gwinner 2002). These
cues trigger hormonal responses in birds and thus result in the onset of their breeding
attempts (Lack 1968, Deviche & Sharpe 2003, Ketterson & Nolan 1992). Predation
risk or unusual environmental conditions can influence the end of the breeding season
(Schekkerman et al. 2004). Breeding success of birds is affected by similar factors,
including food availability, environmental conditions and predation risk (Goodburn
1991, Ens et al. 1992, Leseberg et al. 2000). 

African Black Oystercatchers, Haematopus moquini, breed on both the rocky
and sandy shores of the mainland and offshore islands of southern Africa during the
austral summer, from November to March (Leseberg et al. 2000). This large shorebird
species is exposed to predation from land-based predators in addition to being
sensitive to the influences of direct and indirect disturbance. The population of this
species is small, and therefore influences on breeding success can have dramatic
affects on the population of this species. Therefore I chose to discuss the breeding
phenology and success of this species alone.

The incubation period of birds can vary with regards to the start, the peak
and the length of the egg laying period (Lack 1968). Using methods described in 
Underhill and Calf (2005) the start date of incubation of each nest was determined.
This information, combined with regular count data, was used in Chapter 2 to 
determine the breeding phenology of African Black Oystercatchers in a study over
three breeding seasons, from 2001 to 2004, on Robben Island, South Africa. The 
factors that influenced the breeding phenology of African Black Oystercatchers are
discussed.

African Black Oystercatchers breed over the austral summer holiday period
and consequently their eggs and chicks are vulnerable to the direct and indirect effects
of human disturbance, in addition to the threat of predation (Jeffrey 1987, Hockey
1999a, Adams et al. 1999). Robben Island, South Africa, is unlike most of the offshore
islands on the South African coast because it is a busy tourist destination with a
resident human population and it hosts predators that are usually associated with the
mainland, e.g., feral cats, Felis catus (Calf et al. 2003). Therefore, oystercatcher breeding
attempts may be limited by factors such as disturbance and predation in addition to
food availability, environmental conditions and the age and experience of the breeding
pair. For this reason, in Chapter 3 we describe the breeding success of African Black
Oystercatchers on Robben Island and discuss the factors that influence their breeding
success.
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Growth and energetics
After hatching, chicks have to grow to achieve the fledging stage. Postnatal growth 
rates typically exhibit a sigmoid shape, characterised by the growth rate coefficient,
point of inflection, and asymptotic body mass. The growth rate coefficients of
precocial land birds have been found to be lower than those of altricial land birds
(Ricklefs 1973). This difference in growth rate coefficients may be explained by an 
elevated metabolic demand to fuel the metabolic costs for locomotion in precocial 
species (Schekkerman et al. 1998a, Vleck & Bucher 1998, Schekkerman & Visser
2001). Furthermore, it has been hypothesised that growth rates in precocial chicks are 
being restricted due to a trade-off between functional maturity and growth, which
would explain also the differences in growth rates between altricial and precocial
chicks (Ricklefs 1984a, Ricklefs & Starck 1998a).

Similar differences in energy expenditure may exist between parent-fed
semi-precocial and self-feeding precocial chicks (Schekkerman & Visser 2001). In self-
feeding precocial chicks the energetic burden of collecting food is shifted from the 
adult to the chick. This results in greater energetic demands for the chick, due to 
greater activity and the requirement for thermoregulation (Schekkerman et al. 1998a,
Schekkerman & Visser 2001). Parent-fed semi-precocial chicks do not expend energy 
on collecting food, but rely almost entirely on their parents (Starck & Ricklefs 1998a).
If foraging leads to greater energy expenditure and slower growth (Schekkerman &
Visser 2001), there is a need to compare self-feeding and parent-fed precocial chick
growth rates, energetic expenditure and time budgets to determine the ecological
consequences of these different developmental modes.

For birds of a given mass, chick growth rates are highest in the Arctic and
lowest in tropical climates (Ricklefs 1968, 1976). These differences in growth rate have
been attributed to differences in food availability and day length, which Lack (1968)
suggested would increase with latitude and energy expenditure. Energy requirements
of chicks are influenced by requirements for both maintenance and growth. However,
changes in growth rate are thought to have little impact on the energy requirements of
chicks (Ricklefs 1969, 1973, 1983, 1984b). Klaassen and Drent (1991) showed that 
faster embryonic and post-natal growth rates are associated with higher resting
metabolic rates at hatching. Therefore it is not only tissue and synthesis energy
requirements, but also basal metabolic requirements that affect growth rate. 

Much work has been carried out on shorebird (Charadrii) growth and
energetics of free-living chicks in the temperate and arctic zones of the northern
hemisphere, including studies on Black-tailed Godwit, Limosa limosa, and Northern
Lapwing, Vanellus vanellus, in the Netherlands (Schekkerman & Visser 2001); Red
Knot, Canutus canutus, in Siberia (Schekkerman et al. 2003); Little Stint at several sites
in Siberia (Schekkerman et al. 1998a); Lesser Golden Plover, Pluvialis aegyptius, and
several other species at Churchill, Canada (Visser & Ricklefs 1995, Krijgsveld et al.
submitted manuscript); and Pied Avocets, Recurvirostra avosetta, in the German
Waddensee and southern Spain (Joest 2003). It has been found that in cold
temperatures precocial chicks rely on parental brooding to maintain their body
temperature (Beintema & Visser 1989a; Visser & Ricklefs 1993a; Schekkerman et al.
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1998b). Accordingly both parents and chicks experience a feeding time constraint as a 
result of time spent brooding. In addition, the growth rates of chicks in cold
temperatures are faster and energy expenditure higher than expected for chicks of
their size due to an increased energetic demand to maintain body temperature
(Schekkerman et al. 1998b). These chicks must be more efficient feeders or food
availability must be greater in order to fuel their larger energy requirements whilst they
have limited time available for feeding. Birds in tropical and sub-tropical regions
experience different climatic conditions, battling the opposite extreme, namely heat 
stress (Brown & Downs 2003). Heat stress is associated with other adaptations, e.g.,
reducing the metabolic rate of individuals to reduce heat production.

This thesis therefore includes and discusses the differences in prefledging
growth and energetic expenditure of precocial and semi-precocial shorebirds in a sub-
tropical environment and compares the growth and energy expenditure of precocial
and semi-precocial shorebirds across latitudes. I aim to address the following three
research questions: 

1. What is the effect of (adult) body mass on growth rate, maximum daily energy
expenditure, and the total amount of energy required to grow from a
hatchling to a fledgling? We address this question by selecting study species
covering a wide range of adult body masses; between 27 g (Little Stint,
Calidris minuta, Table 1.1), and 695 g (African Black Oystercatcher,
Haematopus moquini, Table 1.1).

2. What is the effect of developmental mode on growth rate, the maximum daily
energy expenditure, and the total amount of energy required to grow from a
hatchling to a fledgling? We address this question by comparing species with
chicks that exhibit development modes from semi-precocial (African Black
Oystercatcher and Spotted Thick-knee, Burhinus capensis, Table 1.1) and
precocial chicks (Little Stint, Crowned Lapwing, V. coronatus, Blacksmith
Lapwing, V. armatus, and Kittlitz’s Plover, Charadrius pecuarius, Table 1.1). 

3. What is the effect of latitude on growth rate, maximum daily energy
expenditure, and the total amount of energy required to grow from a
hatchling to a fledgling? We address this question by comparing species
breeding between 33°S (African Black Oystercatcher, Spotted Thick-knee,
Crowned Lapwing, Blacksmith Lapwing, and Kittlitz’s Plover, Table 1.1), and
73°N (Little Stint).

African Black Oystercatcher chicks are parent-fed semi-precocials, and as a result their
chicks do not expend much time and energy feeding. It was therefore expected that
this species would exhibit faster growth and possibly lower energy expenditure than 
precocial species in the same environment. But food may be a limiting factor for the
growth of African Black Oystercatcher chicks, especially since they cannot find food
themselves and are dependent on the rate at which parents can forage and deliver
food. The average clutch size of African Black Oystercatchers is two and because
oystercatchers are parentally fed, sibling rivalry may occur. For this reason, in
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Chapter 4 factors that affect the growth and fledging success, hatch date, brood size
and sibling rivalry of African Black Oystercatchers are discussed along with possible
factors affecting the establishment and maintenance of weight differences in two-
chick broods. 

The Little Stint is one of the smallest shorebird species breeding in the Arctic,
and due to its small size and high surface-to-volume ratio Little Stint chicks were
expected to expend a large amount of energy on thermoregulation compared to larger
species. In Chapter 5 we determine the impact of environmental conditions on
prefledging growth, energy expenditure and time budgets of the arctic-breeding Little
Stint chicks.

To date, the relationship between daily energy expenditure (DEE, kJ.d-1), and
body mass (M, g) in growing chicks has been modelled using the power curve,
DEE = a · Mb, where b represents the allometric scaling exponent (e.g. Weathers &
Siegel 1995, Schekkerman & Visser 2001, Visser & Schekkerman 1999). This model 
takes into account a single allometric scaling exponent throughout the entire
development period. However, this model did not appear to be appropriate for the
data in this thesis. Instead of using a biphasic approach to describe the non-linear
relationship between DEE and body mass of the data in this thesis a single, more
parsimonious curve was created by modifying the aforementioned power curve so that
the overall allometric scaling exponent (b-(c/M)) varies with body mass:

DEE = a · Mb-(c/M)

where b and c are coefficients. In Chapter 5 we introduce this new model. 
Shorebirds breeding in the tropics or sub-tropics do not require as much

energy to maintain body temperature as birds at higher latitudes (Schekkerman &
Visser 2001, Schekkerman et al. 2003). We chose to study shorebirds in the Western 
Cape, a sub-tropical environment in order to quantify the growth and energy
expenditure of chicks growing at this latitude. 

Kittlitz’s Plovers, Blacksmith Lapwings and Crowned Lapwings have
different adult body masses (42.6, 158 and 167 g, respectively), different breeding 
seasons (Blacksmith Lapwings nesting during the winter and Kittlitz’s Plovers and
Crowned Lapwings nesting during the summer) and different parental behaviour
(Crowned Lapwings assisting their chicks in finding food, whereas Kittlitz’s Plover
and Blacksmith Lapwing chicks are completely self-feeding). In Chapter 6 the impact
of body size, timing of breeding and parental behaviour on the relative growth and
energy expenditure of chicks of these precocial shorebird species are determined and
the adaptations made and strategies chosen by precocial shorebirds in a sub-tropical
environment are discussed.

Due to their mode of development and the warm climate in which they grow,
it was expected that African Black Oystercatchers would have a lower resting
metabolic rate and daily energy expenditure than precocial species living in the same 
environment and both precocial and semi-precocial Charadriiformes species at higher
latitudes. In Chapter 7 the energetic implications of semi-precocial development are
discussed for the African Black Oystercatcher. 
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Table 1.1. Adult mass (g), hatchling mass (g), degree of precociality, prefledging period and
breeding latitude of the six study species included in this thesis
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Spotted Thick-knees occur throughout southern Africa (Maclean 1997) and
breed in the Western Cape from the end of August through to April (Maclean 1997). 
Similar to African Black Oystercatchers, Spotted Thick-knee clutch sizes are small, the
modal size being two eggs (Hockey & Dowie 1995); chicks are semi-precocial (Hockey 
& Dowie 1995) and sibling rivalry occurs (Hockey & Dowie 1995). Spotted Thick-
knees are, however, nocturnal and because they breed during the austral summer their
foraging time is limited to about nine hours per day. Therefore it was expected that
Spotted Thick-knee chicks would have slower growth than African Black
Oystercatcher chicks as a result of limited foraging time. In Chapter 8 the growth and
energy expenditure of Spotted Thick-knees are discussed and compared to those of
other precocial and semi-precocial shorebirds.

In Chapter 9 I readdress the three research questions, making use of the 
entire dataset available from the literature to further explore the role of body mass,
mode of development, and latitude in growth and energy requirements of wader 
(Charadrii) chicks. Furthermore, I will also include data of chicks of other
charadiiform taxa such as gulls and terns, and skuas (Lari). A relationship has already
been described between growth rate coefficient and asymptotic body mass for
Charadriidae and Scolopacidae. We extended this type of analysis to include energy
expenditure and to look at growth and energy expenditure differences between species
across the latitudes.
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