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Abstract
We investigated the growth of African Black Oystercatchers, Haematopus moquini, on 
Robben Island, South Africa, over three austral summers, 2001–2004. Oystercatcher 
chicks from our study population were found to have a Gompertz growth rate 
coefficient that was 2% less than predicted for body mass based on the equation for 
waders. The growth rate of body mass was observed to vary greatly between chicks. 
Fast-growing African Black Oystercatchers had a shorter prefledging period, were 
larger at fledging and were more likely to fledge successfully. Leg growth lagged 
initially, then increased and slowed again as the chicks became older, whereas wing 
growth was slow initially but increased with age. Chicks with small growth rate 
coefficients for body mass exhibited retarded growth of all body measures except 
wing length. This enables these chicks to fledge in a shorter period of time than their 
slow growth would otherwise allow. Neither hatching date nor brood size influenced 
the growth rate coefficients. African Black Oystercatchers display sibling rivalry, and 
once a dominance relationship is established, the larger chick remains so during the 
prefledging period. The larger sibling fledges earlier and at a heavier mass; this may 
improve their chances of survival. 
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Introduction 
Oystercatcher chicks are semi-precocial waders (del Hoyo et al. 1996), which means 
that they are mobile soon after hatching but rely entirely on parental feeding until after 
fledging (Dircksen 1932, Lind 1965, Groves 1984, Hockey 1984a, 1996). Thus, prey 
availability, parental food provisioning and territory quality can influence the growth 
and survival of chicks (Groves 1984, Ens et al. 1992, Kersten & Brenninkmeijer 1995, 
Hazlitt et al. 2002). Kersten and Brenninkmeijer (1995) reported that fledging success 
of Eurasian Oystercatcher, Haematopus ostralegus, chicks increased with growth rate and 
that chicks fledging at an earlier age exhibited a faster growth rate. 
 Groves (1984) found that brood size impacted the growth rate of American 
Black Oystercatcher, Haematopus bachmani, chicks; chicks from one-chick broods 
exhibited greater masses than chicks from two-chick broods of the same age. In 
addition, dominance relations and sibling rivalry, between siblings of two-chick 
broods resulted in mass differences between siblings; larger chicks weighed up to 48% 
more upon fledging (Groves 1984). Oystercatchers start incubation once the clutch is 
complete, thus resulting in relatively synchronous hatching (Hockey 1983a, Ens et al.
1996). Chicks usually hatch within a few hours of each other, and chicks hatched first 
are brooded while the remaining eggs hatch (Hockey 1996). Chicks leave the nest 
shortly after the last chick hatches (Hockey 1996). Although siblings begin their life at 
roughly the same size and receive their first feeding at the same time, Safriel (1981) 
noted that within two weeks after hatching sibling rivalry results in significant mass 
differences between Eurasian Oystercatcher chicks. Hazlitt et al. (2002) proposed that 
parent American Black Oystercatchers adjust their effort according to the quality of 
their territory. Parental provisioning and food availability could therefore influence 
sibling rivalry and result in the development of dominance of one chick within the 
brood and thus a size difference between siblings. 

The results reported here are part of a larger study about the breeding biology 
of African Black Oystercatchers: e.g. Tjørve and Underhill (submitted manuscript-a, 
submitted manuscript-b, submitted manuscript-c). The aim of this study was to 
describe the growth of African Black Oystercatcher chicks and to determine and 
discuss the factors that affect their growth and successful fledging. We compare 
different methods of analysing growth and discuss their applicability to the growth 
data of African Black Oystercatchers. The rate of development of the embryo during 
the incubation period may influence development after hatching. Variation in 
embryonic rate may be paralleled by chick growth rate – factors not related to feeding. 
In this study, however, we only discuss post-hatching influences – the impact of hatch 
date, brood size, sibling rivalry and possible factors affecting the establishment and 
maintenance of weight differences in two-chick broods. We have also investigated 
how growth rate affects fledging success, the duration of the prefledging period and 
the size of fledglings.

African Black Oystercatchers breed over the austral summer (Leseberg et al.
2000), October to April. First hatchlings are observed in late November. Chicks grow 
during the long, warm period of southern summer. We compared the growth of 



Chapter 4 70

African Black Oystercatchers to that of other oystercatcher species in different 
climatic conditions to determine whether their growth rate and the length of their pre-
fledging periods were different. In addition, we hypothesised that oystercatchers 
would exhibit faster growth rates for their size than self-feeding precocial waders; their 
mode of development reducing energy expenditure on activity and thermoregulation 
thus enabling energy to be allocated to growth. 

Methods
Study site 
African Black Oystercatcher breeding was monitored during three consecutive austral 
summers, October to May, from 2001 to 2004 on Robben Island (33 47’S 18 21’E) in 
Table Bay about 11 km from the port of Cape Town, South Africa.  

Robben Island has an area of 507 ha, and the coastline is approximately 
10 km in perimeter. Most of the shoreline is rocky with varying degrees of exposure 
(Crawford & Dyer 2000) except for a 400 m-long section of sandy shore situated 
immediately south of Murray’s Bay Harbour. African Black Oystercatchers are found 
on the narrow, 5–20 m wide upper shore, and the intertidal zone. The birds are 
dependent on the intertidal zone for their food and most lay their clutches on the 
shelly and rocky areas of the upper shore. 

Nests, eggs and chicks 
From early October until the end of April the study area was searched for new nests 
twice a week. Breeding attempts were usually discovered during the laying or 
incubation stage. On finding a nest, eggs were uniquely marked, their mass was 
recorded to within ±0.1 g, using an electronic balance (Tanita model 1479V) and 
length (l, mm) and two breadth measurements (b1 and b2, mm) were taken over the 
widest part of the egg using a pair of dial callipers (to determine egg volume despite 
asymmetry in the egg). Thereafter, nests were revisited once a week during the first 
breeding season and at 3–4 day intervals until hatching during the following two 
breeding seasons. The volume and rate of egg mass loss was determined for each egg 
and we were able to forecast hatching date using methods described in Tjørve and 
Underhill (submitted manuscript-b). Chicks were therefore first caught and measured 
in the nest cup or soon after leaving the nest. 

Broods were monitored from hatching until fledging. When first captured, 
either in the nest cup or when first encountered on the shore, chicks were measured 
and marked. When approximately 100 g, chicks were ringed on the right leg with an 
alloy (SAFRING) ring and a unique combination of colour rings. Chick mass was 
measured to the nearest 0.1 or 0.5 g using a Pesola spring balance. We also measured 
the length of exposed culmen, head and tarsus to the nearest 0.1 mm with dial 
callipers. Foot length (tarsus plus toe) and wing length were measured to the nearest 
mm with an aluminium wing rule.  
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Mean biometrics were determined for hatchlings, prefledglings on their last 
capture and fledglings. Young oystercatchers remain with their parents for about one 
and a half months (Tjørve & Underhill submitted manuscript-b) after fledging, and it 
was sometimes possible to capture recently fledged chicks still with their parents. 
Fledging date was defined as the first day when wing length exceeded 200 mm or 
when chicks could fly at least 100 m. Fledging usually occurs when the chicks are 
about two-thirds of adult body mass (Hockey 1984a).

Growth
The large sample size of African Black Oystercatcher chicks of both known age and 
unknown age for which biometric measurements were taken enabled us to test 
different methods to fit growth models to data. We used body mass as the 
measurement for which we compared the fit of the models and used the best-fitting 
method to analyse the other biometric measurement data. 
 The growth models most frequently used to describe the growth of waders 
are the Gompertz growth function,

M = A · exp (–exp (– k · (t T))), 
and the logistic growth function,

M = A/(1 + exp (– k · (t  T))).
In these growth models the parameter M is body mass (g), A is the asymptotic body 
mass (g), k is the growth coefficient (d–1), t is the age of the chick (d) at the time of the 
observation, and T is the age of the chick at the point of inflection (d).  

A frequently-used method of fitting a growth model to data collected for a 
particular species, entails using a non-linear curve fitting algorithm, and directly fitting 
the growth model in arithmetic space, minimizing the sums of squared residuals 
between the fitted line and the data points (e.g. Steinen & Brenninkmeijer 2002 and 
Saffer et al. 2000) – so called least squares regression. 

Growth data sets usually show little variation in size compared to that of 
chicks about to fledge. This property of data is termed “heteroscedasticity”. The 
method of least squares provides a good fitting curve in the context of 
homoscedasdicity. Heteroscedasticity can be overcome through transforming the data 
as in the procedure described by Ricklefs (1967, 1973). This procedure involves 
transforming the data, estimating the asymptote, and performing a simple regression 
on the linear data (e.g. Starck et al. 1995). 

We chose to fit a non-linear algorithm in transformed space, because the data 
consists of subsets of data points that refer to the growth of a single chick. Growth 
parameters were estimated for individual chicks of known age with an accuracy of 
24 hours, and for which at least two measurements were taken. Both the Gompertz 
and the logistic growth models were used with a fixed asymptote of 695 g, mean adult 
body mass (KMCT unpubl. data), and a free asymptote. Median values for each 
parameter were used to produce a growth curve. The fit of the four curves were 
compared, and the best-fitting model was chosen to describe the data. 
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Ricklefs (1967) pointed out that his method is very sensitive to the choice of 
asymptote. Thus, if a slightly inaccurate asymptote is chosen, the data points will no 
longer form a straight line and could potentially bias the fitted straight line in simple 
linear regression. We modified Ricklefs analysis by applying Theil’s robust regression 
(Theil 1950a, 1950b, 1950c). 

We determined growth coefficients for each chick by calculating the slope 
between all combinations of two (or pairs of) data points and taking the median of 
these values. The Gompertz and logistic growth models were linearised to find the 
slope between two data points, k 1,2 (Ricklefs 1973). The growth coefficient for the 
pair of observations was calculated using the time difference between pairs of 
observations (t2–t1). If we have m observations on a chick, we can find  

p = m (m – 1)/2 
values for k by considering all pairs of observations. By applying Theil’s robust 
regression (Theil 1950a, 1950b, 1950c) the median of the p values can be taken as the 
estimate of k for the chick. The median k value of all chicks was then taken as the 
logistic or the Gompertz growth rate coefficient value, KL or KG respectively.

Once the KL or KG was determined the hatching mass (H, g), asymptotic 
mass (A, g), and hatching age (d), t being 0, were used to determine a value for T for 
the species. Hatchling measurements, H, were measured in the field and the upper 
asymptote measurements, A, were fixed at average adult body size for each 
measurement (KMCT unpubl. data). The constant T was determined for the 
Gompertz model from the equation T = (ln –ln (H/A)/KG, and for the logistic model 
from the equation T = ln (A–H/H)/KL. These parameters (KG or KL, T and t) were 
then used to create the growth curves for each body measurement. Further details on 
the determination of the growth curves can be obtained from Appendix 4.1. 

In addition to performing this analysis on chicks of known age, the sample 
size of chicks for which growth could be modelled was increased by including chicks 
of unknown age. 

Growth coefficients of all modelling methods were estimated from 
measurement increments of chicks captured at least twice. During any day a chick’s 
body mass may vary considerably, depending on whether it had received food or not. 
These random variations in body mass can amount up to 10 g (KMCT pers obs), 
which is of the same order of magnitude as the daily mass increase. To reduce the 
impact of daily variations on the estimated growth rate coefficients, only those data 
where at least 10 days elapsed between the first and the last measurements were 
selected.

No formal tests are available to compare the fit of the models when using the 
robust regression growth analysis. The fit of the different estimated curves were 
compared by the p-values of the estimated growth parameters. The growth rate 
coefficient of body mass for each chick was correlated to that of all other body 
measures using Spearman’s rank correlation. 
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Average growth rate (g.d–1) was calculated from the growth curve determined 
for African Black Oystercatchers with a fledging period of 40 days and over the period 
of maximum growth from day 10 to 30.  

The relationship between growth rate and fledging 
The relationship between growth rate of chicks and fledging success was examined 
with a logistic regression. In addition, the relationship between growth rate and 
fledging date, the length of the prefledging period and fledging body mass was 
examined using linear regression. The influence of hatching date and brood size on 
growth rate were also tested using linear regression. 

Sibling rivalry and its impact on chick growth and fledging success 
African Black Oystercatchers are capable of raising two chicks to fledging, and sibling 
rivalry may occur. Growth rate coefficients of large and small siblings were compared 
using t-tests for matched pairs. Sibling growth rate coefficients were compared to 
those of single chick broods and to sibling broods where one chick died, using t-tests 
assuming equal variances. 

Results
Growth
Two hundred captures of 54 chicks from 45 broods in the first breeding season,  
2001–2002, 80 captures of 60 chicks from 37 broods in the second breeding season, 
2002–2003, and 87 captures of 24 chicks from 14 broods in the third breeding season, 
2003–2004, were made during this study. Mean biometrics were determined for 
hatchlings, prefledglings on their last capture before fledging and fledglings 
(Table 4.1). Median hatching mass of chicks found in the nest cup was 38.7 g 
(mean = 39.2, SD = 2.7, n = 39). There was large variation in the age at fledging; the 
average age when chicks could fly was 37 days (SD = 3.72, range = 30–46, n = 27), 
but there were 11 chicks that took longer than 37 days. A fledging age of 40 days was 
used when calculating the growth curve for this study. Chicks weighed 360 – 547 g 
(median = 470.0, mean = 463.9 g, SD = 40.9, n = 49) on capture after fledging. This 
is 50% to 79% of the mean mass of adult African Black Oystercatchers in this 
population, 695 g (KMCT unpubl. data). 
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Table 4.1. Growth measurements of African Black Oystercatcher chicks from Robben Island, 
South Africa. Body mass (g), culmen length (mm), head length (mm), tarsus length (mm) and foot 
length (mm) were measured for both hatchlings and fledglings, but wing length (mm) was only 
measured for fledglings. 

Measurement n Median Mean SD Range 
Hatchling mass 39 38.7 39.2 2.7 34.2–45.5
Prefledging mass 54 424.0 428.3 34.6 380–516 
Fledging mass 49 470.0 463.9 40.9 360.0–547.0 
Hatchling culmen length 38 16.6 16.6 1.2 13.0–20.0
Prefledgling culmen length 54 44.5 45.6 8.4 34.4–97.6
Fledgling culmen length 48 50.7 49.9 5.6 39.9–60.6
Hatchling head length 38 41.7 42.3 2.3 39.7–50.0
Prefledgling head length 54 90.6 90.0 4.5 78.0–98.7
Fledgling head length 48 96.7 96.7 5.7 83.7–111.6
Hatchling tarsus length 38 28.6 29.3 3.2 25.5–39.5
Prefledgling tarsus length 54 56.2 57.7 3.5 42.5–67.2
Fledgling tarsus length 48 59.2 59.3 2.7 54.8–67.3
Hatchling foot length 38 53.8 53.3 2.1 48.0–57.0
Prefledgling foot length 54 101.0 101.6 3.8 93.0–109.0
Fledgling foot length 48 103.0 103.2 3.6 96.0–112.0
Prefledgling wing length 54 182.5 177.6 18.6 92.0–199.0
Fledgling wing length 48 212.0 217.8 17.4 199.0–270.0 

Growth analysis methods 
African Black Oystercatchers tended to fledge when they reached a certain size rather 
than a certain age and as a consequence fast-growing chicks fledge up to 16 days 
earlier than slow-growing chicks. As a result, the data from the age of the first 
fledgling (30 days) onwards refers to the subset of chicks that have not fledged. This 
truncation introduces a downward bias into the growth curve if all data points are 
analysed together. Calculating the growth of individual chicks up to the age of 40 days, 
this bias is removed.  

The analysis of growth of individual chicks using least squares regression with 
a free asymptote, resulted in unrealistic estimations of asymptotic mass (Figure 4.1a, 
Table 4.2). In addition, the curves were S-shaped, having levelled off before fledging 
age (Figure 4.1a). Wader (Charadrii) chicks continue to grow after fledging. This 
growth may be at a different, most likely at a slower rate, but growth does not level off 
before fledging.  

Therefore we decided not to use the Gompertz or logistic growth models 
with a free asymptote (Figure 4.1a). The robust regression analysis of chicks of known 
age resulted in a curve that estimated values for size slightly less than the analysis of 
chicks of both known and unknown age, for both the Gompertz and logistic growth 
models (Figure 4.1b, Table 4.2). 

The least squares and the robust regression analysis resulted in the logistic 
growth curves overestimating the growth of young chicks. The Gompertz growth 
models did not do this. We therefore chose to compare the methods in the estimation 
of the Gompertz growth curve only. The curves were very similar (Figure 4.2); the 
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Gompertz growth curve estimated for chicks of known and unknown age through 
robust regression was identical to that estimated for chicks of known age using least 
squares, although the parameterisation was different. Similar growth analyses have 
been carried out by Ricklefs (1973) for several species; the results from the robust 
regression were therefore assumed to be reliable in this case.  

The robust regression method enables one to estimate growth parameters on 
a larger data set, including for chicks of unknown age, thus we chose to use this 
method when analysing the growth of all other structural components. Based on the 
P-values of the estimated parameters, growth of all structural components except wing 
length was better described by the Gompertz growth model than the logistic model. 
The growth parameters for all measurements for African Black Oystercatchers are 
given in Table 4.3 (Figure 4.3). 

Although the Gompertz growth model fitted the growth of tarsus and foot 
better than the logistic model, the fit was not particularly good. A poor fit was also 
observed for the logistic and Gompertz growth models fitted to wing measurements. 
This may be due to the growth patterns of oystercatcher legs and wings. The growth 
of tarsus and foot measurements was slow initially, increased briefly, and then slowed 
down (Figure 4.3). Although feathers may grow rapidly, they can be energetically 
expensive in terms of heat loss or mechanical wear. The lag in wing growth may 
therefore be a consequence of delaying wing growth and expending energy on growth 
of other body parts. Once the wing started growing, growth was rapid (Figure 4.3). 
The poor fit of the logistic and Gompertz models could be a statistical artefact that 
arises upon returning to arithmetic space from transformed space. In addition, the 
inflection points of both the logistic and the Gompertz models are fixed, thus the 
models may be too inflexible to successfully model growth in the tarsus, foot and 
wing of African Black Oystercatchers. We attempted to analyse the growth of the 
tarsus, foot and wing using the Richards model. This also proved to be too inflexible 
to model the data. This pattern of growth was recorded for African Black 
Oystercatchers by Hockey (1984a) and similar patterns have been recorded for other 
shorebird species (Beintema & Visser 1989b, Schekkerman et al. 1998a, 1998b). 
Further investigation into different growth models for shorebirds is therefore 
required.

The modelling of growth data after the initial lag period is not a good 
statistical method (Motulsky & Christopoulos 2004). There are a large number of 
models available to analyse growth; many with a larger number of parameters than the 
logistic or Gompertz growth models. These multiple-parameter models are difficult to 
linearise and are represented in arithmetic space to reveal biological patterns. 
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Figure 4.1. Growth of body mass (g) of African Black Oystercatcher chicks from Robben Island,
South Africa. Solid circles represent chicks of known age, and open circles represent chicks of 
unknown hatch date that were captured at least twice, and for which the age at first capture was
estimated by comparing their measurements to those of chicks of known age. Growth curve
parameters are given in Table 4.2 for (A) the Gompertz  growth model with a fixed (—) and  free 
(– –) asymptote and the logistic growth model with a fixed (····) and free (–··–) asymptote using
least squares and (B) the Gompertz and logistic growth models with a fixed asymptote for chicks
of known age (—, – –) and chicks of both known and unknown age (····, –··–), respectively.
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Table 4.2. Median growth parameters including lower quartile (L.Q.) and upper quartile (U.Q) of 
body mass (g) of African Black Oystercatcher chicks from Robben Island, South Africa, from both 
the Gompertz growth model, M = A · exp (–exp (–k · (t – T))), and the logistic growth model, 
M = A/(1 + exp (–k · (t – T))). Least-squares with fixed and free asymptotes and using robust 
regression with a fixed asymptote were used to estimate growth for chicks of known age and 
chicks of known and unknown age, respectively. The number of chicks contributing data (n),
asymptotic body mass, (A, g, KMC unpubl. data), growth rate (k, d–1), and the point of inflection 
(T, d) are given.

Measurement n A (g) k T
Gompertz (fixed A) 56 695.0 0.04755

(0.0415, 0.0553) 
22.7
(19.7, 24.7) 

Gompertz (free A) 51 538.6
(444.7, 616.1) 

0.0748
(0.0527, 0.0939) 

15.7
(13.6, 18.9) 

logistic (fixed A) 56 695.0 0.0813
(0.0665, 0.0985) 

29.9
(26.1, 34.0) 

logistic (free A) 53 445.5
(366.9, 518.9) 

0.1366
(0.1102, 0.1627) 

18.64
(15.4, 21.3) 

Gompertz (known, robust) 58 695.0 0.0474
(0.0406, 0.0528) 

32.3
(26.0, 20.1) 

Gompertz (known and unknown, robust) 92 695.0 0.0496
(0.0428, 0.0543) 

21.3
 (2.7, 19.4) 

logistic (known, robust) 58 695.0 0.0891
(0.0709, 0.1032) 

31.6
(–, –) 

logistic (known and unknown, robust) 92 695.0 0.0686
(0.0686, 0.1038) 

31.6
(–,–)

 There was variation in the growth rate coefficients of body mass of 
oystercatcher chicks: from 0.0238 to 0.0712 d–1 (Figure 4.4, Table 4.4). Similar degrees 
of variation were observed in other body measurements (Table 4.4). Chicks with small 
growth rate coefficients for body mass showed slowed development in all body 
measurements except wing length (Table 4.5). Accordingly, a young chick can have 
the same biometrics as an older chick with retarded growth; the only difference being 
wing length. Mass should therefore be better correlated with the biometric measures 
than with age. 

It was determined from the calculated growth curve that African Black 
Oystercatcher chicks gained 10.7 g.d–1 during their 40 day prefledging period and 
12.1 g.d–1 over the period of maximum growth.  
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Figure 4.2. Growth of body mass (g) of African Black Oystercatchers from Robben Island, South
Africa, modelled with the Gompertz growth model using least squares (—), and robust regression
for chicks of known age (····) and chicks of both known and unknown age (– –). Solid circles
represent chicks of known age. Open circles represent chicks of unknown hatch date that were
captured at least twice, and for which the age at first capture was estimated by comparing their
measurements to those of age-determined chicks.

Table 4.3. Growth parameters of African Black Oystercatcher chicks from Robben Island, South
Africa. Parameters for body mass (g), culmen (mm), head (mm), tarsus (mm), foot (mm) and
wing (mm) were determined through robust regression for chicks of known and unknown age. All 
measurements were described by the Gompertz growth model (M = A ·exp (–exp (–k · (t + T))))
except wing length which was described by the logistic model (M = A/(1 + exp (–k · (t + T)))). The 
number of chicks contributing data (n), the three parameters of the growth equation (asymptotic
mass (A, g, KMCT unpubl. data), growth rate (k, d–1), and the point of inflection (T, d)) and body
mass at hatching (H) and at fledging (F) are given.

Measurement n A k t H (g) F (g) Percentage
H/A

Percentage
F/A

Body mass 87 695.0 0.0496 21.31 39.2 463.9 5.6 66.7
Culmen 96 63.2 0.0360 8.10 16.6 49.9 25.9 79.0
Head 96 125.0 0.0330 2.49 42.3 96.7 33.8 77.4
Tarsus 96 56.1 0.0963 –4.46 29.3 59.3 52.2 ***
Foot 96 115.0 0.0513 –5.12 53.3 103.2 46.3 89.7
Wing 96 275.5 0.0892 10.52 23.9 217.8 8.7 79.1
*** mean fledgling tarsus length was greater than mean adult tarsus length of this study 
population. This may have been a result of the relatively small sample size of fledglings
measured.
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Figure 4.3. Growth of body mass (g), culmen length (mm), head length (mm), tarsus length (mm),
foot length (mm) and wing length (mm) of African Black Oystercatcher chicks from Robben Island,
South Africa. Solid circles represent chicks of known age, and open circles represent chicks of 
unknown hatch date that were captured at least twice, and in which the age at first capture was
estimated by comparing their measurements to those of age-determined chicks. Growth curve
parameters are given in Table 4.3.

Table 4.4. Variation in the growth rate coefficient, k, of morphometric measurements of African 
Black Oystercatcher chicks from Robben Island, South Africa. These morphometric measures
include body mass (g), culmen (mm), head (mm), tarsus (mm), foot (mm) and wing (mm). 

Measurement n Median Mean SD Range L.Q. U.Q
Body mass 92 0.0495 0.0482 0.011 0.02–0.07 0.0428 0.0543
Culmen 95 0.0361 0.0373 0.011 0.02–0.08 0.0296 0.0420
Head 96 0.0325 0.0326 0.006 0.01–0.08 0.0290 0.0373
Tarsus 94 0.0963 0.1031 0.051 0.01–0.28 0.0703 0.1260
Foot 96 0.0513 0.0508 0.017 0.00–0.13 0.0417 0.0590
Wing 95 0.0535 0.0533 0.012 0.02–0.09 0.0462 0.0610
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Figure 4.4. Variation in the growth rate coefficients of body mass for African Black Oystercatcher
chicks from Robben Island, South Africa.
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Table 4.5. Results of Spearman’s rank correlation of the growth rate of body mass (g) with the 
length of culmen (mm), head (mm), tarsus (mm), foot (mm) and wing (mm) of African Black 
Oystercatcher chicks from Robben Island, South Africa. 

n r P
Culmen 92   0.507 0.000
Head 92   0.655 0.000
Tarsus 92   0.369 0.000
Foot 92   0.684 0.000
Wing 92 –0.030 0.778

The influence of growth rate on fledg ng i
Chicks with larger growth rate coefficients had a greater probability of fledging 
successfully (logistic regression:  = 7.48, S.E. = 2.69,  = –96.38, S.E. = 48.79, 
n = 97, P = 0.048). Chicks with larger growth rate coefficients fledged at an earlier 
date (Pearson Product Moment Correlation: r = –0.261, n = 67, P = 0.033) and in a 
shorter period of time (Pearson Product Moment Correlation: r = –0.482, n = 62, 
P < 0.000) at a heavier body mass (Pearson Product Moment Correlation: r = 0.498, 
n = 62, P = 0.004). Growth rate coefficients were not influenced by hatching date 
(Pearson Product Moment Correlation: r = 0.023, n = 71, P = 0.850). Of the 50 single 
chicks and 17 pairs of siblings for which growth was known, no discernable 
relationship between growth rate coefficients and brood size was found (Pearson 
Product Moment Correlation: r = –0.079, n = 84, P = 0.477). 

Sibling rivalry and its impact on chick growth and fledging success 
Mean clutch size of African Black Oystercatchers is two eggs, but clutches of one and 
three eggs are found. None of the 12 three-egg clutches found on Robben Island 
during the three year study produced two or three fledglings; clutches of three eggs 
were therefore excluded from the analysis. Of the 105 two-egg clutches found during 
this study, 68 hatched two chicks. The chicks of 24 of these two-egg clutches did not 
fledge successfully; 24 clutches resulted in a single fledgling, and 20 clutches resulted 
in both chicks fledging successfully. A single sibling pair found after hatching 
successfully fledged and was included in this analysis. 

Growth rate coefficients could be determined and compared for 17 of the 21 
sibling pairs where both chicks fledged. The difference in mass between siblings 
started to become noticeable after about two weeks (Figure 4.4 and Figure 4.5). The 
larger chick in the sibling pairs had a significantly larger growth rate coefficient than 
the smaller chick (one-tailed matched pairs t test: t = –2.74, df = 16, P = 0.007). 
Median growth rate coefficients of 50 single chicks did not differ significantly from 
those of siblings (one-tailed t-test assuming equal variances: t = 0.83, df = 90, 
P = 0.20, Figure 4.4 and Figure 4.6). Single chick growth rate was slightly greater than 
that of small sibling chicks (one-tailed t-test assuming equal variances: t = 1.49, 
P = 0.07) but was not greater than that of large sibling chicks (one-tailed t-test 
assuming equal variances: t = –0.484, P = 0.315). Growth rate coefficients for chicks 
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where a sibling died could only be determined for two of the chicks in this study –
one of them was the larger sibling, and the other was the smaller sibling. Their growth 
rate coefficients were not significantly different from that of other siblings that
fledged successfully (one-tailed t-test assuming equal variances: t = 1.08, df = 34, 
P = 0.144). No chicks were seen to be sick or starving, and no corpses of sick or
starved chicks were found during this study.
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Figure 4.5. Growth of the larger sibling ( ) and the smaller sibling ( ) of African Black
Oystercatcher broods from Robben Island, South Africa. The plot contains all measures of the
chicks of 17 pairs of siblings that fledged. The solid line represents the larger sibling, and the
dotted line represents the smaller sibling. The Gompertz model was used to describe growth of 
small and large chicks, M = 695 exp (–exp (–0.0473 · (t + 22.3))) and
M = 695 exp (–exp (–0.0495 · (t + 21.3))), respectively.
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Figure 4.6. Growth of single and sibling African Black Oystercatcher chicks from Robben Island,
South Africa. The plot contains all measures of 50 single chicks ( ) and all measures of 17 pairs
of siblings ( ) that fledged during the prefledging period. The Gompertz model was used to 
describe growth of single and sibling large chicks, M = 695 exp (-exp (-0.0497 · (t + 21.3))) and
M = 695 exp (-exp (-0.0479 · (t + 22.0))), respectively.

Discussion
Using the Gompertz model and robust regression, which, of the variety of regression
models tested here, was the most flexible to accommodate the growth patterns of
African Black Oystercatcher chicks, we found that chicks with faster growth had a
greater probability of fledging than those with slower growth.

Beintema and Visser (1989b) noted the difficulty of fitting growth curves to
morphometric measurements of waders, particularly the growth of the wing. We were
equally dissatisfied with the flexibility of regression models to fit the data for African
Black Oystercatcher chicks. Further investigation into more flexible growth models is
required.

The impact of growth rate on fledging
Fledging success of African Black Oystercatcher chicks in this study was low and
decreased during the three year study (Tjørve & Underhill submitted manuscript-c).
No chicks in this study were observed to die from starvation but predation and
unpredictable bouts of severe weather (Tjørve & Underhill submitted manuscript-b,
submitted manuscript-c), factors unrelated to parental foraging performance or food
availability, constrained fledging success. Tjørve and Underhill (submitted manuscript-
c) suggested that predation of oystercatcher eggs and chicks was most likely by Kelp
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Gulls, Larus dominicanus, mole snakes, Pseudaspis cana, and feral cats, Felis catus and that 
predation can be aggravated by human disturbance. 

Growth rate of African Black Oystercatchers did impact chick fledging 
success; chicks with larger growth rate coefficients had greater fledging success, 
shorter prefledging periods and were larger at fledging than chicks with small growth 
rate coefficients. If food resources allow it, rapid growth therefore seems beneficial to 
African Black Oystercatcher chicks. Hatch date and brood size did not significantly 
influence the size of chick growth rate coefficients. 

The relationship between growth of body mass and that of other body par s t
The precocial and semi-precocial mode of development impacts on the growth and 
development of body parts (Ricklefs 1973). The general pattern and mode of 
development of African Black Oystercatcher chicks is closely adapted to their 
ecological circumstances during the prefledging period.  Since chicks are unable to 
catch and manipulate prey they are parentally fed, but their locomotory systems are 
sufficiently developed to enable chicks to move and hide in the exposed coastal 
environment. Growth of their legs was slow initially, increased rapidly and then 
slowed again. The fast growth of the legs after about five days may increase the 
mobility of chicks after hatching and thus improve their chances of escaping potential 
predators whilst unable to fly. Most of the chicks that disappeared, most likely due to 
predation, were lost within the first two weeks after hatching. During this period 
chicks are at their most vulnerable because they are more immobile and require more 
brooding than older chicks; this makes them more conspicuous to predators. In 
addition to improving the chicks’ chance of avoiding predation, increased mobility as 
chicks get older enables them to follow their parents into the intertidal zone, thus 
reducing locomotory costs for the adults as chick energy requirements increase. Wing 
growth was slow initially and then increased almost linearly. The initial lag may be a 
consequence of the large energy expense of feather growth from body heat loss and 
mechanical wear to feathers. 
 Schew and Ricklefs (1998) found that Japanese Quail, Coturnix coturnix 
japonica, chicks adjusted the growth of their tarsus and wing chord when under 
negative energy balance during food restriction trials. Van der Ziel and Visser (2000) 
stated that food restriction of Japanese Quail chicks resulted in growth retardation of 
structural components (body mass, wing, tarsus and head). Body mass growth was, 
however, found to be the most sensitive and wing growth the least sensitive to food 
restriction. African Black Oystercatcher chicks with a small growth rate coefficient 
showed retarded growth in all structural components measured, except growth of the 
wings. Van der Ziel and Visser (2000) argued that preference of wing growth over the 
growth of other structural components in quail chicks experiencing limited food 
availability may be adaptive; increasing the chances of survival for these precocial 
chicks by enabling escape by flight. Eurasian Oystercatcher chicks typically fledge after 
having reached a wing length of 180 mm (Kersten & Brenninkmeijer 1995). Kersten 
and Brenninkmeijer (1995) noted that Eurasian Oystercatcher chicks fledge 
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irrespective of their body mass (range from 190 to 400 g), that growth of other 
structural components (head and tarsus) exhibited less variation in growth than body 
mass, and that catch-up growth occurs after fledging when chicks can feed 
themselves. This seems to indicate that the retardation of body mass growth does not 
affect the final growth trajectory of oystercatchers. Wing growth of African Black 
Oystercatcher chicks, like that of Eurasian Oystercatcher chicks, seems to have been 
favoured. A similar growth pattern after fledging may therefore occur.  

The influence of brood size on the growth of African Black Oystercatcher 
chicks
During this study, the number of chicks produced from one-, two- and three-chick 
broods did not differ significantly (Tjørve & Underhill submitted manuscript-c). No 
three-egg clutches fledged three chicks: the third chick died during hatching or within 
the first week after hatching. Most pairs of oystercatchers monitored during this study 
laid two-egg clutches and 37% of the pairs that hatched two chicks fledged both 
(Tjørve & Underhill submitted manuscript-c).  

Chick loss in two- and three-chick broods may be due to the behaviour of 
both adults and chicks (Safriel 1975, Groves 1984, Hatley & Ankersen 2003). Groves 
(1984) and Hatley and Ankersen (2003) suggested that predators may locate young 
chicks by observing their parents. Oystercatcher chicks are often brooded by their 
parents during the first week after hatching (Safriel 1981, Groves 1984, Hockey 1984a, 
Kersten & Brenninkmeijer 1995), and predators can follow parents to their young 
chicks (Safriel 1975, Groves 1984). This is most likely the case for African Black 
Oystercatchers on Robben Island because during three breeding seasons all but six 
chicks were lost during the first two weeks after hatching (n = 69, Tjørve & Underhill 
submitted manuscript-c). As chicks get older they are brooded less frequently (Safriel 
1981, Groves 1984, Hockey 1984a, Kersten & Brenninkmeijer 1995). Groves (1984) 
and Hatley and Ankersen (2003) suggested that when chicks are larger predators 
would have a better chance of finding a chick on a territory with a two-chick brood 
than a one-chick brood and parent oystercatchers may be more capable of defending a 
single chick. During this study only six larger chicks, between 19 and 32 days old 
(Tjørve & Underhill submitted manuscript-c) were lost due to predation. This suggests 
that predators find it more difficult to find and catch larger chicks. 

Chick behaviour, in particular dominance relationships, may influence 
patterns of their mortality (Safriel 1981). The larger sibling may win food competitions 
and is thus satiated earlier than the smaller sibling – it and can then refuge in a 
protected position (Safriel 1981). The smaller sibling, however, may not be satiated as 
quickly, and as a result of hunger, may spend more time begging for food out in the 
open than the larger sibling. This makes the subordinate, hungry chick more 
conspicuous and thus more vulnerable to predation (Safriel 1981, Groves 1984). This 
dominance behaviour may play a greater role in predation risk when chicks are larger, 
their food requirements greater and the level of competition for food higher.  
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Two-chick broods are more demanding of parents’ time and energy than one-
chick broods, and differences in chick masses were established after two to three 
weeks. Groves (1984) found that once established, dominance relations between 
sibling American Black Oystercatcher chicks persisted, and heavier siblings were 
dominant. A similar dominance relationship was observed in sibling African Black 
Oystercatchers; the larger dominant chick remains larger during the prefledging 
period, and it fledges earlier and at a heavier mass than the smaller subordinate sibling. 
From the parents’ point of view, this is an advantage, as the smaller size and 
associated lower food requirements of the subordinate sibling reduces the amount of 
food that they have to deliver on any one day. From this perspective, it is possible that 
the variation in growth rate among chicks reflects the parental strategy to adjust the 
forthcoming maximal energy requirements of the chicks to the maximal amount of 
food that they are able to deliver. 

From an evolutionary perspective, parent African Black Oystercatchers 
should attempt to maximise fitness through maximising total chick growth and 
maximum parental effort. The large variation in growth rate in African Black 
Oystercatcher chicks that survived to fledging implies that chicks on Robben Island 
were able to survive and grow but were not able to achieve maximum growth. Sibling 
rivalry between African Black Oystercatchers chicks results in one dominating the 
other in food competition. This can result in the dominant chick growing faster, 
possibly fledging earlier and fledging at a greater mass. 

The influence of mode of development on growth of African B ack 
Oystercatcher chicks 

l

According to Ricklefs (1973, 1979), slow growth is associated with precocial 
development. Oystercatcher chicks, however, have precocial mobility, but also enjoy 
parental nourishment until well after fledging (Safriel et al. 1984). It was therefore 
expected that African Black Oystercatcher chicks would be able to grow at relatively 
faster rates than precocial wader species in the same environment. Based on known 
relationships between body mass and growth rate coefficients (Ricklefs 1973, 
Beintema & Visser 1989b, Visser & Ricklefs 1993a), and latitude and growth rate 
coefficients (Beintema & Visser 1989b), it was predicted that African Black 
Oystercatchers would grow slower than the smaller oystercatcher species growing in 
temperate regions. 

The growth rate coefficients of waders are generally below the values 
predicted by the curve based on 557 altricial and precocial species by Starck and 
Ricklefs (1998b), KG (d–1) = 0.96 · (A–0.316), where A is asymptotic mass (g) 
(Figure 4.7). Starck and Ricklefs (1998b) noted that the slopes of the allometric 
relationship for 75 Charadriiformes species, –0.10, was lower than the –0.316 
determined for all 557 species. The KG values of waders (Charadriidae, Scolopacidae, 
Recurvirostridae and Haematopodidae) are found between the values predicted from 
the equations of Ricklefs (1973) for altricial land birds and precocial land birds in 
general (including many Galliformes) (Figure 4.7). This slower growth may be a 
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consequence of most waders being precocial and the growth of precocial birds being 
slower than that of altricial species. The relationship between asymptotic mass and KG

of 15 species of Charadriidae and Scolopacidae was described by Beintema and Visser 
(1989b) as

KG = 0.390 · (A–0.312),
where A is asymptotic mass (g). Based on this predictive equation African Black 
Oystercatchers, with an asymptotic mass of 695 g, grew 2% less than the predicted 
value, 0.0506 d–1. Oystercatchers are, however, semi-precocial and this mode of 
development may enable them to have faster growth than precocial wader species due 
to lower energy costs for activity and thermoregulation. Gulls and terns (Lari) also 
exhibit semi-precocial development. The growth of African Black Oystercatcher 
chicks may be more similar to that of Lari as a consequence of mode of development 
similarities. Further analyses of growth are required in an attempt to differentiate 
between influencing factors on growth and to determine whether mode of 
development has a significant effect on growth. 

African Black Oystercatcher chicks had a lower KG than precocial wader 
species that breed in arctic, temperate and tropical regions (Figure 4.7). Eurasian 
Oystercatcher chick KG was recorded as 0.081 d–1 (Starck & Ricklefs 1998b). Using 
the predictive equation from Beintema and Visser (1989b), Eurasian Oystercatcher 
chicks with an asymptotic mass of 530 g grew at 147% of the predicted growth rate 
coefficient, 0.055 d–1. Semi-precocial development may enable Eurasian Oystercatcher 
chicks to grow faster than predicted. The KG of Eurasian Oystercatcher chicks was 
64% greater than that determined for African Black Oystercatchers in this study. The 
average daily mass increase of African Black Oystercatcher chicks across their 40 day 
prefledging period was determined as 10.7 g.d–1. This was 69% of the maximum 
growth rate determined by Hockey (1984a): 15.6 g.d–1. Eurasian Oystercatcher chicks 
exhibited an average daily mass increase of 13.1 g.d–1 (Kersten & Brenninkmeijer 
1995) and that of American Black Oystercatcher chicks was about 14 g.d–1, with an 
asymptotic, (adult) mass of 555 g (Webster 1942, Groves 1984, Andres & Flaxa 1995). 
African Black Oystercatchers in the study population inhabited mostly rocky shores 
and fed predominantly on invertebrates found on the rocks. This food source may be 
more time consuming to collect and possibly provides birds with less energy 
compared to Eurasian Oystercatchers feeding on mudflats. African Black 
Oystercatchers have a median clutch size of two eggs compared to three of some 
oystercatcher species breeding in temperate regions. In addition, they may raise fewer 
chicks to fledging. This suggests sparser food supply for African Black Oystercatcher 
chicks. Therefore the smaller growth rate coefficient and observed daily mass increase 
of African Black Oystercatcher chicks may be a result of body size, latitude and 
environmental or parentally controlled conditions that reduce the amount of energy 
available growth.  

Intraspecific variation in growth rate has been observed in oystercatchers 
(Groves 1984, Kersten & Brenninkmeijer 1995, Safriel et al. 1984), but also in other 
passerine and non-passerine species (Klaassen et al. 1992). Kersten and 
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Brenninkmeijer (1995) concluded that Eurasian Oystercatcher chick growth was
flexible, and that the variation in growth rate reflected the restricted availability of 
food. Food consumption by chicks in all species of oystercatcher is controlled by
parental provisioning (Kersten & Brenninkmeijer 1995) and may be affected by the 
number of siblings in the brood that compete for the same food supply (Groves 1984,
Ens et al. 1992). If adult African Black Oystercatchers of this study population were
raising siblings they did not supply the chicks equally with food. This was evident
from their unequal growth rate coefficients.

There are conflicting interests between adults and offspring African Black
Oystercatchers. Adults attempt to maximise their fitness through producing as many
fledglings as they possibly can. Chicks attempt to maximise their own fitness by
attempting to monopolise the food delivered by their parents and thus the dominant
sibling will benefit from faster growth. 
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Figure 4.7. The growth of African Black and Eurasian Oystercatcher ( ) chicks in relation to 
precocial wader species that breed in arctic ( ), temperate ( ) and tropical ( ) regions. The lines
represent the predicted relationship between KG (d–1) and asymptotic mass (g) from (····) Starck 
and Ricklefs (1998b) for 557 bird species, (– –) Ricklefs (1973) for altricial land birds, (—)
Beintema and Visser (1989b) for Charadriidae and Scolopacidae and (–·–), Ricklefs (1973) for 
precocial land birds. Data is also obtained from the above references. 
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Appendix 4.1. Estimating growth coefficients of chicks when the ages are unknown 

Our primary goal was to estimate the growth coefficients of chicks when there are two 
or more sets of measurements for each chick, but the exact age of the chick is 
unknown. We assumed that we had a good estimate of both the hatchling mass, H,
and the asymptotic mass, A, so that we were able to focus the information in the 
observations into the estimation of a growth coefficient. 
 Wader chicks fledge when approximately to thirds of adult body mass and 
cannot be easily captured thereafter. This truncates those data points which are 
essential to achieve a reliable estimate of the asymptote. Therefore hatching mass and 
asymptotic mass can be assumed and known and adult body mass is used as the 
asymptote. 
 The logistic growth model, M = A/(1 + exp (–k · (t T))), can be written as 
A/M – 1 = exp (–k · (t T)). In this model the parameter M is mass (g), A is the 
asymptotic mass (g), k is the growth coefficient, t is the age of the chick (d) at the time 
of the observation and T is a constant. Taking natural logarithms, one obtains 
log (A/M – 1) = – k · (t T) = B – k · t, with B = k · T. Suppose that the measurement 
has value M1 on calendar date t1, and M2 and on date t2. Then as above, log (A/M1 –
1) = B – k · t1 and log (A/M2 – 1) = B – k · t2. Subtracting the second of these from 
the first eliminates the term B, and yields (log (A/M1 – 1)) – (log (A/M2 – 1)) = k · (t2
– t1). This provides an estimate of k,

k = (log (A/M1 – 1)) – (log (A/M2 – 1)/(t2 – t1))   (1). 

A similar analysis can be done for the Gompertz growth model, M = A exp (–exp (–k
(t T))). It yields  

k = (log ( log (M1/A))) – (log ( log (M2/A)))/(t2 – t1)  (2). 

Equations (1) and (2) enable the use of growth data for unknown age chicks for which 
at least two measurements were taken to estimate the growth coefficient k. If we have 
m observations on a chick, we can find p = m (m – 1)/2 values for k by considering all 
pairs of observations. We now apply the principal underpinning Theil’s robust 
regression (Theil 1950a, 1950b, 1950c) and take the median of the p values as the 
estimate of k for this bird. 
 For q chicks of a species, we obtain q independent estimates of the growth 
coefficient k in this way, and choose their median as a representative growth 
coefficient for the species. Suppose now that we have a value for k derived from 
either the logistic model (equation (1)) or the Gompertz model (equation (2)). We 
assumed a value for the asymptote A, but still require a value for T. This can readily 
be determined by arranging the growth curve in such a way that the measurement at 
time t = 0 is given by the initial value H at hatching. Putting t = 0 into the logistic 
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growth model, M = A/(1 + exp (–k (t T))), yields H = A/(1+ exp (k ·T)), so that 
T = log ((A–H)/H)/k, where k is the growth coefficient estimated by equation (1). 
Similarly, for the Gompertz growth model, M = A exp (–exp (–k (t T))), putting t = 0
yields H = A exp (–exp (k · T)), so that T = log (–log (H/A))/k, with k from 
equation (2). This approach ensures that the two growth curves start at the hatchling 
value, H, at time t=0.
 The advantage of using Theil’s robust regression over least squares 
approaches and approaches based on Ricklefs’ (1967) graphical method is that 
sensitivity to the choice of asymptote is substantially reduced. The advantage of 
calculating the growth coefficients separately for each chick, rather than in a single 
least-squares type analysis, is that it removes the difficulty that the data values entered 
into the model for a single chick are not independent of each other, as assumed by 
such models. 


