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Figure 3: Relative population trends of South African (0p"n symbols) and Namibian 

(solid symbols) Cape Gannet colonies by decades since the 1950s (RJM CrawJord, 
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Factors influencing the breeding success of Cape 
Gannets Morus capensis at Malgas Island, 2002/03 
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Omplcr2: r aCiors influtmcing the breOOing "UC(:eSS "reapC' GannC1s 

------ -
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AGE(yNr1) 

Fllllire I : rile- f'roquellCY of occurrence and breetl inl! sutc~ of Ca.pC' GallllC'1i (n= 125) 

of different ages, monitored on Mal);8~ Island in 2002103, 
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Fillu rc 2: The estimated nUmt",'T of egg~ h1id e;lCh week (fiIllI brooding allCfnpts) on 

Malgas Island, where week I was 11-17 August 2002 (n-"124)_ 
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Chapter 2: Factors influencing the breeding S\ICCeSS ofCupe Gannets 
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Figur~ 3: Breeding succe" probahility for Cape Gannets (If different ages as a funclioo 

of nest distances from the edge of the colony, at Malgas "land in 2002/03. 
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Chapter 3 

Factors influencing the growtb of Cape Gannet 
Morus capensis chicks, and growth in the 

Pelecaniformes 



Univ
ers

ity
 of

  C
ap

e T
ow

n

...... ' ........... to estImate 

In'rn,,,,h rate was Sllil:n111ca:mtlly 

a:m_" •• ", •. u 

PeJle~milctae:), cormora:mts 

seen 

come 

.-1 .... ,.,,,,,..,'" one to 

Tun,,,, ... ,.,, ",~r .... ' .. Cal~llrSlS IS 

.u •• """'"",, to 
.......... un'n rates were 

tro1Piclbir<1S or 

or 

own 



Univ
ers

ity
 of

  C
ap

e T
ow

n

et 

mallntam constant 

it 

mol"""'''' rates 

more recent " .......... ,'" 

Inn-,"',...", to test COlnDI~tm 

a 

some 

he1wf~en "'1-"""''''''' are more common 

Ih~,fTo,.,,<!<!~.<! L'lOlne"ea ";JLlillU:TI!'i • .::>UI .. """''::>Uu"" a 

enlcu;mc:v was not 

atte:mp!ts at Dre«~am{l. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 3: Factors influencing the growth of Cape Gannets 

All gannet pairs, regardless of age, presumably have similar foraging opportunities, with 

respect to food availability while breeding, so increased efficiency with age could allow 

earlier egg formation and laying in older females (date of laying may be influenced by 

foraging before breeding). Food availability may influence the reproductive state of 

breeding birds in some gannet species (Adams and Walter 1991). Starvation of chicks 

may be high during rough weather (Waghom 1982; Navarro 1991), either directly from 

lack of food returns or from increased thermoregulatory demands. 

Starck and Ricklefs (l998a, b) reviewed growth rates in birds and assembled a database . 

of 1117 estimates of the growth rates of 557 avian species. They confirmed a general 

overall trend for an inverse relationship between adult body mass A (g) and growth rate of 

chicks. For logistic growth rates, their allometric relationship was kL = 0.962 A-O·316
; the 

exponent of body mass was negative so that larger species grow more slowly than smaller 

species. They also performed analyses within orders and found a similar relationship for 

all except one order, the Pelecaniformes. For this order, for the 17 species for which they 

had growth rate data available, there was a positive relationship between mass and 

growth rate; in their analysis the fitted exponent of body mass was +0.21, so that the 

chicks of heavier species grew faster than those of lighter species. This relationship was 

significantly different to that for all avian species, but the fitted exponent was not 

significantly different from zero. They commented that this unexpected result required 

further investigation. 

There are substantial differences in chick growth rates within the Sulidae family, which 

could be related to varying clutch sizes as well as post fledging feeding. The three gannet 

species all have a clutch size of one egg, but chicks of the North Atlantic Gannet M 

bassana have extremely fast growth rates when compared to those of the Cape Gannet 

and the Australasian Gannet M serrator (Nelson 2002). The North Atlantic Gannet also 

has a much higher maximum weight than the other two species, and takes a shorter time 

to reach it (Nelson 2002). Adult North Atlantic Gannets attend and feed their chicks until 

the day or even hour of departure, compared to the behaviour of chicks of Cape and 

Australasian Gannets, which hang around the edge of the colony for a few days after 
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leaving the nest. Some chicks may still be fed by the parents if they return to the nest, but 

generally they are not. This contrast could be an adaptation to both their climate as well 

as their breeding habitats. North Atlantic Gannets breed in colder climates, so may need 

the extra fat reserves for warmth. They also breed on cliffs, so that the initial flight off 

the cliff is much easier to undertake at high mass. Cape and Australasian Gannets tend to 

breed on low, flat islands, in warmer climates, so therefore do not need the extra fat 

reserves. Some also walk into the sea and take their initial flight from the water, and 

thereafter from runways on the island. Excess mass may make the use of runways more 

difficult. 

It is also suggested that the North Atlantic Gannet is heavier at fledging because it 

completes its growth after fledging, during the swimming phase of its southward 

migration, lasting about two weeks. In comparison, the Cape and Australasian Gannets 

fly from their natal island (there is no swimming phase to their migration), so it is more 

advantageous for them to spend their last few days completing the growth of their flight 

feathers, instead of gaining weight. 

The boobies differ in their breeding ecology to the gannets. Five of the seven booby 

species have more than one egg in a clutch and there are varying degrees of post fledging 

feeding. The breeding strategies between the boobies differ substantially, and could be 

related to food availability and foraging techniques (Nelson 2002). Boobies are also 

slightly smaller and lighter than gannets, and are therefore adapted to flat, relatively 

windless nesting sites. Chick growth rates tend to be slower than the gannets. The Red­

footed Booby Sula sula and the Abbott's Booby S. abbotti both have a clutch size of one 

egg, whereas the Masked S. dactylatra, Brown S. leucogaster and Nazca Boobies S. 

granti have clutch sizes-of 1 - 2 eggs (usually 2), the Blue-footed Booby S. nebouxii has 

a clutch size of 1- 3 eggs (usually 2) and the Peruvian Booby S. variegata has a clutch 

size of 1- 4 eggs (usually 3) (Nelson 1978; Nelson 2002; Snow and Nelson 1984). The 

Masked Booby tends to feed its chicks for approximately eight weeks post fledging, the 

Brown Booby for 4 - 8 weeks, but up to 36 weeks post fledging, the Blue-footed Booby 

for 4 - 6 weeks, the Peruvian Booby for 4 - 8 weeks, the Red-footed Booby for 4-13 
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weeks, and the AbbotCs Booby for 20 - 40 weeks, but in some cases up to one year post 

fledging (Nelson 2002). 

The aim of the current study was to determine the growth rates of Cape Gannet chicks in 

relation to explanatory variables such as the age of parent and distance from the edge of 

the colony. We also followed the suggestion made by Starck and Ricklefs (1998a) and 

investigated the growth rates within the order Pelecaniformes. We therefore assembled a 

set of growth rates for species in the order from the literature and followed the approach 

pioneered by Klaassen et al. (1989) to analyse them. 

Methods 

Fieldwork 

Malgas Island (33°03'S, 17°55'E), circular and flat, is situated in Saldanha Bay on the 

West Coast of South Africa. The flrst reported breeding of Cape Gannets on Malgas 

Island was in 1648. Now most of the central areas of Mal gas Island are occupied by 

nesting Cape Gannets, with other nesting seabirds mostly conflned to the periphery of the 

island. Malgas Island was one of the guano scraping islands but due to large mortalities 

of chicks as a result of the scraping, this activity was ceased in 1995, when Langebaan 

Lagoon and islands in Saldanha Bay were proclaimed a national park. During the months 

of September to December 2002, gannet nests at Malgas Island were selected for studies 

on breeding success related to age, as well as chick growth in relation to mass. 

Once hatched, monitored chicks were weighed approximately every second week (a 

range of 11 - 21 days between weighs, with the longer periods being towards the end of 

the breeding season when chicks were not always present at the nests). Mass was 

measured by gently placing the chick inside a bag, and both chick and bag weighed using 

precision spring balances (pesola 100 g, 200 g, 300 g and 500 g and Salter 1 kg and 5 g). 

The measurement precision was 1 g up to 100 g, 2 g between 100 g and 300 g, 5 g 

between 300 g and 2 kg, and 25 g above 2 kg. The bags used were soft material bags, in 
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a variety of sizes and weights, turned inside out so the seams did not injure the birds. 

Draw-string sewn into the top of the bags was used to hang the bag from the scale. 

Naked chicks and small downy chicks were lifted from the nest without removing the 

brooding adult, to reduce stress and disturbance. For nests at the edge of the colony, a 

wooden shield was used to lift the adult slightly off the nest. The chick was then gently 

removed from underneath the adult by hand. Once weighed and measured, the chick was 

returned to the nest in the same manner. For nests away from the edge of the colony, 

chicks were lifted out of the nest using a flat ladle-like spoon fitted to the end of a pole. 

The adult's chest and body was first lifted up using a pole with a crook, and the spoon 

was then inserted underneath the chick and then lifted out of the nest. Once weighed and 

measured the chick was returned to the nest in the same manner. Once the chicks were 

larger, they were often left alone at the nest and were caught with the aid of the crook 

pole. At times the chicks, especially the larger ones, tended to regurgitate once in the 

bag, and the regurgitated mass was included in the mass measurements. 

Chicks at study nests were banded with metal and coloured (yellow and green) plastic 

bands at about five weeks of age, when body mass was about half that at fledging (Jarvis 

1974), so that their development to fledging could be followed. The plastic rings were 

used to distinguish the monitored chicks from chicks ringed at the island in a separate 

study, as well as to monitor their movements, if any, to other areas of the island not in the 

vicinity of their nests. On the southern and south western side of the island, chicks were 

banded with yellow plastic rings, and on the north and north western sides, chicks were 

banded with green plastic rings. Chicks on the eastern side of the island were banded 

with both yellow and green plastic rings. To ensure the plastic ring did not open once on 

the bird's leg, a small amount of super glue was applied to the ring to keep it closed. This 

prevented the ring from opening and slipping down over the foot of the bird, which may 

cause deformation or even loss of the foot (BM Dyer pers. comm.). 

Once the study chicks were almost completely feathered and had started to move away 

from the nest, a strip on their backs was marked pink with Rhodamine B, so that they 
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remained clearly visible among other feathered chicks moving around the colony. In 

total 74 chicks were banded. 

Nests were monitored on a daily basis in alternate weeks from 18 September 2002, soon 

after commencement of the breeding season, until 15 April 2003, when breeding was 

complete at all the study nests. Monitoring was continued at nests that failed in order to 

record and monitor any replacement laying. 

After chicks had been banded, twice-monthly checks were carried out in the nesting areas 

and around the edge of the island for dead birds. A juvenile that left a study nest and 

moved to the outskirts of the colony was assumed to have fledged successfully in the 

absence of its carcass being found. 

Statistical analysis 

We used the Gompertz model to describe the growth of the Cape Gannet chicks. This 

growth curve has been widely used to model gannet growth (e.g. Navarro 1991; Bunce et 

al. 2005). We assume that the primary goal is to estimate the growth coefficient k, and 

that we have good estimates of both the hatchling mass H (g), and the asymptotic mass A 

(g). We used the parameterization M=A exp(-b exp(-kt» for the Gompertz curve, where 

A, b and k coefficients, t is age in days, and M is the mass (g) at age t. The asymptote A is 

known, and we will show below that b can be estimated from H, so that k is the only 

parameter that needs to be estimated. 

The growth curve can be written as MIA = exp(-b exp(-kt». Take natural logarithms 

twice, obtaining 10g(-log(MlA» = log(b) - kt = B - kt. Suppose that mass (or some other 

measurement) has value Ml on calendar date tI. and M2 and on date t2. Then, log(-

10g(M/A» = B - kti and log(-log(M2I'A» = B - kt2. Subtracting the second of these 

equations from the first yields 10g(-log(MIIA» -10g(-10g(M2I'A» = k(t2 - tl), and 

therefore an immediate estimate of k is 
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10g(-log(MdA) -log(-10g(M2IA) 

k = --------------------------------------- (1 ) 

This equation solves the problem of estimating the growth coefficient k in the situation 

where we have two observations on a chick of unknown age. Ifwe 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 concept underpinning Theil's robust regression (Theil 

1950a, b, c) and reduce the impact of any outlying observations by taking 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. 

We choose their median as a representative growth coefficient for the species. Suppose 

now that we have a value for k derived from the Gompertz model (equation (1)). We 

assumed a value for the asymptote A, but still require a value for b. This estimate can 

readily be determined by arranging the growth curve in such a way that the mass at time 

(=0 is given by the initial value Hat hatching. For the Gompertz equation, M=A exp(-b 

exp(-kt)), putting (=0 yields b=-log(HIA). This approach ensures that the growth curve 

starts at the appropriate value at time (=0. 

The advantage of using Theil's (1950a, b, c) robust regression over the least squares 

approaches and approaches based on Ricklefs' (1967) graphical method, which is based 

on a transformation to least squares linear regression, is that sensitivity to the choice of 

asymptote is substantially reduced. 

The growth rate k of each chick was used as the dependent variable in a multiple 

regression. We used four explanatory variables: the known age (years) of one of the 

adults; the distance of its nest (cm) from the edge of the colony; the outcome 

(successfully fledged or not) as a categorical variable; and the mid-date of the period over 
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which the growth rate was estimated, measured in days since 15 August 2002. We 

anticipated that growth rate k would either decrease through the breeding season or 

increase to a peak and then decrease; we therefore included the mid-date variable in 

several ways: linear, quadratic, and as a categorical variable with four levels, the 

cutpoints being determined by the median and quartiles. One-sided tests were used where 

the alternative hypothesis made this appropriate. 

To undertake the study of growth for species within the Pelecaniformes, as defined by 

Del Hoyo et al. (1992), Gompertz growth rates were coUated from the literature, using 

mainly Starck and Ricklefs (1998b) as a source of39, and returning to their original 

papers to provide information on the latitude and longitude of each study site. If the 

published growth rates were logistic, they were converted to Gompertz growth rates, 

using the relationship between the growth parameters of these curves: kL = 0.68 lea 
(Ricklefs 1973). In addition, Gompertz growth rates were estimated for an additional five 

species of southern African cormorants, using data sources which had been overlooked 

by Starck and Ricklefs (l998b). These papers reported average masses of chicks of 

various ages. These growth parameters were estimated using the FITCURVE directive of 

GenStat (payne 2005), using the method ofleast squares, the same procedure as had been 

used by Starck and Ricklefs (1998b) to estimate growth parameters from similar 

published datasets. Multiple linear regression of logarithmically transformed variables 

was used to model growth rates in relation to asymptotic mass and latitude (and also 

latitude north and south considered separately). 

Results 

Growth oJCape Gannet chicks 

In total, 125 nests with at least one known-aged adult were selected and monitored at 

various parts of the colony and at various distances into the colony ranging from 0 - 385 

cm. Of these, 96 were selected during the incubation period, 28 were selected during the 

brooding period, and in one instance a nest was marked prior to egg-laying when two 
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birds were observed mating. Except for the solitary nest where birds were observed 

mating, each nest had a single egg or chick. 

The known age of the adults at study nests ranged between five and 22 years. The mean 

distance into the colony of the nest for the 84 chicks was 127 cm. Nine of the study 

chicks were in nests which were on the edge of the colony and the overall range of 

distance was from 0 cm to 385 cm. 

At monitored nests, the earliest egg was estimated to have been laid on 15 August 2002 

and the last on 1 November 2002, a period of78 days. The peak egg-lay period was the 

week 22-28 September, during which 24.8 % of eggs in monitored nests were laid. The 

earliest mid-date of the measured growth period was day 99 (22 November 2002); the 

latest mid-date was day 230 (2 April 2003). The mean was date 171 (2 February 2003). 

Of the 125 study nests, no egg was laid in one. At 28 nests, the egg was lost, probably 

due to predation by Kelp Gulls Lams dominicanus. At 11 of these, eggs were relayed, of 

which five were lost. There were 102 hatchlings, of which 54 fledged. Growth rates were 

obtained for 84 of the chicks for which at least two mass measurements were obtained, 

ranging from a minimum of two to a maximum of eight, where most averaged between 

five and seven mass measurements for each chick .. For the remaining 18 chicks, only one 

mass measurement was obtained because the chick died within 10 days. Growth rates 

were obtained for all 54 chicks that fledged and 30 chicks that failed to fledge. 

In the multiple regression, two explanatory variables were significant: mid-date (days 

since 15 August 2002) of the measured growth period and successful fledging. Successful 

chicks grew significantly faster than unsuccessful chicks. The best fitting model was 

k = 0.04967 - 0.0000879 '" mid-date + 0.00436 (if successful) 

The standard errors of the mid-date coefficient were 0.0000509 ('p=0.044) and 0.00242 

(.P=0.038), respectively. The age of parents was not significant (P=0.43) in influencing 
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the growth rate of chicks nor was distance from the edge of the (P=0.14). At the median 

value for mid-date, the estimated growth rate coefficient (k) for a successful gannet chick 

was 0.0390 compared to an estimated growth rate of 0.0346 for unsuccessful chicks (Fig. 

1). For successful chicks, the estimated growth rate coefficients at the lower quartile, 

median, and upper quartiles values for mid-date were 0.0453, 0.0390 and 0.338, 

respectively (Fig. 2). 

Growth rates in the Pelecaniformes 

Our data set for the Gompertz growth rates ofPelecaniformes contained 44 values for 24 

species (Table 1). As with the smaller sample analysed by Starck and Ricklefs (1998a), 

we found a positive but not statistically significant relationship between growth rate and 

mass, or strictly, the logarithm of growth rate and the logarithm of mass (r = 0.086, P = 

0.66, Fig. 3). There was a significant positive relationship between growth rate and 

latitude (log Ka = -3.093 + 0.01241 (latitude) (SE of slope coefficient = 0.00325, t4{)= 

3.82, P < 0.001), a relationship which explained 24.9 % of the variance. We investigated 

the possibility that there were different slope coefficients in the northern and southern 

hemispheres, but found no significant difference. This absence of contrast suggests that 

growth rates increase symmetrically from the equator towards the poles (Fig. 4). 

Modelling growth rate with family as a categorical variable accounted for 74.1 % of the 

variance; the growth rates of the Phaetontidae (tropicbirds) and Pelecanidae (pelicans) 

were not distinguishable, and the most parsimonious model, accounting for 74.2 % of the 

variance, had four parameters (Table 2). Based on the Akaike Information Criterion, this 

four parameter model was better than the five parameter model with five categorical 

variables. Adding latitude and mass, and interactions between these variables and family 

did not improve the model further. This outcome means, that we were unable to detect a 

significant relationship between growth rate and mass within any of the families, and that 

there was also no relationship between growth rate and latitude within any family. 

55 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 3: Factors influencing the growth of Cape Gannets 

Discussion 

Cape Gannet chicks fledge (leave the nest area) at 90 - 105 days (mean 97 days; Jarvis 

1970) and then usually spend a few days (up to six) on the edge of the colony before 

leaving the island, where they undertake extensive wing flapping in preparation for flight 

and lose weight at an average rate of around 50 g per day (Jarvis 1974). In the Cape 

Gannet, the most dangerous phase of the life history is presumed to be soon after birds 

fledge (leave the nesting area). These birds must learn to fly, fish, and avoid predators, 

apparently without aid from adults. At Malgas Island, large numbers are killed by Cape 

Fur Seals soon after fledging (David et al. 2003). It is probable that the body mass of 

chicks when they fledge has some relationship to their chances of post-fledging survival. 

This is supported by the observation that Cape Gannet fledglings with low mass have a 

greater than average mortality in the post-fledging period (Jarvis 1974). 

Since only single egg clutches (rarely two egg clutches; Nelson 2002) are laid in these 

strongly philopatric species, long-term survival depends on successfully raising the chick 

to fledgling and beyond, rather than adjusting numbers of chicks fledged from a larger 

clutch (Norman and Menkhorst 1995). Here the relative improvement in long-term 

survival is important, and is perhaps maximised in gannets by marginal increases in (age­

related) efficiency needed to increase chick mass, rather than the more substantial effort 

needed to produce larger clutches of smaller chicks. Fledgling mass is thought to 

influence post-fledging survival in Cape Gannets. Chicks weighing < 2.25 kg at fledging 

were less active than heaver chicks or died (Jarvis 1974). In artificially-twinned broods 

of Cape Gannets at Lambert's Bay in 1966/68, the heavier twin had a growth rate similar 

to that of a single chick but the lighter twin was considerably under weight (Jarvis 1974). 

However, at Malgas Island during 1986/88 growth rates and fledging mass of artificially­

twinned chicks did not differ from those of singleton broods (Navarro 1991). 

In Port Phillip Bay, Australia, 14 (41 %) recoveries of Australasian Gannets banded as 

fledglings occurred within six months of banding, four within 17 - 24 months, two within 

26 months, six within 34 - 39 months after banding and the remainder later. It was 
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inferred that mortality is highest immediately after fledging, that young are absent from 

the area for at least one breeding period, and that they return to colonies two or three 

years after fledgling (Gibbs et al. 1999). The high post-fledging mortality supports the 

concept that condition at fledging is an important determinant of post-fledging survival. 

It has been found that Australasian Gannet chicks with experienced parents have a faster 

growth rate than those with inexperienced parents (Gibbs et al. 1999). In Port Phillip Bay 

for the 1994/95 breeding season, chicks of younger adults had a lower mass and their 

mass increased at a lower rate than average for the first 40 days post-hatching, suggesting 

that their parents were less efficient providers of food than older, more experienced birds 

in this period. There was also a tendency for older birds to arrive earlier in the breeding 

period than younger birds. However, the oldest birds were not those with the heaviest 

chicks (Gibbs et al. 1999). Similarly, for Short-tailed Shearwaters Puffinus tenuirostris 

adults with the most experience had a lower breeding success than those of intermediate 

age Wooller et al. (1990). In the present study, although parental age did not influence 

the growth rate of Cape Gannet chicks, chicks that hatched earlier in the season grew 

faster than those raised later. In addition, chicks which fledged successfully had a faster 

growth rate than those which failed to fledge. 

In another study of Australasian Gannets breeding in Port Phillips Bay during 1998/99, 

Bunce et al. (2005) found that age-specific differences in breeding performance and chick 

growth were only evident in the absence of a major prey species. This suggests that 

younger or less experienced breeders are not as efficient at rearing young, or that older 

birds may invest more energy into reproduction when food is limited. Younger parents 

'may be less efficient at capturing prey. Conversely, older parents are presumably better 

able to adjust foraging effort to maintain constant levels of parental care and hence to 

buffer the effect of reduced food supply from reproductive or chick growth parameters 

(Orians 1969; Wunderle 1991). 

Fledgling success in the Australasian Gannet is apparently related to site and season, 

being highly variable and often related to human disturbance (Wingham 1984). To an 
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extent, weather conditions (e.g. wind speed) influence chick growth in Port Phillip Bay, 

perhaps affecting foraging efficiency by altering distribution, visibility or availability of 

prey. Ratcliffe et al. (1998) suggest that age-specific variations in the timing of breeding 

are related to differences in breeding experience between younger and experienced 

parents, whereas changes in breeding success or perronnance are the result of differences 

in foraging efficiency. 

For the order Pelecanifonnes as a whole, it appeared that birds breeding farther away 

from the tropics, in cooler climates had a more rapid growth rate (Fig. 4); this pattern has 

been observed within several other orders and families, for example, the Laridae and 

Sternidae (e.g. Klaassen et al. (1989), Drent and Klaassen (1989». Near the equator the 

availability of food and the time available to forage in a day are considered to be less 

dependent on season than at higher latitudes, providing opportunity to extend the 

breeding period. Our larger sample confinned the same unexpected positive (but not 

statistically significant) relationship between growth rate and adult body mass in the 

Pelecanifonnes which was found by Ricklefs and Starck (1998a) (Fig. 3). In addition, we 

were unable to find a significant relationship between growth rate and mass within any of 

the five families of the Pelecanifonnes for which we had data. The most parsimonious 

model we found had a growth rate parameter per family, with a common growth rate for 

the tropicbirds and pelicans, two families for which the ranges of adult body masses do 

not overlap. The connorants are the family with the most rapid growth rate, but their 

distributions occur mostly at high latitutes; in contrast, the frigatebirds have the slowest 

growth rate and are distributed mostly in the tropics (Chapter 1, Table 2, Fig. 4). 

Therefore, the relationship between growth rate and latitude for the order Pelecanifonnes 

appears to largely an artefact due to the fact that the species of connorants for which 

growth rates were available are absent from the tropics and the frigatebirds are present 

there. The unusual pattern of growth rates within the order Pelicanifonnes is a topic 

worthy of further investigation. 
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Table 1: Gompertz growth rates of24 species ofPelecaniformes. 

Body Man K Locality lilt Long Reference 

Phaetontidae (Troplcblrds) 
Ascension Stonehouse 1962 (in 

Red billed tropicbird Phaeton aethereus 800.0 0.06 Island 7.57 S 14.22 W Ricklefs 1968; 1973) 
f" Cousin 

Island, 
White-tailed tropicbird Phaeton lepturos 392.2 0.074 Seychelles 4.20 S 55.40 E Phillips 1987 

Ascension S~onehouse 1962 (in 
White-tailed tropicbird Phaeton lepturos 400.0 0.065 Island 7.57 S 14.22 W Ricklefs 1968; 1973) 

Kure Atoll, 
Red-tailed tropicbird Phaeton robicauda 800.0 0.062 Hawaii 28.25 N 178.10 W Fleet 1974 

Schreiber, 
Christmas unpublished data (in 

Red-tailed tropicbird Phaeton robicauda 900.0 0.065 Island 1.52 N 157.20 W Ricklefs 1973) 

Pelocanidae (Pelicans) 
Tarpon Key, 

Brown Pelican Pe/ecanus accidenta/is 3500.0 0.081 Florida 28.09 N 82.45 W Schreiber 1976 
Schreiber, 

Tampa Bay. unpublished data (in 
Brown Pelican Pe/ecanus occidentalis 4000.0 0.071 Fla 27.45 N 82.35 W Ricklefs 1973) 

Rwenzori 
National 
Park, Din and Eltringham 

Pink-backed Pelican Pe/ecanus rofescens 5875.0 0.077 Uganda 0.07 N 30.05 E 1974 

Sulidae (Gannets and Boobies) 
Baccalieu 
Island, New Montevecchi et al. 

North Atlantic Gannet Moros bassana 3700.0 0.070 Foundland 48.07 N 52.47 W 1984 
No Locality 

North Atlantic Gannet Moros bassana 3800.0 0.073 or position Ricklefs et al. 1984 
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Table 1: Cont. Nelson 1964 (in 
Ricklefs 1968, 1973); 

North Atlantic Gannet Moros bassana 4080.0 0.063 England 52.30 N 1.30 W Ricklefs 1984 
Baccalieu 
Island, New Montevecchi et al. 

North Atlantic Gannet Moros bassana 3236.4 0.073 Foundland 48.07 N 30.05 E 1984 
Christmas 
Island, Indian 

Abbotts Booby Papasula abbotti 1840.0 0.035 Ocean 10.25 S 105.42 E Nelson 1971 , 
Ascension Dorward 1962 (in 

Masked Booby Su/a daely/atro 1700.0 0.065 Island 7.57 S 14.22 W Ricklefs 1968, 1973) 
Kepler, unpublished 
data (in Ricklefs 

Nazca Booby Suia gront; 2270.0 0.046 Kure Island 28.25 N 178.25 W 1973) 
Christmas 
Island. Indian 

Brown Booby Sula leucogaster 1242.1 0.073 Ocean 10.25 S 105.42 E Nelson 1971 
Ascension Dorward 1962 (in 

Brown Booby Sula ieucogaster 1400.0 0.06 Island 7.57 S 14.22 W Ricklefs 1968, 1973) 
Fleet, unpublished 
data (in Ricklefs 

Brown Booby Sula leucogaster 1500.0 0.094 Kure Island 28.25 N 178.25 W 1973) 
Motu 
Karamarama, 

Australasian Gannet Moros serrator 3101.0 0.055 New Zealand 36.33 S 175.05 E Wingham 1984 
Gulf of Palmer 1962 (in 

Red-footed Booby Sula sula 800.0 0.056 California 28.00 N 112.00 W Ricklefs 1968. 1973) 
Galapagos Nelson 1969 (in 

Red-footed Booby Sula sula 900.0 0.039 Island 0.30 S 90.30 W Ricklefs 1973) 
Schreiber, 

Christmas unpublished data (in 
Red-footed Booby Suia sula 950.0 0.035 Island 1.52 N 157.20 W Ricklefs 1973) 

Staverees and 
MalgaS Underhill unpublished 

Cape Gannet Moros eapensis 3300.0 0.039 Island 33.03 S 17.55 E data for M.Sc Thesis 
Malgas 

Cape Gannet Moros eapensis 3313.0 0.0555 Island 33.03 S 17.55 E Navarro 1991 

66 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 3: Factors influencing the growth of Cape Gannets 

Table 1: Cont. 
Malgas 

Cape Gannet Moros capensis 3378.0 0.05 Island 33.03 S 17.55 E Jarvis 1971 

Phalacrocoracidae (Cormorants) 
English Snow 1960 (in 

European Shag Phalacrocorax aristotelis 1600.0 0.120 Channel 50.20 N 1.00 W Ricklefs 1968, 1973) 
Pearson 1968 (in 

European Shag Phalacrocorax aristotelis 1650.0 0.129 England 52.30 N 1.30 W Ricklefs 1973) 
Bleiksloy, 
North 

European Shag Phalacrooorax ansotelis 1724.2 0.100 Norway 69.17 N 15.53 E Barrett 1989 
Palmer 1962 (in 

Double-crested Cormorant Phalacrocorax auritus 1900.0 0.133 Maine 45.15 N 69.15 W Ricklefs 1968, 1973) 
No locality 

Double-crested Cormorant Phalacrocorax auritus 1900.0 0.141 or position Dunn 1975 
South Dakota 
State DelaRonde and 

Double-crested Cormorant Phalacrocorax auritus (f) 1613.0 0.078 University 44.15 N 100.00 W Greichus 1972 
South Dakota 
State DeLaRonde and 

Double-crested Cormorant Phalacrooorax auritus (m) 1761.0 0.068 University 44.15 N 100.00 W Greichus 1972 
Belopolskii 1957 (in 

White-breasted Cormorant Phalacrocorax carbo 2500.0 0.078 Barents Sea 74.00 N 36.00 E Recklefs 1973) 
Cedara 
Agricultural Olver and Kuyper 

White-breasted Cormorant Phalacrooorax carbo 2232.6 0.1287 College Dam 29.32 S 30.17 E 1976 
Cedara 
Agricultural 

Reed Cormorant Phalacrooorax africanus 490.5 0.1434 College Dam 29.32 S 30.17 E Olver 1984 
Dassen 
Island & 
Marcus Williams and Cooper 

Crowned Cormorant Phalacn1COrax ooronatus 816.3 0.09821 Island 33.14 S 17.33 E 1983 
Lamberts 

Bank Cormorant Phalacrocorax neg/ectus 1788.0 0.1087 Bay 32.09 S 18.31 E Cooper J unpublished 
Cape Cormorant Phalacrocorax capensis 1461.9 0.082272 Namibia 22.37 S 14.30 E Berry 1976 
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Table 1: Cont. 

Fregatldae (Frigateblrds) 
Stonehouse and 

Ascension Stonehouse 1963 (in 
Ascension Frigatebird Fregata aquila 1250.0 0.027 Island 7.57 S 14.22 W Ricklefs 1966, 1973) 
lesser Frigatebird Fregata ariel 654.0 0.027 Aldabra Atoll 9.24 S 46.20 E Diamond 1975 
Magnificent frigatebird Fregata magnificens (f) 1455.0 0.029 Barbuda 17.35 N 61.45 W Diamond 1973 
Magnificent frigatebird Frr3fIata magnificens (m) 1267.0 0.026 Barbuda 17.35 N 61.45 W Diamond 1973 

Schreiber, 
Christmas unpublished data (in 

Great Frigatebird Fregata minor 1300.0 0.035 Island 1.52 N 157.20 W Ricklefs 1973) 
Great Frigatebird Fregata minor 1447.0 0.0342 Aldabra Atoll 9.24 S 46.20 E Diamond 1975 (b) 
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Table 2: Parameters of the most parsimonious model for growth rates of the 

Pelecaniformes. The regression model is 10glO(k)= effect for each Family (or group of 

Families). The estimated values of k in arithmetic space are given in the final column. 

Family Parameter estimate Standard t38 P k 
error 

Phaethontidae -1.1610 0.0359 -32.34 <0.001 0.0690 
'. 

(Tropicbirds) and 
Pelecanidae 
{Pelicans) 
Phalacrocoraridae +0.17271 0.0464 3.73 <0.001 0.1027 
(Cormorants) 
Frigarebirds -0.3639 1 0.0548 -6.64 <0.001 0.0299 
Sulidae (Gannets -0.1015 1 0.0440 -2.31 0.027 0.0546 
and boobies) 

1 These parameter estimates are offsets in relation to the estimate for the tropicbirds and 

pelicans, used as the baseline. These offset effects are significantly different from the 

baseline, and from each other (P<0.05). 
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Figure 1: Estimated Gompertz growth rates for successful and unsuccessful Cape 

Gannet chicks. 
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Figure 2: Estimated Gompertz growth rates for successful chicks with 

different mid-dates. 
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Data set for the analysis of breeding success of Cape 
Gannets Morlls capen.'1is at Msigas Island, 2002/03 
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Appendix 1 
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Appendix 2 

Data set for Cape Gannet Morus capensis chick growth 
at Malgas Island, 2002/03 
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Appendix 2 

Data set for the 84 chicks ror which gro'W1h rates were obtained 
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'" 

" 62.00 0.031 , , , 
" 87.00 0,0293 '" 

, m 
;0 92.00 0.0317 , , '" 
" 40,00 0.0296 , , 

'" 
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"' 40.00 0,0285 " 
, , 

"' MOO 0,024 , , 
" 00 ,,00 0.0355 " , '" 

" 63,00 0.0179 " , 
" " 28,00 0,0267 , , 
" '" 80.00 0.0318 " 

, n, 
" 28.00 0.0289 " 

, 
'" " 92,00 003 " 

, ,eo 
n 92.00 0,026 " , m 

" 9200 0.0329 " , 
'" n 17,00 0,0434 " 

, 
'" CO 2B.OO 0,0321 , , , 

0' 12.00 0.0503 " , 00 

"' 75.00 0.0414 0 , 0, 

"' 12.00 0.031 , , 
" "' 29.00 0.02 " 

, 
" 00 92,00 00346 " 

, 0 

" 11.00 00475 , , 
" 

" 28.00 0,0366 , , , 
" 80.00 0.0268 " 

, , 
" BO.oo 0.0387 0 , 

"' " 63,00 0.0295 0 , 00 

00 92.00 0.0309 " 
, ,eo 

00 75.00 0.0~02 " , 
" '00 92,00 0.0309 " , , 

'" 75,00 00369 " 
, 0; 

'" 101.00 0.0292 " , , 
'" BOoo '''"' 0 , '" 
'''"' 75,00 0.0244 " 

, '" '" 80,00 00173 " 
, 

'"" H" 84.00 0.0294 0 , n, 
'"" 27.00 0.0383 0 , 

"' '" 63.00 0.0277 0 , 
'" '" 6300 0.0429 " 

, m 

'" 1100 0,0117 " 
, 

" '" 84.00 0,0171 " 
, ,eo 

m 84.00 0.0478 0 , 
'" "" 63,00 0.0374 0 , 
'" 

'" 63,00 0.0286 " 
, '" '" 2700 0.0398 0 , 

'" '" 63,00 00389 , , 
'"" no 63.00 0.0398 0 , '" 

'" 63,00 0.0334 , , 
" no 11.00 '0.0010 " 

, 
'" 




