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The Penguin’s Lament 
 

Tormented for aye be the pitiless breast 
That drove me afar from my home! 

A desolate bird o’er the broad billow’s crest, 
In search of a country to roam. 

 
Fiends, ever torture the cold ruthless heart 

That robbed my warm nest of its young! 
And made a poor heart-broken penguin depart 
From the land whence his forefathers sprung. 

 
May conscience’s thorns on his death-bed be strewn, 

His friends in adversity flee, 
Was Martin’s act made for the jack-ass alone! 

Extend not its mercies to me? 
 

Then in Albion! no longer the land of the just, 
The penguin’s lament shall be heard, 

And those miserly wretches lie low in the dust, 
Who spared not a poor ocean bird. 

 
      Anonymous, ca. 1845 
      From: Ex-Member of the Committee (1845) 

(inspired by accounts of the guano rush at 
Ichaboe Island 1843–1846) 
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Abstract 
 

Author: Jessica Kemper 

Title:  Heading towards extinction? Demography of the African Penguin in 

Namibia 

Date:   June 2006 

 
Demographic parameter estimates for the regional population of African Penguins 

Spheniscus demersus in Namibia have been lacking, preventing the reliable 

estimation of population trends or an understanding of the causal factors behind 

trends. The overall aim of this study was to provide estimates for a range of 

demographic parameters for African Penguins in Namibia and to assess the 

accuracy of various monitoring techniques used to obtain them. Most data were 

collected at the four main penguin breeding localities in Namibia, which support 96% 

of the penguin population in the region. Data included time series of two-weekly 

counts of moulting penguins in juvenile and adult plumage, monthly counts of active 

nests, as well as monitored breeding attempts and re-sightings of banded 

individuals. 

 

African Penguins in Namibia bred throughout the year with a primary breeding peak 

in the austral summer. Breeding synchrony was found to be poor at a locality where 

colonies had become fragmented following a large decline in penguin numbers; 

annual peak counts of nests provided a poor estimate of the breeding population 

there. The degree of breeding synchrony needs to be ascertained for each locality. 

 

Breeding success averaged 0.61 fledged chicks per breeding attempt. Nests 

initiated in October were more likely to be successful than at any other time of the 

year. Other key explanatory variables of breeding success included vulnerability to 

flooding, nest position within a colony and nest type. Artificial burrows improved 

breeding success, mainly during the small chick stage. 

 

Moult seasonality of juvenile African Penguins was monomodal and varied little 

between localities and years. Moult counts in early January should yield accurate 

estimates of juvenile penguins at rarely visited Namibian localities. The time of the 

year during which a penguin fledged dictated its age at moult into adult plumage and 
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determined the moult season and the timing of moult within the season. Age at moult 

was constrained by minimum age, moult seasonality and plumage wear. This 

information allowed the assigning of juvenile recruits to specific age groups. 

 

Moult seasonality of African Penguins in adult plumage was bimodal, with peaks in 

mid-summer and autumn. This pattern was linked to breeding seasonality; younger 

birds generally moulted earlier than older birds. The average proportion of potential 

breeders in the Namibian population estimated from moult phenology was 0.45 and 

was likely to be an underestimate; that estimated from an age structure was 0.62.  

 

Annual survival of adult birds between 1997 and 2004, calculated from moult counts, 

averaged 0.83; survival estimates from mark-recapture techniques averaged 0.77. 

Possible factors causing this discrepancy include a low proportion of breeding birds. 

First year survival averaged 0.71. First year survival and recruitment were positively 

correlated with upwelling intensity. 

 

Despite relatively high breeding success, first year and post first year survival, and a 

large proportion of potential breeders, the Namibian penguin population decreased 

at 2.3– 2.5% per year between 1990 and 2004. This is probably due to a high 

proportion of potential breeders deferring breeding. The extent and cause of this 

bears investigation. At this rate the population will halve by 2035 and is likely to go 

extinct before the end of the 21st century.  
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Layout and contributions 
 

This thesis consists of eight main chapters, each written as a paper for submission 

to a journal. Tables and figures follow the text for each chapter; references for all 

chapters are combined at the end of the thesis. 

 

I collected all field data at Halifax Island since December 1999 and have contributed 

to field data collection at most other penguin breeding localities in Namibia. I 

collated, computerised and validated monitoring data for African Penguins collected 

by staff of the Ministry of Fisheries and Marine Resources, Namibia. Without their 

fieldwork this review of the status of the species in Namibia would not have been 

possible; their vital roles will be acknowledged in co-authorships of the forthcoming 

series of papers, as outlined below. I was responsible for the analysis and writing of 

each chapter. I discussed some of the fundamental ideas with my supervisors, Jean-

Paul Roux and Les Underhill. They advised on methods of data analysis, assisted 

with the wording of some methods sections and commented on chapter drafts. Peter 

Bartlett, Yves Chesselet, Imke Cordes, Jan-Antonie (Tony) Delport, Joan James, 

Rian Jones, Kathie Peard, Neville-Nash Uhongora, Silvia Wepener and Philip 

Whittington contributed data and Res Altwegg assisted with aspects of the survival 

analysis.  

 

Chapter Two: Kemper, J., Underhill, L.G. & Roux, J-P. in prep. Breeding synchrony 

of African Penguins Spheniscus demersus at Halifax Island, Namibia. 

 

Chapter Three: Kemper, J., Underhill, L.G., Roux, J-P., Bartlett, P.A., Chesselet, 

Y.J., James J.A.C., Jones, R., Uhongora, N-N. & Wepener, S. in prep. Breeding 

patterns and factors influencing breeding success of African Penguins Spheniscus 

demersus in Namibia. 

 

Chapter Four: Kemper, J., Underhill, L.G. & Roux, J-P. in prep. Artificial burrows for 

African Penguins Spheniscus demersus at Halifax Island, Namibia: do they improve 

breeding success? 

 

Chapter Five: Kemper, J., Roux, J-P. & Underhill, L.G. in prep. Moult phenology of 

juvenile African Penguins Spheniscus demersus in Namibia. 
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Introduction 
 

Introduction 
 

This chapter provides the overall background to this thesis. It describes the genus 

Spheniscus, then provides some general detail about the study species of the thesis, 

the African Penguin Spheniscus demersus, both throughout its range and 

particularly within the study area. The environment of the study area is introduced, 

especially the northern Benguela upwelling system and the adjacent coastal region, 

with a particular focus on the offshore islands. The political history of the study area 

plays a key backdrop to this study, and this is outlined briefly. Historical, current and 

potential future threats to the population of Africans Penguin in Namibia are listed 

and the species’ conservation status in the region is reviewed. Previous research on 

the species is summarised, and the general layout and aims of this study are 

described. 

 

African Penguins in relation to other spheniscids 
 
African Penguins, formerly also referred to as Jackass, Cape or Black-footed 

Penguins, are the only penguin species breeding along the coast of Africa (Tables 

1.1 and 1.2, Figure 1.1). The three other members of the genus Spheniscus occur 

along the coasts of South America. Galapagos Penguins S. mendiculus are endemic 

to the Galapagos Islands, where they mainly breed on Fernandina and Isabela 

Islands (Vargas et al. 2005). Humboldt Penguins S. humboldti breed in Peru and 

Chile and Magellanic Penguins S. magellanicus in Chile, Argentina and the Falkland 

Islands (Wilson et al. 1995). Their ranges overlap (Wilson et al. 1995). Of the four 

species, only Magellanic Penguins are truly seasonal breeders (Boersma et al. 

1990, Yorio et al. 2001) and migrate away from their breeding localities during the 

non-breeding season (Boersma et al. 1990). African and Humboldt Penguins tend to 

remain near or at breeding localities when not breeding but may also travel long 

distances (Culik & Luna-Jorquera 1997, Whittington et al. 2005a). Galapagos 

Penguins disperse when not breeding but are more restricted in movement than the 

other species (Boersma 1977). All four species prefer nesting in burrows (Boswall & 

MacIver 1975, Frost et al. 1976b, Boersma 1977, Paredes & Zavalaga 2001) which 
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they scrape into the ground using their beaks and clawed feet (Boswall & MacIver 

1975, Eggleton & Siegfried 1979). 
 

In addition to species-specific markings in adult plumage, all four Spheniscus 

species have similarities in the plumage pattern of juvenile and adult birds (Williams 

1995). African Penguins in adult plumage are patterned black above and white 

below, with a characteristic white head stripe and black breast band. Juvenile 

African Penguins (between fledging and their first post-fledging moult one to two 

years later) are grey to brown above, fading into white underparts. During this first 

(juvenile) moult after fledging they acquire their adult plumage and become 

indistinguishable from sexually mature adults. However, these young birds do not 

reach sexual maturity until they are three years or older (Crawford et al. 1999, 

Whittington et al. 2005c). 

 

The distribution of the African Penguin 
 
Non-breeding African Penguins are occasionally found in northern Namibia and 

southern Angola (Brooke 1981, Shelton et al. 1984, Crawford & Whittington 1997), 

and along KwaZulu Natal on the east coast of southern Africa (Wilkinson et al. 

1999). Vagrants have been reported from as far north as Gabon (Malbrant & 

Maclatchy 1958) in the west and Mozambique (Shelton et al. 1984) in the east. Their 

breeding distribution extends from Hollamsbird Island adjacent to central Namibia to 

Bird Island, Algoa Bay, on the south-eastern coast of South Africa. The breeding 

range can be broadly divided into three regions: the Namibian region in the north-

west, the Western Cape region at the south-western tip of Africa and the Eastern 

Cape region on the south-east coast of South Africa (Whittington 2002, Whittington 

et al. 2005a) (Figure 1.1). 

 

Historically, African Penguins probably bred at 14 islands and two mainland sites 

along the Namibian coast (Table 1.1, Appendices 1.1–1.11). As penguin numbers 

declined throughout their range, particularly during the 20th century (Crawford et al. 

1995a, b), some breeding localities in Namibia were abandoned (Shelton et al. 1984, 

Crawford et al. 1995a, Table 1.1). One extinct locality, Neglectus Islet, was re-

colonized in about 2001 (Roux et al. 2003).  
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African Penguins currently regularly breed at eight islands (Crawford et al. 1995b, 

Kemper et al. 2001, Roux et al. 2003) and two mainland cave sites in Namibia 

(Bartlett et al. 2003, Simmons & Kemper 2003) (Table 1.1, Figure 1.1, Plates 1a and 

1b). Hollamsbird Island has not been surveyed for penguins since 1988 (Williams & 

Dyer 1990) and its present status as a penguin breeding locality is uncertain. 

Whether Long Island once supported breeding penguins is unclear; Shaughnessy 

(1984) only makes mention of it as a “penguin island”. Penguins disappeared there 

before 1926. Breeding has ceased at three more islands in Namibia (Seal, Penguin 

and Albatross Islands) (Shelton et al. 1984, Crawford et al. 1995a), although one 

penguin nest containing two chicks and guarded by one adult, was found during a 

seabird census in January 2006 at Penguin Island (MFMR unpubl. data). Breeding 

at North Reef has all but ceased and the last (unsuccessful) nesting attempt was 

recorded there during April 2000. All islands are inaccessible to terrestrial predators 

such as Brown Hyaena Hyaena brunnea and Black-backed Jackal Canis 

mesomelas, which occur all along the Namibian coast (Smithers 1983). Sand bank 

formation has resulted in the temporary creation of land bridges from the mainland to 

Sinclair and Pomona Islands, although such formations are relatively rare (Green 

1950, Kinahan 1992). These land bridges are usually not shallow enough for hyenas 

or jackals to cross, although this may have happened in the past at Pomona Island 

(J-P. Roux pers. comm.). The two mainland caves at Oyster Cliffs are virtually 

inaccessible even to humans (Bartlett et al. 2003); the southern cave at Sylvia Hill 

can only be accessed by humans via a short vertical cliff during spring low tide. The 

northern cave there became accessible to jackals in the 1980s (Simmons & Kemper 

2003) and penguins no longer frequent it. Neglectus Islet may become completely 

submerged during heavy storms (T. Cooper pers. comm.). 

 

Marine environment and climate 
 
The Benguela Current upwelling system is one of the four eastern boundary current 

systems found on the planet. Large populations of seabirds occur in the Benguela 

Current upwelling system off the west coast of southern Africa, one of the most 

productive marine ecosystems in the world. Prevailing equatorward winds in the 

system are determined by the South Atlantic high pressure system. Within the 

system are a number of upwelling cells where the wind is strongest and the 

continental shelf narrowest (Shannon 1989). The largest and most intense of these, 
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and probably on the planet, is the Lüderitz upwelling cell (Shannon 1985, Bakun & 

Nelson 1991), in the vicinity of which all Namibian penguin breeding localities are 

situated. Here, the cold Benguela Current, together with cold water moved from the 

ocean depths to the surface by prevailing strong longshore southerly and south-

westerly winds, account for the cold and nutrient-rich waters in the area (Molloy 

2003, Shillington 2003).  

 

The ecological importance of upwelling lies in the supply of abiotic nutrients from 

deep water to the euphotic zone, resulting in enhanced primary productivity. The 

upwelling of high concentrations of nutrients, together with optimal light, temperature 

and oxygen conditions in the water column, promote the production of 

phytoplankton. This is grazed by zooplankton dominated by copepods and 

euphausiids, which in turn is ultimately fed on by pelagic fish stocks such as the 

commercially important Sardine Sardinops sagax and Anchovy Engraulis capensis, 

as well as non-commercial Pelagic Goby Sufflogobius bibarbatus (Molloy 2003, 

Shillington 2003).  

 

Upwelling is most intense between November and February (Roux 2003), when 

southerly wind speeds frequently exceed 100 km/hr daily. Cool coastal winds 

moderate air temperature, and even during summer daily temperatures rarely 

exceed 25ºC, while temperatures seldom drop below 10ºC (Pallett 1995). Between 

May and October, high pressure systems over the interior of southern Africa can 

create strong easterly winds during the night and in the morning, followed by wind-

still and hot (up to 40ºC) conditions in the afternoon. East wind conditions may last 

from one to several days. Annual rainfall ranges between 2 mm and 44 mm in 

Lüderitz, with an average of 17 mm (Pallett 1995).  

 

The dynamics of the northern Benguela marine ecosystem are characterised by 

substantial variability at various temporal and spatial scales (Sakko 1998, Roux 

2003). Seasonal changes in wind patterns and upwelling intensity affect primary 

productivity and thereby the distribution of the northern Benguela fish stocks (Roux 

2003). In a study of the temporal variability of the diet of the Cape Fur Seal 

Arctocephalus pusillus pusillus in Namibia, Mecenero et al. (2006) showed that inter-

year variability was larger than regular within-year seasonality. 
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Sporadic phytoplankton blooms containing harmful species pose a risk to a number 

of organisms such as fish, shellfish and seabirds (Pitcher 1998), including penguins. 

Occasional anoxic water conditions may increase fish mortality and change fish 

distribution (Hamukuaya et al. 1998). The frequent release of toxic hydrogen 

sulphide (“sulphur eruptions”) from carbon-rich ocean sediments is likely to affect the 

marine ecology of the region (Weeks et al. 2002). Benguela Niño events, 

characterized by strong temperature and salinity anomalies, a deepening of the 

thermocline, enhanced stratification and changed sea levels, impact greatly on 

oceanographic processes and biological communities, affecting the entire food web 

of the region (O’Toole & Bartholomae 1998, Roux 2003). Benguela Niños occur 

roughly every 10 years and are therefore less frequent than El Niño Southern 

Oscillation (ENSO) events in the Pacific Ocean (Roux 2003). The last Benguela 

Niño events were documented in 1984 and 1995; on both occasions the advection of 

nutrient-poor waters onto the Namibian shelf suppressed primary and secondary 

production. This led to recruitment failure of pelagic stocks (Boyer et al. 2001), large-

scale mortalities of several fish species (Roux 2003) and to substantial population 

declines in Cape Fur Seals (Arctocephalus pusillus pusillus) and a number of 

seabird species (Boyer et al. 2001, Roux 2003). 

 

A brief history of the Namibian islands 
 

Early accounts of sealers and whalers visiting penguin breeding localities reported 

islands “thickly inhabited” and “literally covered” by penguins (Morrell 1844 in 

Shelton et al. 1984, Kinahan 1990, 1992). Eden, on his visit to Ichaboe Island in 

1845, described seeing approximately 100 000 penguins, “more numerous than at 

any other part of the coast which I have seen” (Eden 1846, p. 34). Even localities 

which penguins no longer frequent today were described to support “plentiful” 

penguins (Kinahan 1990).  

 

Morrel’s 1832 description of vast quantities of guano at Ichaboe Island resulted in an 

expedition by vessels from Liverpool and Glasgow tasked with exploring potential 

guano deposits (Craig 1964, Kinahan 1992, van Sittert & Crawford 2003). Reports of 

guano deposits “30 to 40 feet high at the front after already taking six feet from the 

top” (Craig 1964, p. 32) sparked a massive guano rush in 1843, with hundreds of 

vessels rushing to Ichaboe Island to secure a portion of the “white gold”. Ichaboe 
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Island was then described as “literally alive with one mass of penguins, who were so 

tame or rather unaccustomed to man’s appearance that they would not move 

without the use of force” (Ex-Member of the Committee [of shipmasters at Ichaboe 

Island] 1845, p. 645). At the height of the rush in December 1845, about 6 000 

workers were harvesting guano there, with up to 460 vessels lying at anchor off the 

island. Just three months later, by mid-February 1846, all guano (about 200 000 

tons) had been removed from Ichaboe Island (Ex-Member of the Committee 1845) 

and attention turned to inferior guano deposits at other islands.  

 

Towards the end of the 19th century, Germany laid claim to the area around Lüderitz 

which prompted, among other legislation, the formulation of the Walfish (sic) Bay 

and St John’s River Territories Annexation Act, 1884 (Act 35 of 1884 of the Cape of 

Good Hope Parliament). The objective of this piece of legislation, enacted by the 

British Government at the Cape Colony, was to prevent Walvis Bay, the only safe 

harbour along the Namib Desert coast, as well as the islands (which still yielded 

some profitable guano deposits and seals), from being annexed by Germany during 

the “scramble for Africa” in the 19th century. The government of the Cape Colony 

had already taken over authority of the islands and their guano accumulations in the 

1870s, and the exploitation of guano stocks remained under government control until 

the early 1980s. During this period, buildings for seasonal labourers and permanent 

island headmen, tasked with guarding the guano, were erected at all islands. 

Diamond prospecting was carried out at some of the islands during 1910, particularly 

at Possession and Halifax Islands. Some diamonds were found at Possession Island 

but mining was not economically viable there at the time (Wagner 1971). From the 

early 1950s, personnel began to be removed from the islands when guano 

production dropped (Shaughnessy 1984). 

 

Under the authority of the Cape Provincial Administration, South Africa, all offshore 

islands were declared nature reserves in 1987 and were placed under the control of 

the then Department of Nature Conservation of the Cape Province. Namibia 

achieved independence in 1990. The Annexation Act of 1884 was repealed by South 

Africa in 1994 and the “Walvis Bay Enclave”, including all offshore islands, was 

transferred from South Africa to Namibia by the Transfer of Walvis Bay to Namibia 

Act, 1993 (Act 203 of 1993 of the South African Parliament). Since 1994, the 

Ministry of Fisheries and Marine Resources (MFMR) has been responsible for the 
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management of the islands; the two mainland caves are situated within the Namib 

Naukluft National Park and fall under the authority of the Ministry of Environment 

and Tourism (MET). Guano is still harvested commercially in Namibia, but most of 

this is now cormorant guano harvested at artificial platforms built for this purpose. 

However, the areas occupied by Cape Gannets Morus capensis at Ichaboe Island 

are still scraped occasionally, most recently in 2005.  

 

Historical threats to African Penguins in Namibia 
 
Historical exploitation and disturbance 

 

Early evidence of African Penguins being exploited by humans in Namibia stems 

from penguin bones found near Lüderitz in shell middens dated to 2 000 years 

before present, as well as from descriptions and drawings of Nama people wearing 

karosses made of penguin skins (Avery 1985). Because the offshore islands would 

have been inaccessible to the Nama, these skins were most likely from penguins 

either washed up dead or found in a weak state on the mainland. The first 

Europeans to explore the Namibian coast and the offshore islands were Portuguese 

seafarers in the late 15th century, and they did not settle there (Kolberg 1992, Pallett 

1995). They probably supplemented their food supplies with penguin eggs and meat 

as did American and English whalers and sealers hunting along the coast from the 

1820s and later guano collectors (Ex-Member of the Committee 1845, Eden 1846, 

Best & Shaughnessy 1979, Shelton et al. 1984, Kinahan 1990, Kolberg 1992). 

Penguins were also rumoured to be used to bait traps for Rock Lobsters Jasus 

lalandii (A.J. Williams pers. comm.). Penguins are no longer exploited in Namibia 

and reports of penguins used as bait are increasingly rare.  

 

Apart from the disturbance created by large-scale guano exploitation and by sealers 

using islands such as Possession Island as a base (Crawford & Shelton 1981), the 

removal of guano radically and probably irreversibly altered the breeding habitat of 

penguins in Namibia. The majority of penguins today nest on the surface rather than 

in burrows scraped into the guano. At Ichaboe Island a sea wall was built all around 

the island to keep penguins, which produce commercially low-quality guano, away 

from the gannet breeding areas sometime during the 19th century (Anonymous 

1885) and was probably reinforced during the 1940s (A.J. Williams pers. comm.). 
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Ramps at landing beaches were added soon thereafter to allow penguins access to 

the interior of the island. 

 

Displacement by seals 

 

Cape Fur Seals displaced seabirds at Hollamsbird Island from the early 20th century 

(Shaughnessy 1984). At Sinclair Island, a wall was built around the penguin colony 

in 1940 to protect the penguins from increasing numbers of seals (Rand 1963, 

Shaughnessy 1984). By 1978 the island was covered with seals, even inside the 

penguin enclosure (Shaughnessy 1984). Two small penguin colonies persist inside 

the crumbling wall, completely surrounded by seals. At Mercury Island, seals 

displaced large numbers of nesting seabirds, including penguins (Crawford et al. 

1989). A seal-chasing programme was implemented there between 1989 and 1993 

and the seabirds returned subsequently (Crawford et al. 1994). Seals started 

breeding in large numbers at North Reef in the late 1990s, and few penguins now 

frequent the reef. 

 

Current and future threats to African Penguins in Namibia 
 

Food 

 

Large-scale commercial fishing started in Namibia in 1947, when 1 000 tons of 

Sardine, a preferred prey species of African Penguins, were first caught (Hampton 

2003). This industry grew rapidly and by 1953 catches, by more than 100 purse 

seiners, had risen to 262 000 tons. Sardine stocks declined dramatically in the late 

1960s and early 1970s, particularly during 1968, when 1.4 million tons were landed 

(Boyer & Hampton 2001). Most declines were directly attributable to overfishing, 

although some large-scale periodic environmental perturbations in the ecosystem 

contributed to stock fluctuations. Sardine biomass in Namibia dwindled to a few 

thousand tons in 1995/96 following the 1995 Benguela Niño. Since then stocks have 

increased slightly (Boyer & Hampton 2001). The distribution of the remaining 

Sardine stocks contracted to the north of Mercury Island (Crawford 1998b). After the 

collapse of Sardine, the fishing industry turned to Anchovy, another preferred 

penguin prey, but this fishery also collapsed when stocks became severely depleted 

and after 1996, catches were negligible (Boyer & Hampton 2001). Penguin diet in 
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Namibia was dominated by Sardine in the 1950s (Matthews 1961), but it is now 

dominated by non-commercial Pelagic Goby north of Lüderitz, while penguins south 

of Lüderitz mainly feed on cephalopods (Burger & Cooper 1984, Crawford et al. 

1985, 1991, Crawford 1998b) and possibly occasionally on Anchovy spawned on the 

Agulhas Bank, just off South Africa’s Western Cape (Cruickshank et al. 1990, 

Hampton 2003). In addition to commercial fisheries, African Penguins also compete 

with other seabirds and seals for food (Crawford et al. 1985). 

 

Breeding habitat and climate 

 

The eggs and small chicks of surface-nesting penguins are vulnerable to predation 

by Kelp Gulls Larus dominicanus. In addition, nest contents of surface nesters, 

particularly large downy chicks, are vulnerable to extreme heat, and mass 

abandonment of nests and mortalities owing to heat stress have been recorded at 

most islands (see Chapter Four). Nests are flooded and chicks are drowned during 

the occasional severe rain storms (Crawford et al. 1986) and nests close to shore 

are destroyed by rough seas during spring high tides (R. Jones pers. comm.); 

intense east wind conditions sometimes lead to mass abandonment of breeding 

colonies (Chapter Four). At some localities, penguins nest under bushes and in 

buildings; these offer some shelter from high temperatures (Chapter Four). 

Mosquitoes do no occur at any of the breeding localities, and avian malaria does not 

seem to pose a threat in Namibia, as it does in less arid regions (Grim et al. 2003, 

pers. obs). Global climate change is likely to increase sea surface temperatures, 

alter upwelling intensity, and change the frequency and intensity of Benguela Niño 

events (Roux 2003, Simmons et al. 2004). This could affect prey distribution and 

abundance and create adverse conditions for breeding. In addition, global climate 

change may increase the sea level (Roux 2003), and with that cause permanent 

flooding of the caves and some of the small, flat islands. 

 

Human disturbance 

 

Present human disturbance at breeding localities stems mainly from research 

undertaken at staffed or regularly visited localities. Research includes regular 

monitoring (counts of nests and moulting birds), checking of nest contents of 

monitored nests, weighing and banding of fledglings, collecting diet samples, and 
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deploying transmitters for foraging ecology studies. Island staff are trained in 

research methodology and disturbance is kept to a minimum. At non-staffed 

localities, illegal trespassing by tourists or fishermen occurs occasionally, sometimes 

leading to nest abandonment (Chapter Four). 

 

Pollution 

 

Oiling 

African Penguins, being flightless, are particularly vulnerable to marine pollution, 

especially oiling (Williams 1993). Although no major oil spill has yet taken place 

along Namibia’s coast, persistent chronic oiling occurs regularly, probably from ships 

discharging waste oil and sunken boats leaking oil.  

 

Mining and aquaculture 

Dredge-mining and pocket beach diamond mining in the vicinity of Sinclair, 

Plumpudding and Pomona Islands, where large amounts of sediments are removed 

from the sea bottom and dumped back in the sea after processing, could potentially 

result in the formation of land bridges to the mainland. While these may not be 

permanent, even short-term access could allow land predators to cause large-scale 

mortalities and disturbance of penguins on these islands. Large-scale sediment 

disturbance around breeding localities could also affect local prey availability. The 

aquaculture industry is increasingly being promoted as an alternative to fishing in a 

system which is still suffering from the consequences of over-fishing. However, 

aquaculture requires sheltered bays, which are scarce along the Namibian coast and 

several proposals have now suggested aquaculture in the lee of a number of 

penguin breeding islands. Depending on the type of organism farmed and the 

farming methods (e.g. supplements released into the water, island-based staff), this 

could severely disturb penguin breeding and feeding areas, as well as underwater 

“highways” to landing beaches around the islands, and could increase the frequency 

of penguin entanglement. 

 

Predation by seals 

 

Predation by seals occurs at a number of islands, particularly at Ichaboe and 

Mercury Islands. The culprits are usually male sub-adult individuals specialising in 
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seabird predation (du Toit 2002, du Toit et al. 2004a). Compared to the scale of seal 

predation at some localities in South Africa (A. Makhado pers. comm.), this still 

constitutes a relatively minor threat in Namibia, although incidents of predation have 

increased during the last few years at Ichaboe Island as more yearling seals have 

settled at adjacent Little Ichaboe Rock (P.A. Bartlett pers. comm.). Seal predation 

seems to be a localised phenomenon and probably does not occur away from the 

breeding localities (Mecenero et al. 2005). Problem individuals are dealt with through 

selective removal. 

 

Conservation status 
 
African Penguins are “Specially Protected Birds” in Namibia under the Namibian 

Draft Parks and Wildlife Management Bill 2004, which is currently under review. The 

species was listed globally as Vulnerable at the Conservation Assessment and 

Management Plan (CAMP) meeting following the Third International Penguin 

Conference in Cape Town, 1996 (Crawford 1998a). This was ratified using the latest 

IUCN criteria (IUCN 2001) during the CAMP workshop for southern African coastal 

seabirds in Cape Town, 2002 (du Toit et al. 2003). Owing to its current rate of 

decline in Namibia, the regional Namibian population is listed as Endangered 

(Kemper in press). Four of the Namibian breeding localities (Mercury, Ichaboe, 

Halifax and Possession Islands) have global Important Bird Area (IBA) status 

(Simmons et al. 1998). 

 

Although all offshore islands were declared provincial nature reserves under the 

administration of the Department of Nature Conservation, Cape Province, South 

Africa, in 1987, this status lapsed when the islands were transferred to Namibia in 

1994. The two mainland caves are thus the only Namibian breeding localities with 

legal protection status. Island access is controlled by the Marine Resources Act of 

2001 and three of the islands (Mercury, Ichaboe and Possession) are permanently 

staffed by research personnel from the Ministry of Fisheries and Marine Resources, 

thus limiting potential human disturbance from illegal landings. Plans to identify and 

declare a network of Marine Protected Areas (MPA) along the Namibian coast are 

currently under discussion (B.L. Dundee pers. comm.). 
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Overview of this study 
 

Review of relevant previous studies 

 
Extensive research has been done on African Penguin biology, demography and 

conservation ecology at a number of localities in South Africa. This includes a range 

of studies on dietary composition and feeding ecology (e.g. Rand 1960, Burger & 

Cooper 1984, Crawford et al. 1985, 1991, Wilson 1985, Crawford 1998b), aspects of 

breeding biology (e.g. Frost et al. 1976b, Cooper 1980, Randall 1983, Williams & 

Cooper 1984, La Cock & Hänel 1987, La Cock et al. 1987, Seddon & van Heezik 

1991a, Whittington et al. 2005c), population estimates and dynamics (e.g. Shelton et 

al. 1984, Randall et al. 1986b, La Cock & Cooper 1988, Crawford et al. 1990, 1995b, 

1999), conservation biology (e.g. Frost et al. 1976a, Shannon & Crawford 1999, 

Underhill et al. 1999, Wolfaardt & Nel 2003), as well as estimates of survival and 

movement (e.g. Randall et al. 1987, Whittington 2002, 2003, Whittington et al. 

2005a, b). 

 

The first comprehensive counts of seabirds at all breeding localities in Namibia were 

done using aerial photography in 1956 by Rand (1963). Since then, aspects of 

penguin population trends, biology and diet have been investigated in Namibia (e.g. 

Rand 1960, Matthews 1961, Crawford et al. 1985, 1991, Cordes et al. 1999, Kemper 

et al. 2001). Further research focused on undertaking and interpreting annual 

population censuses (see Appendices 1.1–1.11 and references therein). Penguins 

have been regularly monitored at a number of breeding localities in Namibia since 

the late 1980s. However, little of these data has so far been collated and analysed. 

 

Outline of this study 

 

Demographic parameter estimates for the Namibian population of African Penguins 

are lacking. This study investigates aspects of African Penguin demography in 

Namibia, using data collected at the breeding colonies: monthly nest counts, two-

weekly counts of moulting individuals, monitored nests and re-sightings of flipper-

banded individuals. The study consists of three main parts.  
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Part One examines aspects of the breeding biology of African Penguins in Namibia 

and comprises three chapters. Inter-colony and inter-annual differences in breeding 

synchrony at Halifax Island are examined in Chapter Two using a multidimensional 

scaling approach. Chapter Three details breeding seasonality patterns at the four 

main breeding localities in Namibia from nest count time series. Information derived 

from monitored breeding attempts provided estimates of breeding success. 

Estimates are compared between localities, years, seasons and nest site 

characteristics using an extension of the Mayfield method that enables explanatory 

variables to be included and compared. Chapter Four focuses on the use of artificial 

burrows as a conservation management tool for improving breeding success.  

 

Part Two focuses on the moult of African Penguins in Namibia. Chapter Five uses 

counts of moulting juvenile penguins to detail the phenology of the moult season of 

juvenile penguins and how this varies between localities and years. Chapter Six 

uses information derived from banded individuals to provide the means of assigning 

juvenile recruits into the adult population to specific age groups. This is done by 

examining the factors determining the age at which juvenile penguins moult into 

adult plumage. Chapter Seven uses time series of moult counts to describes the 

moult seasonality of penguins in adult plumage at the four main breeding localities in 

Namibia. Additional data obtained from banded individuals are used to examine the 

relationship between age and the timing of moult, the influence of breeding activities 

on the timing of moult, and the duration of the moult interval.  

 

Part Three consists of two chapters. Chapter Eight provides recent population 

estimates for the four main breeding localities in Namibia using moult and nest 

counts. Population trends for these localities, which support roughly 96% of the 

Namibian penguin population, are detailed. A methodological framework for 

interpreting moult counts for the study of survival and the construction of an age 

structure is developed. The age structure allows an independent estimate of the 

breeding population. Chapter Nine uses mark-recapture techniques to calculate 

annual survival rates from records of banded and subsequently re-sighted 

individuals. Estimates of survival rates derived from moult counts and through the 

mark-recapture approach are compared. 
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Chapter Ten provides an overall synthesis of the findings. Census methods are 

reviewed and conservation management recommendations are listed.  

 

Appendices 1.1–1.11 provide a summary of surveys done at all African Penguin 

breeding localities in Namibia.  



 
Table 1.1: Summary description of the African Penguin breeding localities in Namibia, including characteristics relating to some of 
the main threats to the species. 
 

Breeding 
locality 

Locality 
type Position Size 

(ha) 

Distance 
from 

mainland
(km) 

Vegetation 
(Lycium 

decumbens 
bushes) 

Permanently 
staffed 

Kelp Gulls 
breeding at 

locality (pairs at 
peak breeding)*** 

Seals 
breeding at 

or within 
1 km  

Hollamsbird* IS 24º38’S 14º32’E 1 10.7 No No Probably few At locality 
Sylvia Hill MC 25º08’S 14º50’E c. 0.1 – No No Not known Within 1km 

Oyster Cliffs MC 25º20’S 14º49’E ? – No No Not known No 
Mercury IS 25º43’S 14º50’E 3 1.0 No Since 1991 1 Within 1km 

Neglectus IST 26º08’S 14º57’E 0.2 0.1 No No Some on adjacent 
mainland 

No 

Ichaboe IS 26º17’S 14º56’E 6.5 1.3 No Since 1988 <100 Within 1km 
Seal** IS 26º36’S 15º09’E 44 1.0 Yes No >500 No 

Penguin** IS 26º37’S 15º09’E 36 0.9 Yes No >900 No 
Halifax IS 26º37’S 15º04’E 10 0.2 Yes No, but 

monitored 
regularly 

c. 350 Within 1km 

Long Island** IS 26º49’S 15º07’E 0.8 c. 1.0 No No ? At locality 
North Reef* IS 27º01’S 15º11’E 7 2.7 No No, but 

monitored 
frequently 

c. 50 At locality 

Possession IS 27º01’S 15º12’E 90 2.7 Yes Since 1996 >1 500 Within 1km 
Albatross** IS 27º05’S 15º14’E 2 3.0 No No Possibly At locality 

Pomona IS 27º11’S 15º15’E 3 0.2 No No c. 80–100 No 
Plumpudding IS 27º38’S 15º31’E 1 0.6 No No c. 60 No 

Sinclair IS 27º40’S 15º31’E 3 0.3 No No c. 10 At locality 
IS = island, MC = mainland cave, IST = islet 
*Breeding status tenuous 
**Extinct 
***MFMR unpubl. 
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Table 1.2: Positions of extant breeding localities of African Penguins in South Africa, 
referred to in subsequent chapters. Nest site estimates were taken from du Toit et al. 
(2003). Rates of population change estimates were taken from du Toit et al. (2004b). 
Population trend data for the Eastern Cape region were not available. 
 

Breeding 
locality Locality type Position 

Number of 
nest sites in 

2001 

Rate of annual 
population change 

between 1992 and 2003 
Bird (Lambert’s 
Bay) 

IS* 33º05’S 18º18’E 15   6.5% 

Malgas** IS 33º03’S 17º55’E 55   5.4% 
Marcus** IS* 33º03’S 17º58’E 114   5.0% 
Jutten** IS 33º05’S 17º57’E 1 338   0.9% 
Vondeling** IS 33º09’S 17º59’E 649  15.1% 
Dassen** IS 33º25’S 18º05’E 21 409  10.9% 
Robben IS 33º48’S 18º22’E 6 723  12.4% 
The Boulders MA 34º11’S 18º27’E 1 054  17.0% 
Seal (False Bay) IS 34º08’S 18º35’E 52**   6.0% 
Stony Point MA 34º22’S 18º54’E 111  10.4% 
Dyer  IS 34º41’S 19º25’E 2 088   9.1% 
St Croix IS 33º47’S 25º46’E 16 950  
Jahleel IS 33º48’S 25º43’E 538***  
Brenton RO 33º49’S 25º46’E 32***  
Seal (Algoa Bay) IS 33º50’S 26º17’E 345  
Stag IS 33º50’S 26º16’E 24  
Bird (Algoa Bay) IS 33º51’S 26º17’E 5 376  

IS = island, MA = mainland, RO = rock 
* joined to the mainland by a causeway 
** this group is referred to as Saldanha Bay islands by Furness & Cooper (1982) 
*** count done in 2000 
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Figure 1.1: Map of southern Africa, showing the extent of the breeding range of African 
Penguins and the division of breeding localities into the Namibian, Western Cape and 
Eastern Cape regions. 
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Breeding synchrony of African Penguins Spheniscus demersus 
at Halifax Island, Namibia 

 

Introduction 
 

African Penguins Spheniscus demersus nest in loose to dense colonies (Siegfried 

1977, Hockey & Hallinan 1981, Duffy & La Cock 1985, this chapter), but may also 

nest solitarily (Cordes et al. 1999, Chapter Three). Annual peak counts of active 

nests have been used to estimate breeding population sizes and trends of African 

Penguins and to discuss conservation implications at a number of breeding localities 

(e.g. Crawford & Boonstra 1994, Crawford et al. 1990, 1995b, 1999, Kemper et al. 

2001, Chapter Eight) This approach assumes that breeding is synchronized. If 

breeding population trends are estimated from annual peak nest counts made at the 

same time each year, the additional assumption is made that breeding synchrony 

does not change over time.  

 

In bird species living in strongly seasonal environments with sharp and predictable 

peaks in food abundance, for example in high latitudes, breeding tends to be well 

synchronized because the breeding window is short (Ashmole 1963b, Yeates 1975, 

Knudtson & Byrd 1982, de Forest & Gaston 1996). In contrast, breeding synchrony 

is likely to be forced by other mechanisms in temperate and tropical areas, where 

seasons are less well defined or where food supplies may be less predictable 

(Ashmole 1963b). African Penguins have a prolonged breeding season throughout 

their range (Randall & Randall 1981, Wilson 1985, Kemper & Roux 2005, Chapters 

Three and Six), with breeding peaks specific to breeding localities or regions 

(Randall & Randall 1981, La Cock et al. 1987, Crawford et al. 1995b, Whittington et 

al. 1996, Murison 1998).  

 

In this chapter, differences in breeding synchrony between colonies at Halifax Island 

are investigated as well as how consistent synchrony is over time. This is done 

through a multidimensional scaling approach which produces plots to graphically 

describe inter-colony and inter-annual breeding synchrony at Halifax Island. The 

validity of using annual peak counts of active nests as an index of the breeding 

population in a species with a prolonged breeding season is evaluated. 
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Methods 
 

Halifax Island is situated along the coast of southern Namibia (Figure1.1, Chapter 

One). The 10 ha island supported roughly 3 800 adult African penguins in 2004 

(Chapter Eight). Even before the 1950s, when the first aerial surveys of colony size 

were conducted by Rand (1963), numbers of penguins were decreasing at Halifax 

Island (Appendix 1.7, Plate 2) and what were once large breeding colonies became 

fragmented into smaller colonies (Berry et al. 1974, Williams 1985, Kolberg 1992, 

Chapter Four). The majority of penguins bred at four discrete surface colonies, 

defined here as discrete groups of nesting penguins, with little exchange of 

individuals with other groups. The remaining penguins at Halifax Island bred in 

abandoned buildings, artificial burrows, or scattered under bushes, boulders and on 

the surface (Chapter Four).  

 

Active nests (containing eggs or chicks) were counted monthly in 27 discrete areas 

on Halifax Island between June 1995 and May 2005. Since June 2000, nests 

containing eggs and nests containing chicks were counted separately. Access to the 

island was usually by paddle ski. Exact monthly gaps between surveys could not be 

achieved because the island was frequently inaccessible due to heavy sea 

conditions so that, for safety reasons, the surveys needed to be made when the sea 

was relatively calm.  

 

In this analysis, counts of active nests at the four largest surface colonies and in a 

building were used (Figure 2.1). Each of these supported more than 50 active nests 

at peak breeding. The surface colonies were situated on relatively flat terrain. 

Colonies 2 and 3 were separated by 17 m, and were within view of each other. Until 

about 1990, Colonies 8a and 8b formed the largest colony at Halifax Island, Colony 

8. They then split into two colonies, separated by 9 m in 2005. The edges of both 

colonies contracted during the study period. Until June 2000, active nests at Colony 

8 were counted as a single entity; thereafter they were counted separately as 

Colonies 8a and 8b. Colonies 2 and 3 were not in sight of Colonies 8a and 8b; 

Colony 2 was separated from Colony 8b by 95 m. The fifth colony nested inside and 

next to an abandoned wooden shed, referred to here as the Storeroom. The wooden 

planks making up the back wall of the Storeroom had disintegrated and penguins 
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nesting inside the Storeroom were in visual contact with those nesting next to it. The 

Storeroom colony was within sight of colonies 2 (separated by 125 m) and 8b 

(80 m). On average, over the period 1995–2005, these five colonies contributed 80% 

(SD = 11%) of the active nests on the island. The four surface colonies were high-

density colonies, with inter-nest distances of c. 1 m (Hockey & Hallinan 1981). Nest 

density inside the Storeroom was similarly high; nests next to the Storeroom were 

more widely spaced, with most inter-nest distances 1–2 m. 

 

For each of the five colonies, observed nest counts were interpolated linearly 

between actual counts to calculate daily numbers of active nests (Underhill & 

Crawford 1999). This overcomes the arithmetical problem caused by the surveys not 

being made at exactly equal intervals. For comparisons between colonies, counts 

were standardized to compensate for colony size differences by expressing the 

count on each day as a proportion of the total for the year, where a year was defined 

as starting on 1 May and ending on 30 April the following year. This breakpoint for 

the year was chosen because it was the point of the year when the fewest breeding 

activities took place (see Results). 

 

Non-metric multidimensional scaling (Kruskal 1964a, b) was used to describe 

differences in breeding synchrony between colonies and between years (see Figure 

2.2 for an illustration of the principle). A matrix of inter-colony distances between 

each of the colonies was calculated using Euclidean differences based on 

standardised daily counts. Multidimensional scaling calculates sets of coordinates 

whose inter-point distances match those of the data matrix. The distance between 

two colonies in a year would be zero if the standardised counts were the same, i.e. if 

the two colonies had identical patterns of breeding seasonality in the year. Plotted 

coordinates graphically display these conceptual distances between colonies. A 

matrix of the annual sum of the absolute differences in scaled daily totals was 

constructed and distances between colonies and years were calculated. These 

calculations were performed using GenStat (GenStat Committee 2005). 

 
Results 
 

Between 1995 and 2004, penguins at Halifax Island bred throughout the year. 

Breeding activities were lowest during the primary adult moult peak in late April to 
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early May (Figure 2.3a), but never ceased. There were usually several breeding 

peaks per year; the timing of these peaks was erratic. Timing of incubation peaks 

(i.e. peaks in the number of nests containing eggs) between 2000 and 2004 for the 

entire island were similarly inconsistent (Figure 2.3b). Nests containing eggs and 

chicks were present throughout the year. Between June 2000 and April 2005, a 

minimum of 27% of nests contained eggs at any one time, while a minimum of 11% 

of nests contained chicks. 

 

Each colony usually had more than one breeding peak per year (Figure 2.4). A 

primary incubation peak was followed by a secondary peak at most colonies and in 

most years (Figure 2.5). In contrast, each colony had one period per year when 

breeding activities dropped to low levels.  

 

The maximum number of active nests between June 1995 and May 2005 was 171 

for Colony 2 and 108 for Colony 3. At both colonies, there were two distinct 

incubation peaks per year (late July to early August), except during 2002. Breeding 

activities at these two colonies were generally lowest during June, with a total 

absence of active nests in this month in most years. The greatest number of active 

nests during the “breeding trough” period was 15 and 8 respectively, during June 

2003.  

 

At Colony 8, breeding activities continued throughout the year, with a maximum of 

257 active nests. Primary and secondary incubation peaks were well defined except 

during 2002 and 2003. Breeding activities were generally lowest during April. 

Periods of low breeding activities became less distinct with time during the 10-year 

period. In 1995 and 1996, breeding activities almost ceased during April with 6 and 8 

nests active respectively. Between 2001 and 2004, the number of active nests 

during breeding troughs ranged between 46 (April 2004) and 76 (April 2003). These 

included nests at all breeding stages, from nests containing newly incubated eggs to 

nests containing nearly fledged chicks.  

 

Between June 2000 and May 2005, maximum nest counts for Colonies 8a and 8b 

were 201 and 62 respectively. Two annual incubation peaks were evident in most 

years (except for 2002) at Colony 8a, while at Colony 8b there were no clear 

incubation peaks between May 2004 and March 2005, with one peak in April 2005. 
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At Colony 8a, breeding activities were lowest during April, except during 2000, when 

breeding was lowest in February. At Colony 8b, breeding activities were lowest 

during March. Breeding levels there never dropped below 26 active nests during 

2004.  

 

Breeding activities were erratic at the Storeroom. The highest nest count was 53. 

There were usually two well-defined incubation peaks per year, although there was 

some variability in timing between years. The timing of breeding troughs was more 

variable than at other colonies, but breeding was lowest mostly in January and 

February. 

 

A plot produced by multidimensional scaling based on counts of active nests for all 

five colonies and for the years 1995 to 2004 shows points for Colonies 2 and 3 

grouped close together to the right (Figure 2.6a). Pairs of points for Colonies 2 and 3 

for a given year were plotted close together (Figure 2.7). All points for Colony 8 were 

plotted close together in the centre of the plot, except for 1995 (Figure 2.6). Plots for 

Colonies 8a and 8b separately and combined show that for each year, all points for 

Colony 8a were close to and to the right of the points for Colony 8 (Figure 2.8), while 

points for Colony 8b were more loosely spread and apart from 2000 to the left of 

Colony 8. The points for the Storeroom were more widely scattered than any of the 

other colonies and were situated mainly towards the far left (Figure 2.6a). 

 

Points for 1995 were plotted close together for Colonies 2, 3 and 8 and were placed 

well apart from other years (Figure 2.6b). Points for 1996, 1997, 2000, 2001 and 

2004 were relatively close together for Colonies 2, 3, 8 (before 2000) and 8a (from 

2000). In contrast, points for 1999, and to a lesser extent 2002, were far apart. 

 

The distribution of points using plots of counts of nests containing eggs produced a 

similar pattern (Figure 2.9a). Points for Colonies 2 and 3 were placed close together 

towards the right of the plot. Points for Colony 8a were near the centre of the plot 

and mostly to the right of the points for Colony 8b. Points for the storeroom were 

widely scattered and mainly towards the left.  

 

Points for 2000 were grouped apart from the other years (Figure 2.9b) but relatively 

close to each other. For the other years, spacing between points was relatively 
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consistent, with points for Colonies 2 and 3 closer together than points for Colonies 

8a and 8b (Figure 2.9).  

 

Annual peak counts for the entire island ranged between 69% (for 2000) and 90% 

(for 2001) of those obtained by adding the peak annual count for each of the 27 

discrete areas. On average, the island peak active nest count for the year accounted 

for 76.3% of that of the sum of the peaks of all different areas for the same year 

(Figure 2.10).  

 
Discussion 
 

African Penguins in Namibia live in a productive but unpredictable system with 

poorly defined seasons. Halifax Island is situated near the centre of Lüderitz 

upwelling cell within the northern Benguela upwelling system, the most intense 

upwelling cell in the world (Molloy 2003, Roux 2003, Chapter One). This system is 

highly variable; seasonal changes in wind patterns and upwelling intensity as well as 

occasional environmental anomalies, such as Benguela Niños, affect primary 

productivity and ultimately food available to penguins (O’Toole & Bartholomae 1998, 

Roux 2003). African Penguins at Halifax Island breed throughout the year, with a 

primary incubation peak in winter and a secondary peak in spring, possibly resulting 

from replacement or secondary clutches (Chapter Three). Overall breeding activities 

are lowest during the period when most adult penguins moult, between mid-April and 

early May (Chapter Seven). The presence of active nests throughout the year 

indicates a lack of breeding synchrony at the locality. 

 

Within the four species in the genus Spheniscus, Magellanic Penguins S. 

magellanicus are the most seasonal breeders (Boersma et al. 1990, Yorio et al. 

2001). At Cabo Vírgenes, Argentina, the timing of egg-laying was found to not vary 

between years and egg-laying was well synchronized within years (Frere et al. 

1996). Restricted by a tight breeding schedule in a strongly seasonal environment, 

Magellanic Penguins do not raise a second clutch and only rarely lay replacement 

clutches (Boersma et al. 1990). Although Galapagos Penguins S. mendiculus have 

no distinct breeding season in a system characterized by large food fluctuations, 

egg-laying can be well-synchronized in some but not necessarily all populations 

(Boersma 1977). Humboldt Penguins S. humboldti breeding in the productive but 
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unpredictable Humboldt upwelling system, nest throughout the year, with distinct 

egg-laying peaks in April and August/September (Araya et al. 2000, Paredes et al. 

2002).  

 

Although a lack of breeding synchrony between colonies and even between 

adjacent nests was observed at a number of other African Penguin breeding 

localities (Duffy & La Cock 1985), breeding nearly ceased during the peak moult 

period at St Croix (Randall 1989), Robben (Crawford & Boonstra 1994, Crawford et 

al. 1995c), Malgas (Crawford et al. 1995b) and Marcus (La Cock et al. 1987) Islands 

and at Stony Point (Whittington et al. 1996). At Mercury and Ichaboe Islands, which 

support the largest African Penguin breeding colonies in Namibia (Chapters One 

and Eight), proportionally fewer birds breed during “breeding troughs” than at Halifax 

Island (Chapter Three), suggesting that breeding is better synchronized at these 

localities. 

 

The total absence of breeding during some periods at some colonies suggests high 

synchrony within these (Seddon et al. 1991). At St Croix Island, breeding was found 

to be more synchronized within colonies than over the entire island (Randall & 

Randall 1981). At Dassen Island, there was a bias in the proportion of breeding 

stages represented; this proportion varied between colonies (Seddon et al. 1991). 

Some colonies had an over-representation of nests containing eggs, while others 

had mainly chicks or fledglings. This pattern was also apparent at Halifax Island. In 

some years, particularly in 1995 (for all nests) and 2000 (for nests containing eggs), 

the timing of breeding differed for all five colonies investigated. In general, the timing 

of breeding between years appeared to be consistent at Colonies 2, 3 and 8a. 

Breeding activities at Colonies 2 and 3 were better synchronized with each other 

than at either colony between years. The timing of breeding in African Penguins may 

be related to availability of food resources (Randall & Randall 1981, van Heezik & 

Davis 1990, Crawford et al. 2006b). Sea surface temperatures along the coast of 

central and southern Namibia during December 1999 and January 2000, which were 

up to 5ºC higher than average (K. Peard pers. comm.) could have led to decreased 

food availability in the region and may have delayed breeding activities at all 

colonies at Halifax Island. This could explain why points for 2000 separated out in 

the plots. However, if seasonal effect alone dictates the timing of breeding, one 

would not expect differences in breeding synchrony between colonies at one 
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breeding locality. Thus, in addition to an overall seasonal signal, localized cues 

appear to dictate the timing of breeding at each colony at Halifax Island. 

 

A range of hypotheses on the mechanisms promoting breeding synchrony (other 

than a predictable seasonal food supply) have been put forward. Darling (1938, in 

Burger 1979) suggested “social facilitation” in colonial nesters, where displays of 

birds in close proximity stimulate the physiological progress of breeding activities, 

synchronizing breeding. The reduction of predation risk through “predator 

swamping”, or providing a predator with a superabundant food source, is thought to 

encourage both colony initiation and breeding synchrony (Lack 1968, Burger 1979, 

Anderson & Hodum 1993). Breeding synchrony may also reduce predation risk 

through concerted predator detection and deterrence (Ashmole 1963a, Brunton 

1999) or through the “selfish herd” effect (Hamilton 1971). The concept of the 

evolution of colony formation (and with it breeding synchrony) through “public 

information” proposes that individuals gain information from conspecifics on 

breeding success and other cues such as foraging areas, and use this information to 

choose breeding sites and to assess their own chances of breeding successfully 

(Erwin 1978, van Vessem & Draulans 1986, Brown 1988, Danchin & Wagner 1997, 

Danchin et al. 1998, Cordes et al. 1999).  

 

In addition, colony size and density, spatial structure, age composition and the 

degree of pair bonding (Burger 1979, Gochfeld 1980, Nelson 1980, Nisbet 1983, de 

Forest & Gaston 1996, Brunton 1997, Daunt et al. 2001) may weight the effect of 

any of these mechanisms on breeding synchrony for a given species, breeding 

locality or colony. For example, small, spatially distinct nesting groups of Crested 

Terns Sterna bergii were less synchronized in their laying than larger groups 

(Dunlop 1987). Burger (1979) proposed that social facilitation increased synchrony 

up to a certain colony size in Herring Gulls Larus argentatus and that the timing of 

breeding was best synchronized in intermediate-sized colonies. Further increases in 

colony size resulted in a fragmentation of synchrony, with smaller groups within a 

colony more synchronized than the colony as a whole. Seddon et al. (1991) found 

that hatching in low-density colonies of African Penguins was not well synchronized. 

Egg-laying by Magellanic Penguins situated at colony edges was initiated later than 

by those at the centre of a colony (Gochfeld 1980). Large breeding groups of 

Galapagos Penguins always bred earlier than other nearby groups, a pattern 
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ascribed to social interaction and facilitation within the group (Boersma 1977). Close 

neighbours have been found to be more synchronized in their breeding activities 

than birds breeding further apart in a number of species (Murphy & Schauer 1996, 

Mougin et al. 2001). This neighbour effect could be increased in species with high 

mate and nest site fidelity (Mougin et al. 2001). 

 

At Halifax Island, the two colonies with the most irregular pattern of breeding 

activities were also the smallest colonies with the highest edge-to-centre ratios. 

Although Colony 8b and the Storeroom had high nest densities which were similar to 

those of the other three colonies, there might be a minimum colony size threshold 

needed to maintain synchrony within a colony. Alternatively, penguins occupying 

edge nests might be more likely to fail (Coulson 1968, Tenaza 1971, but see 

Brunton 1997) and to subsequently relay, unbalancing within-colony synchrony. The 

particularly erratic breeding patterns at the Storeroom colony may be due to high 

levels of human disturbance experienced by that colony. This was caused by people 

(mainly tourists) occasionally landing illegally at Halifax Island, and who were 

particularly attracted to the Storeroom penguins (Chapter Four). This added 

disturbance is likely to have increased the incidence of nest abandonment and 

replacement laying. Incidents of tourist-related disturbance mostly took place during 

the Christmas holidays; this timing could account for the lack of breeding activities 

during January and February at the Storeroom, at a time when breeding activities at 

most other colonies were peaking.   

 

Breeding within Colony 8 became less synchronized with time, with an increasing 

number of nests still active during “breeding troughs”, and nests at several breeding 

stages present at any one time. This could be the result of Colonies 8a and 8b 

becoming less synchronized as they drifted further apart and as they settled into 

their own timing regime. Differences in age composition at the colonies could not be 

established, but the high mate fidelity (Randall 1983, pers. obs) and generally high 

colony fidelity observed in banded pairs of African Penguins (pers. obs, but see 

Chapter Four) suggests that age composition does not differ between colonies.  

Breeding in a particular colony might be more synchronous if visual displays occur, 

such as in Adélie Penguins Pygoscelis adeliae, where copulation is facilitated 

visually (Seddon et al. 1991). Even if there is no direct visual contact, acoustic 

contact could facilitate breeding, as has been reported for Little Penguins Eudyptula 
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minor (Waas 1998) and Royal Penguins Eudyptes schlegeli (Waas et al. 2000). 

Courtship and mating in the African Penguin involves a range of visual and acoustic 

displays (Eggleton & Siegfried 1979). However, at Halifax Island distance between 

colonies did not seem to influence synchrony. Colonies 2 and 3 were further 

separated than Colonies 8a and 8b were, yet were more synchronized with each 

other between years than Colonies 8a and 8b.  

 

Ultimately, breeding synchrony is thought to improve breeding success (e.g. 

Ashmole 1963a), although higher breeding success in poorly synchronized colonies 

has also been demonstrated in Least Terns (Brunton 1999). The implications of 

breeding asynchrony on breeding success at Halifax Island bear further 

investigation.  

 
Counts of active nests at peak breeding are used to estimate the breeding 

population of African Penguins at a given locality (e.g. Crawford & Boonstra 1994, 

Crawford et al. 1990, 1995b, 1999, Kemper et al. 2001). Randall et al. (1986b) found 

that using active nest counts to estimate a population of African Penguins was 

inaccurate because of the long breeding season with several peaks. They developed 

an alternate censusing method for estimating numbers of African Penguins in adult 

plumage. This method is explored further in Chapter Eight. 

 

The use of peak annual counts as a means of estimating the breeding population at 

a locality requires that breeding activities between colonies are synchronous. This is 

not the case at Halifax Island. As a result, the annual peak count can be up to a third 

lower than the sum of peak counts for each colony. Peak annual counts of active 

nests are, therefore, a poor proxy for estimating the breeding population at Halifax 

Island. The lack of synchrony might be exacerbated by the fragmented nature of the 

colonies. As numbers of penguins at Halifax Island have decreased, breeding 

colonies have fragmented into smaller sub-colonies. This was also the case at 

nearby Possession Island which supported approximately 1400 penguins in adult 

plumage in 2004 (Chapter Eight). Peak counts of active nests should therefore also 

be treated with caution there. The other two important African Penguin breeding 

localities in Namibia, Mercury and Ichaboe Islands, are less fragmented and 

therefore possibly more synchronized. Annual peak counts might be more accurate 

in estimating breeding pairs at these localities. 
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Figure 2.1: Position of African Penguin breeding colonies at Halifax Island, Namibia, 
where breeding synchrony was investigated. 
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Figure 2.2: Illustration of the principle of non-metric multi-dimensional scaling, using (a) 
the scaled number of active African Penguin nests between May 2004 and April 2005 for 
Colonies 2 and 3 and the Storeroom at Halifax Island, Namibia. Differences in the data 
matrix are plotted and interpreted like a map. Colonies 2 and 3, where differences in 
breeding phenology are small (b), would be plotted close together. Colony 2 and the 
Storeroom, where breeding phenology differences are large (c), would be plotted further 
apart. 
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Figure 2.3: Time series of number of active nests of African Penguin at Halifax Island, 
Namibia , showing (a) all active nests and (b) active nests containing eggs (solid line) 
and active nests containing chicks (dashed line) separately. Years run from 1 May to 30 
April the next year. 
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Figure 2.4: Time series of counts of all active nests at the five largest African Penguin 
breeding colonies at Halifax Island, Namibia. Colony 8 was counted as a unit until June 
2000; thereafter Colony 8a and 8b were counted separately. Years run from 1 May to 30 
April the next year.  
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Figure 2.5: Time series of counts of active nests containing eggs (solid line) and active 
nests containing chicks (dashled line) at the five largest penguin breeding colonies at 
Halifax Island, Namibia. Counts for Colony 8a and 8b were combined to give totals for 
Colony 8. Years run from 1 May to 30 April the next year. 
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Figure 2.6: Plots produced from non-metric dimensional scaling of active nest counts of 
African Penguins at Halifax Island, Namibia, to show annual differences in breeding 
synchrony between (a) colonies and (b) years. 
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Figure 2.7: Plots produced from non-metric dimensional scaling of active nest counts of 
African Penguins to show annual differences in breeding synchrony between Colony 2 
and 3 at Halifax Island, Namibia. 
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Figure 2.8: Plots produced from non-metric dimensional scaling of active nest counts of 
African Penguins highlighting differences in breeding synchrony at Halifax Island, 
Namibia, between Colony 8a and 8b and for both colonies combined (a) between 2000 
and 2004, (b) including counts for Colony 8 since 1995. 
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Figure 2.9: Plots produced from non-metric dimensional scaling of counts of African 
Penguin nests containing eggs, to show annual differences in breeding synchrony 
between (a) colonies and (b) years at Halifax Island, Namibia. 
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Figure 2.10: Relationship between the highest annual active nest count of African 
Penguins at Halifax Island for the entire island and the sum of the highest annual counts 
for each of the 27 discrete areas. 
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Breeding seasonality patterns and factors influencing breeding 
success of African Penguins Spheniscus demersus in Namibia 

 
Introduction 
 

To be successful, a penguin nest site must provide a place where adult penguins, 

their eggs and chicks are safe from predators and where they are able to cope with 

environmental factors such as distance to a food source, intense heat and potential 

flooding. Large-scale removal of guano from most of the Namibian islands has 

changed the characteristics of many seabird colonies breeding there, including those 

of African Penguins Spheniscus demersus (Frost et al. 1976a, Chapter One). As a 

result, the majority of penguins which nested in burrows scraped into the guano now 

nest on the surface, where they are exposed to predation by Kelp Gulls Larus 

dominicanus and direct solar insolation. Breeding success is probably the first 

demographic parameter impacted by food shortage (Pons & Migot 1995). African 

Penguins are primarily inshore foragers when breeding (Wilson 1985); the highly 

variable northern Benguela upwelling ecosystem dictates fluctuations in food 

abundance and distribution, which may in turn influence local breeding success 

between years and seasons. The four main penguin breeding localities in Namibia 

differ in a number of features, particularly local food availability, nesting habitat, 

predation intensity and topography. 

 

Firstly, food quality and availability are thought to be more reliable at Mercury and 

Ichaboe Islands, where penguins feed on abundant Pelagic Goby Sufflogobius 

bibarbatus, than at localities south of Lüderitz (Crawford et al. 1985, 1991). At 

Possession Island, diet is dominated by cephalopods (Crawford et al. 1985, Cordes 

et al. 1999). Their quality as a food source is considered inferior to Pelagic Goby 

(Heath & Randall 1985). However, penguins there could benefit from occasional 

shoals of Anchovy Engraulis capensis reaching the vicinity of the island from the 

south (Cruickshank et al. 1990, Hampton 2003). 

 

Secondly, the quality of available nest sites differs between islands. At Mercury and 

Ichaboe Islands, virtually all nest sites are situated on the surface and most 

penguins there breed in relatively large, dense colonies. Boulders offer partial 

protection to some nest sites at Ichaboe Island. At Halifax Island, there is a variety of 
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nest types (see Chapter Four for details), while at Possession Island, the majority of 

penguins nest solitarily or in loose, small colonies under bushes, with the remainder 

breeding in aggregations of sandy burrows or in abandoned buildings. There are few 

surface nest colonies there and isolated surface nesting is uncommon.  

 

Thirdly, Kelp Gulls are the only potential predators of penguin eggs or small chicks 

at any of these islands, particularly between October and February, when they 

breed. Gull numbers differ between islands. Mercury Island has one resident 

breeding pair and numbers of roosting gulls rarely exceeds 10. Ichaboe Island 

supports a relatively small Kelp Gull breeding population numbering fewer than 100 

pairs, although up to 900 individuals may roost there throughout the year (Ministry of 

Fisheries and Marine Resources (MFMR) unpubl. data). The breeding population of 

Kelp Gulls at Halifax Island numbers about 350 pairs (Chapter Four). At Possession 

Island, Kelp Gulls occur in large numbers, with approximately 1 500 pairs breeding 

and up to 3 000 individuals roosting there (MFMR unpubl. data).  

 

Fourthly, the islands differ in their topography. Ichaboe, Halifax and Possession 

Islands are largely flat; Mercury Island mainly consists of steep east- or west-facing 

slopes, with few level areas available to breeding penguins (see Plates 1a and 1b). 

Rainstorms in the region are rare but can be severe. Flooding of nests by rain is 

most likely at Ichaboe Island, where a wall surrounding the island prevents excess 

water from draining. At Possession Island, a low-lying colony of burrows is 

particularly prone to flooding by rainwater. At Mercury Island, and to a lesser extent 

at Halifax Island, flooding of nests close to the water’s edge is relatively common 

during springtide or rough seas.  

 

In a declining population where emigration is unlikely to be a major factor, mortality 

exceeds recruitment. Inadequate recruitment is, in turn, brought about by an 

insufficient number of breeding adults, poor breeding success, poor post-fledging 

survival or a combination of those factors. This chapter focuses on African Penguin 

breeding success in Namibia and its possible contribution to the continuing decline 

of the Namibian penguin population. Special reference is made to differences in 

breeding success between localities, seasons and years and the impact of nest site 

characteristics on breeding success. 
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Methods 
 

Counts of active nest (containing eggs or chicks) were used to describe general 

breeding seasonality patterns at each of the four localities. Counts were done 

monthly at Mercury (since 1994), Ichaboe (since 1992) and Halifax (since 1996) 

Islands  and every two weeks at Possession Island (since 1996). Nests containing 

eggs were counted separately from those containing chicks at Halifax Island since 

June 2000 and at Possession Island since July 1996.  

 

In addition, a sample of individual nests were monitored since December 1996 at 

Mercury and Ichaboe Islands, and since December 1999 and April 2000 at 

Possession and Halifax Islands. Since January 2000, a number of nest site 

characteristics were noted for each monitored nest at all localities (Table 3.1). 

Observations up to the end of May 2004 are included in this chapter. Egg-laying in 

African Penguins is rarely observed (pers. obs) and nests were chosen which 

contained eggs which appeared to have been recently laid. Nest contents were 

recorded weekly. Most chicks were weighed and banded prior to fledging. Mass at 

fledging was not always observed. Because the same procedure was used at all four 

islands, weights were compared between islands. Nests rather than individual pairs 

were monitored; the incidence of second clutches could thus not be quantified. 

 

For this chapter, the most convenient definition of the year is the period from 1 May 

to 30 April. This was chosen because breeding activities are generally least during 

these months (Chapter Four, this chapter). Breeding success was measured in 

terms of the numbers of chicks fledged per nesting attempt or the number of nests 

producing at least one fledgling.  

 

For each individually monitored nest, the date at which the nest was first monitored 

was recorded. The incubation period for a nest was taken as 40 days (Randall & 

Randall 1981, Williams & Cooper 1984). A complete nesting period defined as 124 

days. Egg-laying date was back-calculated from the estimated hatching date. The 

hatching date was estimated from the approximate age of the chick when it was first 

observed. Since nests were checked weekly, the error associated with hatching date 

was about three days. For nests which failed before hatching and for which an egg-
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laying date could therefore not be calculated, half the incubation duration (20 days) 

was subtracted from the date the nest was found.  

 

Chicks were considered to have fledged if they were fully feathered (but see 

discussion), were no longer guarded and could not be found at their or another nest 

site or in a nearby crèche. When there was doubt, nests were checked again, 

sometimes after sunset, when the chick was more likely to be back at the nest 

(Seddon & van Heezik 1993). In some cases chicks were directly observed leaving 

the island, never with their parents. 

 

To reduce the biases in estimating nest success resulting from nests not being found 

at the beginning of the nesting attempt, the approach developed by Mayfield (1961, 

1975), and extended by Underhill (submitted) was used. The extended Mayfield 

method enables explanatory variables to be incorporated into nest success 

modelling using the standard hypothesis testing and model selection approaches 

used, for example, in generalized linear models. Model fitting was undertaken using 

the RSURVIVAL procedure of GenStat (GenStat Committee 2005). The logarithm of 

the parameter λ of an exponential distribution was modelled as a linear combination 

of explanatory variables: e.g. for three explanatory variables, log λ = a + b1x1 + b2x2 

+b3x3. Seasonality of breeding was described using a Fourier analysis approach, 

developed by Zucchini & Adamson (1984) and also used by Underhill et al. (1992), 

Harrison et al. (1997) and Underhill & Parsons (submitted). For the Fourier 

modelling, days of the year were calculated from 1 May, and expressed as an angle 

(0°–360°) as described in Underhill et al. (1992); e.g. 15 June is the 46th day after 1 

May, and is represented by the angle 360×(46/365)=45.4°. The key property of this 

approach is that the results do not depend on the choice of day to split the year. First 

and second “harmonics” in the seasonality model were considered; a harmonic was 

always fitted as a pair of sine and cosine terms included in the explanatory variables. 

 

Results 
 

Breeding seasonality patterns 

 

African Penguins were recording breeding, either incubating eggs or rearing chicks, 

throughout the year at all four main breeding localities in Namibia. Peak nesting 
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activities varied between localities and between years (Figures 3.1 and 3.2). At 

Mercury Island, peak nesting was between October and January; at Ichaboe Island, 

breeding peaked between October and December. At Halifax Island, breeding 

usually peaked between July and August and in early December. Breeding was less 

seasonal at Possession Island but reached a peak between November and January. 

Breeding activities at all four islands were generally lowest during April and May. On 

average, the number of active nests at peak breeding was 6.3 times higher than 

during times of least breeding activity at Mercury Island; this ratio was lower at 

Ichaboe Island (3.4), Halifax Island (3.0) and Possession Island (2.1). 

 

For the years 2000 to 2004, the timing of the primary incubation peak at Halifax 

Island was restricted to a three week period between 25 June and 18 July; the timing 

of secondary incubation peaks varied between 9 October in 2003 and 21 December 

in 2001 (Figure 3.3). At Possession Island, the timing of incubation activities was 

variable between 1996 and 2004. In 1996 and 1997, incubation peaks were 

observed during March and February (Figure 3.3). Between 1999 and 2004, 

incubation activities peaked between 18 October (2003) and 28 November (1998). 

Between 1996 and 2000 and in 2002, secondary incubation peaks were observed 

during March; in 2001, 2003 and 2004, incubation had a secondary peak in July. At 

both islands, incubation took place throughout the year. 

 
Breeding success 

 
Between December 1996 and April 2004, a total of 2 780 nests were monitored. 

General breeding success parameters for each island are summarized in Table 3.2. 

There were no major environmental anomalies during the period spanned by this 

study. Apart from a few heat waves (see Chapter Four), infrequent rain events 

causing dozens of nests to be abandoned simultaneously, and heavy storms 

occasionally washing away nests close to the water’s edge at Mercury and Halifax 

Islands, no locality-wide mass nest abandonment was recorded. 

 

Most penguins laid two eggs and overall average clutch size was 1.84 (SD = 0.37). 

Clutch size was smallest at Ichaboe Island (1.80). The proportion of one-egg to two-

egg clutches differed between islands (Χ2
3 = 35.26, P < 0.001). At Mercury Island, 

63.2% of nests survived incubation, compared to 57.3% at Ichaboe Island, 52.0% at 
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Halifax Island and 58.6% at Possession Island. Each nest produced an average of 

0.95 (SD = 0.89) hatchlings; nests at Possession Island hatched the highest number 

of chicks per nest (1.04, 0.93) and Halifax Island the fewest (0.86, 0.90). The 

proportion of 2-egg nests surviving incubation where both chicks hatched differed 

between islands (Χ2
3 = 25.46, P < 0.001).  

 

Chick mortality decreased with age. Of the 939 chicks in the sample which died 

before fledging, 56.34% died within 20 days of hatching (Figure 3.4a). For the first 

12 days after hatching, a greater percentage of chicks died at Ichaboe and 

Possession Islands than at Mercury and Halifax Islands (Figure 3.4b). After that, the 

observed daily mortality rate was similar for Mercury, Ichaboe and Halifax Islands, 

but was lower for Possession Island. The fewest chicks survived at Ichaboe Island. 

Chicks which survived the first two 10-day intervals after hatching had an 

increasingly better chance to survive a subsequent 10-day interval (Figure 3.4c). 

 

Overall, 40.68% of nesting attempts produced at least one fledgling, with an average 

of 0.61 (0.80) fledglings per nesting attempt, or 1.49 (0.50) fledglings per successful 

nesting attempt. Two chicks were fledged in 20.0% of all nesting attempts and in 

49.1% of all successful attempts. The number of nests fledging two chicks differed 

between islands (Χ2
3 = 20.70, P < 0.001); pairs at Possession Island fledged two 

chicks nearly twice as often as at Halifax Island. Successful nests fledging two 

chicks were more common at localities south of Lüderitz (Χ2
3 = 16.72, P< 0.001).  

 

At Mercury Island, 6.5% of all monitored nests contained one or more eggs (n = 42 

nests) or a small chick (n = 2) which had rolled from a nest situated further up the 

slope. In three cases, monitored nests ended up with five eggs and in one case with 

six eggs. Egg-rolling was rare at Ichaboe Island; 14 monitored nests (1.1%) at some 

stage contained a rolled egg. In one case all three eggs in the clutch were hatched 

and raised to fledging. No cases of egg-rolling were reported from Halifax or 

Possession Islands. 

 

Fledging age and weight 

 

Chicks fledged at ages between 55 and 130 days after hatching. Average fledging 

age for 1 686 chicks was 83.3 (10.2) days (lower quartile = 77 days; median = 82 
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days; upper quartile = 89 days). Fledging age was lower at Ichaboe Island (82.1 

days) than at Mercury (84.1), Halifax (84.7) and Possession (84.2) Islands (one-way 

analysis of variance: F3,1682 = 6.67, P < 0.001). Twelve chicks fledged aged younger 

than 60 days.  

 

The average mass of 1 088 chicks when they were last weighed before fledging was 

2.73 kg (SD = 0.39 kg, median = 2.75 kg). Weights ranged from 1.50 kg to 4.10 kg. 

Average weight differed between islands (one-way analysis of variance: F3,1085 = 

3.95, P = 0.008) and was significantly lower at Halifax Island (2.63 kg) than at 

Ichaboe Island (2.76 kg) but similar to that at Mercury (2.72 kg) and Possession 

(2.74 kg) Islands.  

 

Factors affecting nest success 

 

Breeding success data, and three explanatory variables (island, year and estimated 

date of egg-laying), were available for 2 497 nests, and were analysed using the 

extended Mayfield method. The model of Table 3.3 was the preferred model, based 

both on model selection using change of deviance considerations (Dobson 2002) 

and the Akaike Information Criterion approach (Burnham & Anderson 2002). The 

estimated date of egg-laying was the key explanatory variable; the most satisfactory 

seasonal Fourier model included a first-order harmonic which was common to 

Mercury and Ichaboe Islands, first- and second-order harmonics for Halifax Island, 

and a first-order harmonic for Possession Island (Table 3.3, Figure 3.5). The change 

in deviance from a model containing only a constant to this eight-parameter model 

describing seasonality was 187 (P < 0.001). The model suggested that nests in 

which egg-laying took place around the end of October at Mercury, Ichaboe and 

Halifax Islands had the best probability of producing fledglings; this date was one 

month earlier at Possession Island. The amplitude of the harmonic was largest for 

Halifax Island and smallest for Possession Island. 

 

The modelled value of the parameter λ for an island in a calendar year on a 

particular date is computed from the regression coefficients of Table 3.3. For 

example, the modelled value of λ for Ichaboe Island for the year 2000 for a nest 

started on 31 October is given by 
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log λ = – 4.957 – 0.138 + 0.427 + 0.022 sin θ + 0.524 cos θ 

 

where θ = 181.5°, because 31 October is the 184th day after 1 May, and converted 

to an angle becomes 360×(184/365) = 181.5°. Thus log λ = – 5.1924, and λ = 

0.005559. For the exponential distribution, the probability that a breeding attempt is 

successful is given by 

 

1 – Pr(breeding attempt fails within p days)= 1 - ∫0p λ e–λxdx = e–λp, 

 

where, in this case, p = 124 days from laying to fledging, so that the probability of 

success is 0.502.  

 

Similarly, doing these calculations for each year for Ichaboe Island illustrates the 

extent of the inter-annual variation in breeding success resulting from the regression 

coefficients of Table 3.3 – 1996: 0.638, 1997: 0.574, 1998: 0.532, 1999: 0.657, 

2000: 0.502, 2001: 0.486, 2002: 0.489 and 2003: 0.553. These values represent the 

modelled probabilities of a nest started at Ichaboe Island on 31 October of each year 

being successful in raising at least one chick. Performing these calculations for this 

date for the year 2000 for each island, the magnitudes of the modelled probabilities 

of nest success between islands can be illustrated: Mercury Island: 0.453, Ichaboe 

Island: 0.502, Halifax Island: 0.501 and Possession Island: 0.509. It is clear that the 

variation between years is larger than the variation between islands. 

 

Further explanatory variables were available for 1 577 of the 2 497 nests: nest type, 

nest substrate, nesting material composition, degree of cover, slope, orientation, 

colony size, position within the colony, vulnerability to flooding and distance to the 

nearest landing beach (Table 3.1). The most parsimonious model which included the 

explanatory variables for island, year and seasonality, and which incorporated a 

subset of these 10 explanatory variables was chosen. The best model included three 

of these 10 variables (Table 3.4). The key additional explanatory variables were 

vulnerability to flooding (change of deviance 9.9 with one additional parameter) and 

nest position within the colony (change of deviance 15.7 with two additional 

parameters). The addition of nest type to the model decreased the deviance by 9.0, 

with four degrees of freedom.  
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To illustrate the impact of being vulnerable to flooding, the probability of breeding 

success of a nest started at Ichaboe Island on 31 October in 2000 was 0.502 for a 

nest not vulnerable to flooding and 0.390 for a nest that was. Similarly, the impact of 

colony position can be illustrated: modelled probabilities for nest success for a nest 

at the edge of a colony was 0.502, a nest in the centre of a colony was 0.637, and a 

solitary nest was 0.542. For different nest types, the modelled probabilities showed 

that breeding inside a building generated the largest decrease in nest success: 

boulder: 0.502, surface: 0.506, artificial: 0.521, bush: 0.544 and building: 0.365. 

 

Discussion 
 
Breeding seasonality patterns 

 
Throughout their range, African Penguins breed throughout the year (Wilson 1985), 

although seasonal peaks may vary between localities (Frost et al. 1976a, Cooper 

1980, Randall 1983, Duffy & La Cock 1985, Crawford et al. 2006b). This was the 

case at the four main African Penguin breeding localities in Namibia as well. 

Breeding activities peaked between October and December at Mercury, Ichaboe and 

Possession Islands, and during July at Halifax Island. The timing and shape of 

peaks varied between islands and between years. Peak egg-laying at Halifax Island 

was well synchronized during July between years but was more variable at 

Possession Island. Peak breeding at Dassen and Robben Islands generally takes 

place between April and August (Cooper 1980, Wilson 1985, Crawford et al. 1999, 

2006b, Wolfaardt & Nel 2003). At Malgas and Marcus Islands and at Stony Point, 

active nests peak between February and August (Whittington et al. 1996, Crawford 

et al. 2006b), and at St Croix Island peak egg-laying is during January with 

secondary peaks in March/April and June (Randall 1983). The timing of breeding of 

penguins is thought to coincide with local food availability (Randall & Randall 1981, 

Crawford et al. 2006b). The ability to breed throughout the year could therefore allow 

some plasticity for the timing of breeding in response to variable local food 

conditions. Implications of breeding seasonality patterns in Namibia for moult 

phenology of juvenile and adult African penguins and the age at moult of juvenile 

penguins are discussed in Chapters Five, Six and Seven. 
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Breeding success 

 

Breeding success averaged 0.61 fledged chicks per breeding attempt. Considering 

the large population decline at Possession Island over the last 50 years (Chapter 

Eight, Appendix 1.9), it seems surprising that the number of fledglings produced per 

nest was higher there than at any of the other three localities in Namibia. If food 

availability and quality at Possession Island is inferior to that at islands further north 

(Crawford et al. 1985, 1991, Cordes et al. 1999), then the success there could be 

due to the availability of more protected breeding habitat. Alternatively, if the 

population decline is due to the lack of local recruitment into the adult population 

(Chapter Eight), then penguins breeding at Possession Island might be older than on 

average, therefore more experienced breeders, and possibly more likely to breed 

successfully. The reverse situation may apply at Halifax Island. If the recent 

population increase at Halifax Island (Chapter Eight), where breeding success was 

particularly poor, is due to recruitment of young birds from elsewhere, the population 

there may consist of younger, less experienced and thus potentially less successful 

breeders than on average. 

 

The number of fledglings produced per breeding attempt at localities in Namibia 

compared favourably with estimates obtained from localities in South Africa (Table 

3.5), where African Penguin breeding success has been studied extensively (Frost 

et al. 1976a, Cooper 1980, Randall & Randall 1981, Randall 1983, Wilson 1985, La 

Cock et al. 1987, Seddon & van Heezik 1991a, Adams et al. 1992, Murison 1998, 

Crawford et al. 1999, 2000, 2006a, Wolfaardt & Nel 2003). Clutch size estimates 

from Namibian localities agreed with those from Robben Island (Crawford et al. 

1999) and were marginally higher than those from The Boulders (Murison 1998, 

Crawford et al. 2000) and Dassen Island (Siegfried & Crawford 1978). The incidence 

of African Penguins fledging two chicks from one clutch was high in Namibia; 

between 43.3% and 64.1% of successful attempts produced two fledglings, resulting 

in 1.43–1.64 fledglings produced per successful attempt. This figure was similar to 

that obtained at Marcus Island in the Western Cape region (57.7%, 1.58 fledglings; 

La Cock et al. 1987) but higher than that at St Croix Island in the Eastern Cape 

region (12.2%, 1.12 fledglings; Randall 1983). 
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Boersma (1977) proposed that Galapagos Penguins S. mendiculus have an 

extended breeding season and frequently replace lost clutches as a strategy to 

overcome limited and unpredictable food supplies. Similarly, Humboldt Penguins S. 

humboldti, which live in a more productive, but unpredictable environment show a 

high incidence of double brooding, i.e. laying a second clutch after a successful 

breeding attempt (Paredes et al. 2002). The strategy of having as many clutches 

and raising as many chicks as possible during favourable conditions most likely also 

apply to African Penguins in Namibia, which breed in the highly variable northern 

Benguela upwelling system. African Penguins may lay replacement clutches and are 

able to lay second clutches after chicks were fledged successfully in the same 

breeding season (Randall 1983, La Cock & Cooper 1988). At Halifax Island, for 

example, penguin S06218 moulted during March 2002 and was noted incubating 

eggs in June 2002. Two healthy chicks fledged in September 2002. The same 

penguin was seen incubating eggs again in October 2002 and two more healthy 

chicks fledged in February 2003. The bird subsequently moulted during March 2003. 

Because nests rather than individual pairs were monitored, the incidence of second 

clutches and their success were not measured for breeding localities in Namibia, 

and the number of chicks fledged per pair per year could therefore not be 

determined. At Marcus Island, the number of fledglings produced per breeding pair 

increased from an average of 0.49 to 0.63 per year when replacement and second 

clutches were taken into account (La Cock & Cooper 1988). It is vital that the 

incidence of this is ascertained for the Namibian population too. 

 

In Magellanic Penguins Spheniscus magellanicus, more than three quarters of nest 

failures were found to occur during incubation and early chick rearing (Boersma et 

al. 1990, Boersma & Stokes 1995). In this study, 57.8% of monitored nests survived 

incubation. In addition, 21.3% of all chicks died within two weeks after hatching; only 

5.8% of all chicks died at the age of 40 days or older. Common causes of breeding 

failure in African Penguins include egg infertility, human disturbance, accidental 

crushing by a parent or during a burrow collapse, starvation, heat stress, nest 

flooding, drowning, gull predation, disappearance of a mate, parents moulting while 

breeding, infestation by endoparasites and eggs or small chicks rolling out of the 

nest and not being retrieved (Siegfried 1977, Randall 1983, Duffy et al. 1984, Wilson 

1985, Crawford et al. 1986, Randall et al. 1986a, La Cock 1988, Seddon & van 

Heezik 1991a, Crawford & Dyer 1995, pers. obs). Nest contents tend to be 
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susceptible to different causes of mortality at different stages of the nesting cycle 

(Randall 1983, Seddon & van Heezik 1991a, Renner & Davis 2001). Nest contents 

in this study often disappeared between visits. In such cases it was not possible to 

ascertain whether nest contents had been predated by Kelp Gulls or whether 

abandoned eggs or dead chicks had been subsequently scavenged. Causes of 

mortality could, therefore, not be adequately quantified. However, mortality of eggs 

and small chicks appeared to be mostly due to desertion, predation, exposure or 

drowning; that of large chicks appeared to be mainly due to starvation or heat stress. 

 

Fledging age and weight 

 

The average age at fledging determined here lies between the 80 days estimated by 

Williams & Cooper (1984) and the 85 days calculated by Seddon et al. (1991), but 

was shorter than the 91 days determined by Randall (1983). Fledging age range 

here was greater than those reported by Randall (1983), Williams & Cooper (1984) 

and Seddon et al. (1991). This difference could be an effect of the frequency of nest 

checks. Chicks are, on average, fully feathered around 79 days after hatching (van 

Heezik & Seddon 1992), although some chicks attain fully waterproof plumage 

around 61 days (Seddon & van Heezik 1991b, 1993). The youngest fully feathered 

chick in this study was 55 days old. Although some chicks do fledge at such a young 

age, it is doubtful whether they are developed enough to survive at sea. In a few 

cases, chicks which were not fully feathered were observed going to sea. These 

were often emaciated and possibly abandoned chicks; high ambient temperature 

was also a factor for premature fledging (pers. obs). Breeding success, as defined 

here, is therefore likely to be an overestimate, because some chicks which had left 

the nest were probably not old or fat enough to survive the first few days at sea. 

Fledglings are not accompanied by their parents when they leave their colonies and 

go to sea (pers. obs), and therefore have to find food for themselves before their 

fledging reserves are depleted, even though they have no experience at catching 

their food. Fledging weights ranged considerably between 1.50 kg and 4.10 kg. 

Although chicks were weighed as close to fledging as possible, mass at fledging was 

not always observed; this may have contributed to the variability.  
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Factors affecting nest success 

 

Many studies have focused on spatial and temporal patterns of breeding success in 

seabirds. Penguin breeding success has been shown to differ between localities 

(Fortescue 1999, Crawford et al. 2000, Yorio et al. 2001), between years (Boersma 

et al. 1990, Dann & Cullen 1990, Frere et al. 1998, Crawford et al. 2000) and with 

the timing of breeding (Randall 1983, Wilson 1985, Chiaradia & Kerry 1999, Renner 

& Davis 2001). Success may also differ between habitats (Frost et al. 1976a, 

Murison 1998, Stokes & Boersma 1991, 1998, Paredes & Zavalaga 2001, Chapter 

Four), between nests positioned centrally or peripherally in colonies (Oelke 1975, 

Gochfeld 1980), with colony size (Oelke 1975, van Heezik et al. 1995) and with 

nesting density (Siegfried 1977, Scolaro 1990, Stokes & Boersma 2000). 

 

Egg-laying date was the most important determinant of nest success, defined as a 

nest producing at least one fledgling. At Mercury, Ichaboe and Halifax Islands, the 

probability of breeding most successfully was best for nests initiated at the end of 

October. At Possession Island the probability was highest for nests initiated about 

one month earlier. At Mercury, Ichaboe and Possession Islands, peak breeding 

activities roughly coincided with the period of maximum probability of nest success. 

However, at Halifax Island, the timing of the primary incubation peak (July) 

corresponded to the time when the modelled nest survival probability was less than 

half the maximum. Poorly-timed breeding is probably the key factor responsible for 

the poor breeding success at Halifax Island compared to the other three localities.  

 

For most of the year, cool coastal conditions moderate air temperature, and even 

during mid-summer, daily temperatures seldom exceed 25ºC (Pallett 1995). 

Between May and October, high pressure systems over the interior of southern 

Africa lead to occasional spells of strong and hot desert winds. These “east wind” 

conditions may last from one to several days and can be accompanied by 

temperatures reaching 40ºC. These conditions may cause large-scale abandonment 

of nests (Chapter Four). Nests initiated after October are thus less likely to be 

subject to east wind conditions. 

 

At all four islands, the optimum time for egg-laying roughly coincided with the 

initiation of breeding activities by Kelp Gulls. Kelp Gull predation has not been 
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quantified in this study, but most predation is of eggs, young (< 0.5 kg) and 

unhealthy chicks (pers. obs). Predation of eggs and small chicks by Kelp Gulls 

generally occurs when nests are not properly guarded by a parent. This often 

happens when Kelp Gulls create a disturbance, causing a penguin to lift off its nest 

or in extreme cases flee from the nest, leaving nest contents exposed. Disturbance 

by Kelp Gulls tends to increase as their chicks hatch and become mobile in early to 

mid-December (pers. obs) and is high until their chicks are able to fly (mid- to late 

January). Disturbance is usually caused by fighting gulls protecting their young 

through noisy aerial attacks; this can be greatly exacerbated by human presence. 

Penguin eggs laid at the end of October would hatch exactly at the time when the 

threat of predation by Kelp Gulls is greatest. Kelp Gulls occur in relatively small 

numbers at Mercury and Ichaboe Islands and the threat of gull predation at these 

localities is modest. At Halifax Island, large numbers of Kelp Gulls pose a significant 

predation threat. Breeding during July, at a time of year not considered optimal in 

other respects, but when predation risk is minimal, may therefore be beneficial at 

this particular locality. At Possession Island, optimal nest initiation is a month earlier 

and by mid-December; most penguin chicks are probably too large to be predated. 

 

The timing of egg-laying may be particularly important for strictly seasonal penguins, 

such as Magellanic Penguins (Boersma et al. 1990, Yorio et al. 2001) which do not 

produce replacement clutches or second clutches (Boersma et al. 1990). In species 

such as African Penguins, which have an extended breeding season and which can 

produce several clutches per year, there appears to still be an optimum time for egg-

laying, although the timing may not be as restricted as in a more seasonal species. 

A seemingly poorly-timed incubation peak in July at Halifax Island may decrease the 

probability of being successful during that period, but could ultimately increase the 

likelihood of maximizing an individual’s annual breeding success by increasing the 

chance of raising a second clutch later in the year. Inter-annual differences in 

breeding success probability were more pronounced than inter-island differences. 

This shows that inter-annual environmental variability acts at a regional rather than 

at a local scale.  

 

Further key variables of nesting success were vulnerability to flooding, the location 

of the nest within a colony and nest type. Although flooding occurred infrequently, 

flooded nests rarely succeeded, unless flooding took place when the chick was 
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already at the feather-shedding stage. Breeding success in centrally-located nests 

was found to be higher than in peripheral nests. Central nests tend to be less 

exposed to disturbance caused by gulls or humans, and gullls were more likely to 

steal unguarded eggs at the edge of a colony than in the centre (pers. obs). 

Breeding success was marginally higher in isolated nests than in colony edge nests. 

Penguins nesting colonially tend to be more unsettled than isolated breeders, 

constantly defending their nest sites (and their nesting material) from neighbouring 

breeders and penguins walking past their nests. Kelp Gulls appear to be more 

attracted to colonies than to isolated nests, perhaps because colonially-breeding 

penguins tend to inadvertently expose their nest contents more often than solitary 

breeders (pers. obs). Nest type was another important determinant of breeding 

success at African Penguin breeding localities in Namibia, with protected nests 

faring better than exposed nests. Chapter Four investigates differences in breeding 

success between nest types in more detail. 

 

Breeding success in long-lived seabirds has been found to increase with the age of 

partners and the length of time they have bred together (Pugesek and Diem 1983, 

Bradley et al. 1995, Daunt et al. 2001), particularly during years with poor breeding 

conditions (Murphy et al. 1992). In Adélie Penguins Pygoscelis adeliae, nest location 

was correlated with parental age, making nest location appear to influence breeding 

performance (Davis & McCaffrey 1986). The relationship between parental quality, 

age or experience and nest choice was not investigated in this study, and it is 

possible that differences in breeding success were not due to nest site 

characteristics as such, but rather to pair quality. For example, penguin A02800, 

banded in adult plumage after being oiled and rehabilitated at the Lüderitz seabird 

rehabilitation centre in September 2000, subsequently settled with a partner at a 

medium-sized colony at Halifax Island in October 2000. Initially, the pair occupied 

and defended a nest site at the edge of that colony. By November 2003, the pair had 

moved by c. 2 m to a nest site about two thirds from the centre of the colony, but all 

of the three recorded breeding attempts between 2000 and 2003 failed during the 

incubation stage. In August 2004, the pair moved nest site again by c. 1 m to about 

halfway from the centre of the colony and for the first time bred successfully. 

Whether age and experience, gradually subsiding long-term physiological effects of 

oiling (Wolfaardt in litt.) or direct benefits derived from nesting centrally (such as 
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decreased predation risk and human disturbance) led to improved breeding success, 

is unclear.  

 

In conclusion, breeding seasonality patterns of African Penguins in Namibia differed 

from patterns observed at localities in South Africa. Breeding success compares well 

with that obtained for other localities, and does not explain the rapid decline of the 

penguin population in Namibia. Breeding success varied between years and 

breeding localities and was strongly related to the timing of egg-laying within a year 

and, to a lesser extent, to the location and type of nest.  
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Table 3.1: Nest site characteristics recorded for 1 577 monitored nests at the four main 
breeding localities of African Penguins in Namibia. 
 
Category Attribute Number 

of nests 
Additional notes 

Nest type Surface 954  
 Bush 296 Lycium decumbens. 
 Boulder 71 Under boulders, in rock crevices 
 Artificial 192 Bins (see Chapter Four), tyres, rock 

shelters, planks, metal drums 
 Buildings 64 Old brick and wood sheds and 

guano collector accommodation 
    
Substrate Non-

porous 
104 Rock, concrete, metal, wood 

 Porous 380 Gravel, sand, sacking, shells 
 Guano 1093  
    
Nesting material Soft 579 Seaweed, feathers, leaves  
 Hard 366 Shells, pebbles, dry guano clusters, 

bones, twigs 
 Mixed 592  
 None 40  
    
Side cover (Top cover) 0 597 (946) No cover 
 1 315 (87) 25% cover 
 2 180 (31) 50% cover 
 3 393 (44) 75% cover 
 4 92 (469) Full cover 
    
Slope 0 871 Flat  
 1 314 1°–5° 
 2 217 6°–12° 
 3 175 > 12° 
    
Orientation  0 298 Flat, fully exposed 
 1 375 NW to NNE 
 2 543 NE to ESE 
 3 137 SE to SSW 
 4 224 SW to WNW 
    
Colony size Isolated 576 ≤ 10 nests within 100m2 

 Small 311 ≤ 50 nests 
 Medium 324 ≤ 150 nests 
 Large 366 > 150 nests 
    
Colony position Edge 884 ≤ three nests deep 
 Centre 117 > three nests deep 
    
Flooding Likely 171  
 Not likely 1406  
    
Distance to landing beach 0–500 m 1577 Continuous variable 
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Table 3.2: General breeding success parameters for African Penguins at the four main 
breeding localities in Namibia. Means (SD) are reported. 
 
Breeding success parameter Mercury Ichaboe Halifax Possession
Number of nests monitored 674 1240 571 295 

Nests monitored since Dec. 1996 Dec. 1996 Apr. 2000 Dec. 1999 

Clutch size 1.86 (0.35) 1.80 (0.40) 1.89 (0.31) 1.88 (0.32) 

Number of chicks hatched per nest 0.99 (0.85) 0.94 (0.89) 0.86 (0.90) 1.04 (0.93) 

Percentage of nests surviving incubation 63.2% 57.3% 52.0% 58.6% 
Percentage of nests producing at least 
one fledgling 48.66% 41.13% 28.90% 42.71% 

Number of fledglings per nesting attempt 0.70 (0.80) 0.61 (0.80) 0.44 (0.74) 0.71 (0.87) 

Number of fledglings per successful nest 1.43 (0.50) 1.49(0.50) 1.52 (0.50) 1.64 (0.48) 

Percentage of nests fledging two chicks 21.07% 19.76% 15.06% 27.80% 
Percentage of successful nests fledging 
two chicks 43.30% 48.04% 52.12% 64.06% 
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Table 3.3: Survival, from egg laying to fledging at least one chick, of African Penguin 
nests in Namibia, in relation to three explanatory variables: island, breeding year and 
seasonality. Results of a generalized linear model of the parameter λ of exponential 
distribution. The coefficients for the islands are in relation to Mercury Island and for 
years are in relation to 1996. Negative values for the islands or the years indicate 
smaller modelled values for the parameter λ, which translates into higher breeding 
success (see text for details).  
 

Explanatory variable Regression 
coefficient 

SD t 

Constant –4.957 0.115  
Mercury Island          0   
ΔIchaboe Island –0.138 0.070 –1.98 
ΔHalifax Island –0.134 0.087 –1.54 
ΔPossession Island –0.158 0.102 –1.54 
    
1996         0   
Δ1997  0.209 0.148   1.41 
Δ1998  0.340 0.166   2.05 
Δ1999 –0.067 0.143 –0.47 
Δ2000  0.427 0.130   3.27 
Δ2001  0.473 0.138   3.42 
Δ2002  0.463 0.136   3.41 
Δ2003  0.276 0.150   1.84 
    
Mercury and Ichaboe Islands    
   sin θ  0.022 0.049    0.46 
   cos θ  0.524 0.050 10.44 
Halifax Island    
   sin θ –0.067 0.080 –0.84 
   cos θ   0.533 0.098    5.42 
   sin 2θ –0.051 0.088 –0.58 
   cos 2θ –0.323 0.090 –3.61 
Possession Island    
   sin θ –0.201 0.116 –1.73 
   cos θ   0.308 0.128   2.40 
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Table 3.4: Survival, from egg laying to fledging at least one chick, of African Penguin 
nests in Namibia, in relation to three explanatory variables: vulnerability to flooding, nest 
position with the colony, and nest type. The explanatory variables of Table 3.3 were 
included in the model, but are not shown here. Results of a generalized linear model of 
the parameter λ of exponential distribution. The coefficients for flooding vulnerability are 
in relation to flooding being unlikely, for colony position are in relation to nests positioned 
at the edge and for nest type are in relation to nests under boulders. Negative values for 
flooding vulnerability, nest position in a colony or nest type indicate smaller modelled 
values for the parameter λ, which translates into higher breeding success (see text for 
details).  
 

Explanatory variable Regression 
coefficient 

SD t 

    
Flooding  
  not likely        0   
  likely 0.310 0.106 2.92 
    
Colony position    
  edge of colony          0   
  inside colony –0.423 0.148 –2.86 
  solitary –0.119 0.102 –1.17 
    
Nest type    
  boulder          0   
  surface –0.012 0.171 –0.07 
  artificial –0.055 0.191 –0.29 
  bush –0.124 0.183 –0.68 
  building    0.379 0.215 1.76 
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Table 3.5: Estimates of breeding success, in terms of the number of chicks fledged, for 
African Penguins at localities in South Africa. 
 

Locality Nest type Number of fledglings produced per: Reference 
  Nesting 

attempt 
Pair Pair/year  

Marcus and 
Jutten Islands 

 0.15–0.55   Adams et al. 1992 

Marcus Island    0.49–0.63 La Cock et al. 1987, La 
Cock & Cooper 1988 

Dassen Island Burrows 0.67   Frost et al. 1976a 
 Under 

rocks 
0.51   Frost et al. 1976a 

 Exposed 0.37   Frost et al. 1976a 
Dassen Island   0.58–0.62  Wolfaardt & Nel 2003 
Dassen Island  c. 0.8   Whittington et al. 2000 
Robben Island  0.4–0.6   Crawford et al. 1995c 
Robben Island    0.32–0.65 Crawford et al. 1999, 

2000 
Robben Island    0.8 Whittington et al. 2000 
Robben Island    0.46–0.73 Crawford et al. 2006a 
The Boulders   0.61  Crawford et al. 2000 
The Boulders  0.65   Whittington et al. 2000 
Stony Point  0.11–0.39   Whittington et al. 1996 
St Croix Island    0.38 Randall 1983 
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Figure 3.1: Time series of monthly counts of active nests for (a) Mercury, (b) Ichaboe 
and (c) Halifax Islands and of two-weekly counts of active nests for (d) Possession 
Island, Namibia. Years run from 1 May to 30 April the next year. 
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Figure 3.2: Standardised, average seasonal breeding patterns of African Penguins, 
derived from counts of active nests (solid line), and associated coefficients of variation 
(dashed line) at the four main breeding localities in Namibia; (a) Mercury, (b) Ichaboe, 
(c) Halifax and (d) Possession Islands. 
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Figure 3.3: Time series of counts of African Penguin nests containing eggs at (a) 
Halifax Island since June 2000 and at (b) Possession Island since July 1996. Years run 
from 1 May to 30 April.  
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Figure 3.4: Chick mortality expressed as (a) percentage of African Penguin chicks 
which died before fledging at the four main breeding localities in Namibia, (b) 
percentage of surviving chicks in relation to chick age per breeding locality, (c) 
percentage of surviving chicks which had survived the previous interval of 10 days. 
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Figure 3.5: Relationship between egg-laying date and the modelled probability of nest 
success of African Penguins at (a) Mercury and Ichaboe, (b) Halifax and (c) Possession 
Islands, Namibia. 
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Breeding in bins: do artificial burrows improve breeding 
success of African Penguins Spheniscus demersus  

at Halifax Island, Namibia? 
 

Introduction 
 

African Penguins Spheniscus demersus preferentially nest in burrows (Frost et al. 

1976b, Siegfried 1977), but following the removal of guano deposits into which they 

scraped their burrows, they have been forced to nest on the surface (Berry et al. 

1974). Exposed nest contents, particularly eggs and small chicks, are vulnerable to 

predation by Kelp Gulls Larus dominicanus (Berry et al. 1974, du Toit et al. 2003). 

Contents of exposed nests are also susceptible to heat stress (Randall 1983, 

Williams & Cooper 1984), flooding (Wilson 1985) and disturbance (Frost et al. 

1976a, du Toit et al. 2003).  

 

Halifax Island is situated c. 10 km west of the growing harbour town of Lüderitz 

(population c. 22 000 in 2006), approximately 200 m off the mainland (Chapter One). 

Ambient temperatures there are moderated by strong southerly winds and rarely 

exceed 25ºC throughout the year (Pallett 1995). Rainstorms are uncommon but can 

be severe, and flooding of nests may occur in some areas. During the austral winter, 

hot, dry east winds from the Namib desert occasionally blow, causing air 

temperatures to rise above 30ºC and sometimes leading to mass desertion of nests 

by penguins (pers. obs).  

 

After vast deposits of superior quality guano had been completely removed from 

Ichaboe Island, Namibia, by 1846 (Ex-Member of the Committee 1845), inferior 

guano deposits were exploited at other seabird islands in the region, including 

Halifax Island from around 1851 (Kinahan 1992). Buildings were later erected there 

to house an island headman charged with protecting guano stocks, as well as teams 

of labourers, their tools and bagged guano. In 1962, when guano production had 

declined and harvesting became unprofitable, the last island headman was taken off 

Halifax Island. The island continued to be scraped every three to four years (Berry et 

al. 1974, Kolberg 1992) until the early 1970s (Berry et al. 1974). 
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Halifax Island consists of a flat, sandy, central plain surrounded by rocky ridges and 

hills. Burrowing potential is minimal. Several bushes of Lycium decumbens grow 

along ridges on the island; there are scattered, isolated rocky overhangs. These 

natural features and the few abandoned, disintegrating buildings on the island offer 

some protection for nesting penguins.  

 

On 14 August 2000, 34 nests containing eggs and 53 nests containing chicks were 

lost in the space of two hours after air temperatures rose to 37ºC in the early 

afternoon during windless conditions. All lost nests were surface nests and had 

constituted 18.78% and 37.86% respectively of all active surface nests at the time. 

The event resulted in the death of 68 chicks (37.16% of all surface nesting chicks), 

mostly downy, well-fed, and at the post-guard stage. No eggs or chicks were lost in 

shaded/sheltered nests. This prompted the setting up of artificial burrows as a 

means to assess the potential benefit of providing additional sheltered nest sites. In 

this chapter, the breeding success in different nest types is investigated to establish 

whether artificial burrows would improve breeding success on Halifax Island. 

 

Methods  
 

The artificial burrows were made from plastic rubbish bins (80 cm in length with a 

53 cm diameter opening). Measurements roughly conformed to dimensions of 

artificial burrows deployed on Marcus Island, South Africa (Wilson & Wilson 1989) 

and those used at the East London Aquarium, South Africa (Maritz 1995). Bins were 

cut in half lengthwise. In two areas where penguins used to nest before the removal 

of guano made nesting in the area unattractive, some gravelly ground was 

excavated for the floor of the burrow. The floor was lined with a layer of guano taken 

from nearby Ichaboe Island, where guano still accumulates. The bin-halves were 

then placed as a roof over the guano floor at a slight upward angle and were 

covered with the excavated gravel and heavy rocks to prevent them from blowing 

away in strong wind and to provide insulation from the sun (Figure 4.1, Plate 3). 

 

All 126 breeding attempts in bins were monitored. Concurrently, a sample of nests 

on the surface (101), under bushes (35) and in buildings (30) was monitored. Nests 

were chosen if they contained eggs which seemed to have been laid recently. Nests 

were monitored at weekly intervals from early incubation stage, and breeding 
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success was compared for surface-, bin-, bush-, and building nests. To avoid any 

potential bias because exact egg-laying dates were generally not known, breeding 

success was estimated using the Underhill (submitted) extension of the Mayfield 

method (Mayfield 1961, 1975); Underhill (submitted) showed that the estimates of 

probabilities of survival calculated by the Mayfield method were dependent on the 

choice of time unit and provided an alternative approach based on the exponential 

distribution that overcomes this problem. As with the Mayfield method, only nests 

where the outcome was known, and which remained active for longer than two visits, 

were included in the analysis. Estimates of confidence intervals and rates of daily 

mortality were compared using standard asymptotic maximum likelihood theory, as 

described by Underhill (submitted). 

 

On average, eggs hatch two days apart (Williams & Cooper 1984). Incubation time 

was defined as 40 days per nest and 38 days per individual egg (Randall & Randall 

1981, Williams & Cooper 1984). Guarded chick stage was defined as 42 days per 

nest and 40 days per individual chick (Seddon & van Heezik 1993); post-guarded 

chick stage was defined as 42 days for nests and individuals, based on the mean 

chick age at fledging of 82 days in this study. Incubation times for addled eggs were 

adjusted to be a day longer than maximum incubation time to allow accurate 

calculations of daily mortality rates. 

 

Nest survival probability (i.e. the survival of any contents of the nest, where partial 

losses are ignored) and individual nest content survival were calculated for the entire 

nesting period (egg-laying to fledging), defined as lasting 124 days for nests and 120 

days for individuals. Since daily mortality rates may differ for different nesting stages 

(Randall 1983, Seddon & van Heezik 1991a), survival was also calculated 

separately for incubation, guarded chick stage and post-guarded chick stage, as well 

as for the entire chick stage. 

 
Results 
 

Over the study period (2001–2004), peak breeding numbers of African Penguins on 

the island ranged between 500 and 700 pairs of African Penguins (Chapters Two, 

Three and Eight). Of the c. 900 recently used nest sites, c. 700 were on the surface 

(Plate 3), with the remaining sites being under bushes (45), in abandoned buildings 
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(85), and under rocky overhangs, in crevices and other man-made structures (70). 

Most surface-breeding penguins (92%) nested in three distinct colonies on remnant 

guano patches with a maximum depth of about 30 cm, insufficient to construct a 

burrow. These provide a relatively soft substrate into which shallow nest bowls are 

dug. The rest of the surface-breeding birds nest in loose aggregations or solitarily on 

rocky or sandy substrate. Kelp Gulls were present on the island all year round; 

numbers increased during the austral spring and summer, when between 250 and 

350 pairs bred on the island between 2001 and 2004 (MFMR unpubl. data). 

 

Between September 2001 and August 2002, 62 bins were set up on Halifax Island. 

The first bin was occupied by a breeding pair on 7 September 2001, two days after 

being set up. After this, breeding was attempted in all but one bin; up to six breeding 

attempts were recorded for one bin until the end of April 2004 (Table 4.1). Breeding 

attempts in any given bin were usually but not always by the same pairs. Between 

five and 33 bins simultaneously contained either eggs or chicks. Up to nine surface 

nests, constructed between or against bins, were active at the same time. In January 

2003, 20 adults occupying bins, of which 15 were breeding at the time, were 

banded. Of these, one bird subsequently attempted breeding at a neighbouring 

surface colony. All but three of the banded birds were re-sighted in other bins but 

were not necessarily breeding. Each of six banded penguins nested in two different 

bins. Seven adult birds, banded before the bins were set up, attempted breeding in 

bins. Of these, three had not been recorded breeding before and three had 

previously bred on isolated surface nests in the vicinity of the bins with mixed 

success. The other penguin, a female banded as a chick in October 1991, had three 

previously recorded unsuccessful breeding attempts in three nest sites in and next to 

a building, about 50 m from the bins. One of her nest sites was a sandy burrow 

against a rock, which collapsed into the burrow and crushed her two small chicks in 

November 2000. Subsequently she bred three times in one bin between June 2002 

and August 2004 and fledged five large, healthy chicks. She was seen again in May 

2005 incubating two eggs on the edge of a surface colony 30 m away from her bin 

and 80 m from the building. The nest failed two months later and the penguin was 

not seen again.  

 

Between 1 November 2001 and 30 April 2004, 422 breeding attempts were 

monitored, of which 292 were included in the analysis (Table 4.2). These consisted 
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of 101 surface nests, 126 bin nests, 35 bush nests and 30 building nests. No heat-

related mass desertion events occurred during the study period and no bins were 

flooded. The outcome of the remaining 130 breeding attempts was either not known, 

or the nest did not remain active for more than two visits. 

 

Overall, 92.8% of nests had two-egg clutches, with the remaining 7.2% of nests 

containing one-egg clutches. The proportion of one-egg and two-egg clutches did 

not differ between nest types (χ2
3
 = 5.5, P = 0.14). Hatching success was highest for 

surface nests. Most chicks surviving the guard and post-guard stages were from bin 

nests (Table 4.2). In total, 34% of nests produced at least one fledgling, while 27% 

of eggs survived to fledging. The mean number of fledglings produced per nest was 

0.52 overall, 0.41 for surface nests, 0.71 for bin nests, 0.51 for bush nests and 0.07 

for building nests. The proportion of successful nests producing one or two fledglings 

differed significantly between nest types (χ2
3
 = 31.8, P < 0.001). Building nests were 

the least successful nest type, with only two chicks fledging from one of 30 

monitored nests.  

 

Figures 4.2 and 4.3 show survival probabilities for the various breeding stages and 

nest types. Overall, 54.5% of nests and 47.7% of eggs were expected to survive the 

incubation period. Survival probability during incubation was lowest for building nests 

and highest for surface nests, with bin nests and bush nests having similar survival 

probabilities (Figure 4.2). Individual incubation success showed a similar pattern 

between nest types. There were no significant differences in nest or individual 

incubation success between nest types. 

 

Total expected chick guard stage success was 65.3% for nests and 63.1% for 

individual chicks. Success for nests and individuals was highest in bins, followed by 

bush nests and surface nests, and was lowest in buildings (Table 4.2, Figure 4.2). 

Survival rates differed significantly between nest types for nests (χ2
3
 = 28.25, P < 

0.001) and for individuals (χ2
3
 = 52.24, P < 0.001). Expected chick post-guard stage 

success of nests (85.5%) and individual chicks (83.6%) was high overall as well as 

for all nest types except for building nests (Table 4.2, Figure 4.2). There were no 

significant differences in post-guard stage daily mortality rates of nests or individuals 

between nest types.  
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Nest success for the entire chick stage was highest in bins, 20.8% higher than in 

bush nests and 35.0% higher than in surface nests. Building nests fared worst, with 

an expected chick rearing success of 8.7%. Overall chick survival probabilities 

differed significantly between nest types for nests (χ2
3
 = 32.69, P < 0.001) and for 

individuals (χ2
3
 = 59.32, P < 0.001). 

 

In terms of overall breeding success (from egg-laying to fledging), bin nests fared 

better than bush nests by 11.5%, than surface nests by 12.3%, and than building 

nests by 31.9%. Breeding success survival probabilities differed significantly 

between nest types for nests (χ2
3
 = 22.50, P < 0.001) and for individuals (χ2

3
 = 38.18, 

P < 0.001). 

 

Discussion 

 

Plastic bin halves were selected for the artificial burrows for a number of reasons. 

They were readily available, inexpensive and easy to install. They were spacious 

enough for an adult penguin and two fully-grown chicks. They also offered protection 

from gulls and provided shade, as well as good drainage. Smooth plastic walls, as 

opposed to wooden or rough stonewalls, deterred ticks Ornithodoros capensis from 

settling on the burrow wall. Inspections of empty bins did not reveal many ticks 

inside the bins, but crevices created by rocks weighing down the bins did attract 

ticks. The bins proved hardy. They required some maintenance, because penguins 

tend to use the gravel and rocks weighing down the bins as nesting material. In 

some cases, burrows became crammed with nesting material (mainly kelp and other 

seaweed, rocks and shells), making access impossible.  

 

The percentage of successful nests (producing at least one fledged chick) per 

breeding attempt, as well as the number of chicks fledged per breeding attempt on 

Halifax Island agreed largely with estimates for African Penguin breeding localities in 

South Africa (Frost et al. 1976a, Randall 1983, La Cock & Cooper 1988, Adams et 

al. 1992, Whittington et al. 1996, Crawford et al. 1999, 2000). Although protected 

nests were more successful than exposed nests, overall breeding success and that 

of protected nests was lower than at the other three main penguin breeding localities 

in Namibia (Chapter Three). This suggests that breeding success at Halifax Island is 

under the influence of other factors such as local food availability. 
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Excluding nests in buildings, nests with cover on Halifax Island had better overall 

breeding success than exposed nests. This agrees with the findings of Frost et al. 

(1976b), Cooper (1980) and Seddon & van Heezik (1991a), who reported that 

nesting success in burrows or under rocks was higher than for surface nests on 

Dassen Island. Murison (1998) compared breeding success of different nest types 

using the Mayfield method at The Boulders. Overall expected nest success was 

higher at The Boulders (0.36) than at Halifax Island; at both localities covered nest 

types (excluding building nests) fared better than surface nests. Covered nests were 

more successful than exposed nests of Magellanic Penguins S. magellanicus at 

Punta Tombo, Argentina (Stokes & Boersma 1998). At Punta San Juan, Peru, nest 

burrows of Humboldt Penguins S. humboldti were more successful than surface 

nests in areas where burrowing substrate was guano (Paredes & Zavalaga 2001).  

 

Incubation success was similar for bins and bush nests, with surface nests more 

successful during this stage of breeding than the other three nest types. Nest site 

fidelity and colony fidelity are thought to be high in African penguins (Randall 1983). 

This implies that individuals continue using the same nest site even if nest quality is 

inferior. In that case, it is possible that the bins were colonised by young, 

inexperienced pairs. A number of studies have shown that breeding success is lower 

in young novice breeders than in older, more experienced breeding seabirds (e.g. 

Dunnet & Ollason 1978, Pugesek & Diem 1983, Bradley et al. 1990, Croxall et al. 

1992, Chiaradia & Kerry 1999, Daunt et al. 2001). Although breeding space is not 

limited at Halifax as a whole, space within the existing main surface breeding 

colonies is scarce (see Chapter 2), and high nest densities there possibly force new 

breeders to explore other areas. Lower incubation success in bins could be the 

result of young birds lacking in parental experience. However, nest site fidelity in 

African Penguins may not be as strong as previously assumed and penguins may 

readily move nest site if the opportunity arises. It is unlikely that the banded bird 

which bred at several sites and colonies as far as 80 m distant in the space of six 

years is an exception, and unless the breeding activities of marked individuals are 

recorded regularly, these shifts probably go undetected. Why this particular penguin 

eventually moved from a successful nest site to a seemingly inferior nest site is, 

however, unclear. 
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The higher success of birds breeding in bins is largely attributable to an 

exceptionally high survival probability during the chick guard stage. Birds nesting 

under some form of cover are less likely to flee during disturbance by humans or 

aerial predators and therefore expose their nest contents (Giese et al. submitted, 

pers. obs). Small chicks are not able to regulate their body temperature (Erasmus & 

Smith 1974). Even if a parent flees a protected nest during a disturbance, the chick 

will be protected from exposure to extreme temperatures at least for a short time. 

Exposed chicks in protected nests are less easily detected by gulls than surface-

nesting chicks (Stokes & Boersma 1998). Post-guard chick survival was high for all 

nest types. At this stage chicks are able to thermo-regulate and can defend 

themselves against gulls if they are reasonably healthy. 

 

At Robben Island, where wooden A-frame structures serve as artificial nests and at 

Stony Point, where cement boxes were set up, temperatures measured inside 

artificial nests were much higher than in natural burrows, warmer than in bush nests 

and similar in temperature to surface nests (J. Griffin, pers. comm.). At Dassen 

Island, surface nest air temperatures were up to 9.5ºC higher than that in burrows 

(Frost et al. 1976b). Temperature was not measured in the Halifax Island study, but 

penguins occupying bins appeared far less heat-stressed during a hot day than 

surface-nesting penguins, which would frequently stand up with their flippers 

stretched out, pant or even abandon nests. This was rarely observed in penguins 

nesting in bins. 

 

Artificial nests as a means of improving breeding success have also been used for 

other penguin species. The Yellow-eyed Penguin Megadyptes antipodes preferred 

nest boxes to open sites on grazed grassland which lacked cover (Lalas et al. 1999). 

At Punta San Juan, Peru, breeding success of Humboldt Penguins in artificial 

(covered) nests was similar to naturally covered nests, and higher than surface 

nests (Araya et al. 2000). At the Otago Peninsula, New Zealand, breeding success 

of Little Penguins Eudyptula minor was generally higher in nest boxes than in 

burrows (Perriman & Steen 2000) while at Penguin Island, Australia, breeding 

success of Little Penguins in artificial nest boxes did not differ significantly from that 

in bushes (Klomp et al. 1991). 
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Despite offering protection from temperature extremes, flooding and detection of 

nest contents by gulls, nests inside buildings performed poorly. The building nests 

monitored during this study were all inside badly lit buildings, where little or no direct 

sunlight ever reached the nests. At Halifax Island, older chicks in bins and bush 

nests usually emerged from their nests in the early mornings or late afternoons to 

spend some time basking in the sun. This was not the case with chicks in building 

nests, which spent their entire time in low light. As a result of the lack of sunlight, the 

buildings at Halifax Island were damp and often infested with fleas and ticks; 

parasite loads were similar to those in artificial nests with rough surfaces. Chicks in 

buildings generally appeared to be in poor condition ( pers. obs). The effects of poor 

light conditions are also likely to affect breeding success at the back of the penguin 

breeding caves at Sylvia Hill and Oyster Cliffs, which only benefit from some diffuse 

late afternoon sunlight. Although Halifax Island is off-limits to the public, illegal 

landings, mainly by curious tourists, occasionally take place. Buildings housing 

breeding penguins appear to be the main attraction. This disturbance may lead to 

increased nest abandonment in buildings. Alternatively, the sample size of building 

nests may have given rise to Type II errors. Klett & Johnson (1982) suggested that a 

minimum of 50 nests should be used for comparative purposes when applying the 

Mayfield method, and the wide confidence intervals associated with the survival 

probabilities for bush and building nests indicated a lack of accuracy. 

 

The dataset was not large enough to investigate the effect of nest types on different 

causes of mortality at Halifax Island. Seasonal differences in breeding success at 

different nest types, particularly during the Kelp Gull breeding season in summer and 

during hot east wind events in winter, should be investigated.  

 

The initial occupancy of bins at Halifax Island, in an area where nesting had all but 

ceased for several decades, has been promising. At Possession Island, artificial 

covered nests made of wood and rocks were immediately occupied after 

construction. However, occupancy dropped rapidly within a year, and finally the 

structures were not used at all. Closer inspection revealed heavy tick infestations (Y. 

Chesselet pers. comm.). The success of artificial burrows may therefore be design-

dependent and site-specific, and may depend on how long burrows are deployed for 

if parasite build-up is a factor. At breeding localities with characteristics similar to 

Halifax Island, these bins (provided they are maintained properly) could limit the 
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further decline of the species by increasing the availability of suitable nesting habitat 

and improving breeding success. 

 



 
Table 4.1: Number of breeding attempts by African Penguins per artificial bin between 1 
November 2001 and 30 April 2004 at Halifax Island, Namibia. 
 

No. breeding  
attempts No. bins 

0 1 
1 17 
2 10 
3 12 
4 12 
5 7 
6 3 

 
 
 
 
Table 4.2: Nest and individual breeding stage success of African Penguins in different nest 
types at Halifax Island. GS = chick guard stage. 
 

 Nest 
type n hatching 

success  surviving GS  producing 
fledglings 

   % n % n % n 
Nest All 292 58.9 172 39.4 115 33.6 98 
 Surface 101 67.3 68 36.6 37 30.7 31 
 Bin 126 57.1 72 49.2 62 42.9 54 
 Bush 35 57.1 20 37.1 13 34.3 12 
 Building 30 40.0 12 10.0 3 3.4 1 
         
Individual All 563 50.3 283 32.0 180 26.8 151 
 Surface 190 56.8 108 26.3 50 21.6 41 
 Bin 245 50.2 123 42.5 104 36.7 90 
 Bush 69 46.4 32 29.0 20 26.1 18 
 Building 59 33.9 20 10.2 6 3.4 2 
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(a)

(b)

 
Figure 4.1: Schematic representation of how artificial burrows made from halved bins were 
set up at Halifax Island, Namibia. Substrate is excavated at an angle (a) and bin is lowered 
into excavated area and is covered with rocks and excavated substrate (b). 
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Figure 4.2: Survival probability of all nest stages (a) per nest and (b) per individual and 
associated confidence intervals, for different nest types used by African Penguins at Halifax 
Island, Namibia. 
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Figure 4.3: Survival probability over entire breeding attempt (a) per nest and (b) per 
individual and associated confidence intervals, for different nest types used by African 
Penguins at Halifax Island, Namibia. 
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The phenology of the moult season of the juvenile African 
Penguin Spheniscus demersus in Namibia 

 

Introduction 
 

Juvenile African Penguins Spheniscus demersus undergo their first moult aged 

between 11 and 23 months (Randall 1989, Kemper & Roux 2005, Chapter Six). 

During this moult, they change plumage from a dull grey-brown into the adult black 

and white plumage. Unlike most other bird species, penguins replace their entire 

plumage simultaneously, over a period of approximately three weeks. They fast for 

this period, during which they are land-bound (Cooper 1978, Randall & Randall 

1981). About a month before moult, penguins feed extensively to build up fat 

reserves, gaining about 30% of their normal mass (Cooper 1978, Randall 1989). 

After moult, the penguin has lost about half of its premoult mass and returns to sea 

for about six weeks to regain its normal mass (Cooper 1978, Randall 1989). The 

feather-shedding phase of moult has been estimated to last, on average, for 12.7 

days (Randall 1983, but see Chapter Eight).  

 

Regular counts of moulting juvenile penguins have been used to estimate the total 

juvenile penguin population (Crawford et al. 1995b, 1999, Chapter Eight). This 

requires labour-intensive monitoring at regular (twice a month) intervals (Randall et 

al. 1986b, Crawford & Boonstra 1994) and may therefore not be feasible at remote 

localities which cannot be visited on a regular basis. The moult season has not been 

detailed for juvenile African Penguins in Namibia; its description would be useful in 

identifying periods during which a few counts could be extrapolated to give reliable 

estimates of numbers of juvenile penguins at these localities.  

 

The aim of this chapter is to describe the phenology of the moult cycle of the juvenile 

African Penguin in Namibia in terms of mean moult date and moult synchrony, to 

investigate inter-island and inter-annual variation, and to identify periods during 

which counts could yield reliable estimates of juvenile penguins. 
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Methods  
 

Counts of moulting juvenile African Penguins were made at approximately two-

weekly intervals until 31 August 2005 at Mercury Island (since 20 October 1991, with 

a data gap between 25 April 1993 and 11 March 1994), and at Ichaboe (since 19 

May 1992), Halifax (since 18 December 1996) and Possession (since 14 June 1996) 

Islands. Years in the text refer to a moult season starting in June and finishing in 

August of the next year. This 14-month period was chosen to ensure that an entire 

moult season was captured, and therefore taking possible inter-annual variability in 

the seasonality pattern into account.  

 

Moult counts were interpolated linearly between counts from June each year to 

August the following year to yield daily estimates of moulting juvenile penguins. 

Each moult season was scaled to the peak count to allow comparison of years and 

islands. To obtain an average seasonal pattern for each island, scaled daily 

estimates were averaged across years. Individual moult seasons were identified 

using the minimum count (usually zero) to assign counts to a particular moult 

season. Gaussian curves, scaled to a maximum of 1, were fitted to the scaled 

counts, 

 

f(x) = k exp(–(x–a)2 / 2b2) 

 

where a is the mean and represents the mean date of moult and b is the standard 

deviation, which was used here as a measure of synchrony; small values of b 

indicate that birds moulted close to the mean date and that the moult season was 

tightly synchronized. The scaling factor k was chosen so that the maximum value of 

f(x) was one. 

 

Two-way analysis of variance and Bonferoni posttests were used to determine inter-

annual and inter-island differences in mean moult dates and synchrony between 

1996 and 2004. Only significant differences are reported. 

 

For each island, mean moult dates and synchrony indices were averaged for 1996 to 

2004 to yield an overall mean moult date and synchrony index for that period. For 

comparative purposes with Robben Island (Underhill & Crawford 1999) and a 
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number of other South African breeding localities (Crawford et al. 2006b), the 

number of birds moulting per half month and per month from July to June were 

expressed as a percentage of the overall number of penguins moulting in a year. 

Methods follow Underhill & Crawford (1999).  

 

Results 
 

The time series of moult counts of juvenile penguins for each island show well 

defined moult peaks and troughs (Figure 5.1), although moult season patterns at 

Possession Island were more erratic than at the other three islands. Few juvenile 

penguins moulted at Possession Island, with a maximum count of 23 between 1996 

and 2004. Penguins at all four islands showed a monomodal, symmetrical average 

seasonal moult pattern with a peak during mid summer in December or January and 

very few or no moulting birds during winter, especially during June and July (Figure 

5.2). Actual peak count dates ranged from 29 November to 21 February (Table 5.1). 

At Mercury Island, the coefficient of variation was lowest near the peak and highest 

towards either end of the moult season. This was also the case at Ichaboe Island, 

with the coefficient of variation lower during the second half of the moult season than 

during the first half. At Halifax Island, the timing of the peak was more variable, with 

a relatively high coefficient of variation during the peak period. At Possession Island, 

the average peak was not as well defined as at Mercury and Ichaboe Islands, but 

with a lower coefficient of variation around the peak than at Halifax Island.  

 

The juvenile moult cycle seems to be adequately described by Gaussian curves, 

with correlations ranging from 0.73 to 0.99 (Table 5.2, Figures 5.3–5.6). Modelled 

mean moult dates ranged from 14 December to 27 January. Synchrony index values 

ranged from 17.9 to 61.6 days (Tables 5.2 and 5.3). In some years, distributions 

were slightly right-skewed, with the moult season taking longer to come to an end, 

and in some instances with a minor secondary peak around February or March, for 

example at Ichaboe Island in 2001 (Figure 5.4). 

 

At Mercury Island, mean moult dates for individual moult seasons ranged from 15 

December (in 1994) to 17 January (in 1995), with an overall mean moult date of 5 

January (SD = 5.86 days). Synchrony was highest in 2000 (17.9 days) and lowest in 

1997 (61.6 days). Overall synchrony was 37.0 days (13.0 days). Ichaboe Island 
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mean moult dates extended from 17 December (in 2000) to 15 January (in 1997), 

with an overall mean moult date of 5 January (10.4 days). Synchrony was highest in 

2003 (24.0 days) and lowest in 1998 (43.8 days). Average synchrony was 34.13 

days (6.5 days). Halifax Island mean moult was earliest in 1998 (14 December) and 

latest in 1996 (26 January) with an overall moult date of 3 January (13.2 days). 

Synchrony was highest at Halifax Island in 1998 (22.9 days) and lowest in 1999 

(43.4 days), and averaged 30.8 days (7.7 days). At Possession Island, mean moult 

date was earliest in 2004 (25 December) and latest in 1996 (27 January). Overall 

moult date was 13 January (10.3 days). Synchrony was highest in 2003 (27.7 days) 

and lowest in 1997 (49.7 days) with an average of 38.9 days (5.8 days).  

 

There was no significant island effect in terms of mean moult date, accounting for 

12.34% of the total variance (F3,24 = 2.435, P = 0.090). There was a significant year 

effect, accounting for 47.13% of the total variance (F8,24 = 3.488, P = 0.008). Moult 

was significantly later at Halifax Island in 1996 than in 1998 and 2004, and 

significantly earlier in 1998 than in 1999; at Possession Island, moult was 

significantly later in 1996 than 2004 (Table 5.4). 

 

There was no significant island effect with regards to moult synchrony, which 

explained 12.24% of the total variance (F3,24 = 2.547, P = 0.080) but a year effect 

accounted for 49.3% of the total variance (F8,24 = 3.847, P = 0.005). At Mercury 

Island, synchrony was significantly lower in 1997 than in the years 1996, 2000, 

2001, 2003 and 2004. Synchrony was significantly higher in 2000 at Mercury Island 

than in 1998 and 2002 (Table 5.5).  

 

Mean moult date during the 1998 and 2000 moult seasons was earlier than the 

overall mean moult date at all four islands. The 1996 and 2003 moult seasons were 

highly synchronized at all islands, while the 1997 and 1998 moult seasons were less 

synchronized than on average at all islands (with the exception of Halifax Island in 

1998).  

 

Mean moult dates at Mercury and Ichaboe Islands for the years 1992 and 1994 to 

2004 were strongly correlated (r = 0.80, n = 12, P = 0.002) (Figure 5.7), but 

synchrony was not. Synchrony was weakly correlated between Mercury and 

Possession Islands between 1996 and 2004 (r = 0.79, n = 9, P = 0.01). There were 
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no other significant relationships between mean moult date and synchrony between 

other islands. 

 

The annual peak count of moulting juvenile penguins increased with the total 

number of juvenile penguins calculated from moult counts (see Table 8.2 in Chapter 

Eight for annual estimates of juvenile African Penguins) (r = 0.92, n = 43, P < 0.001) 

(Figure 5.8). There were no significant relationships between total number of juvenile 

penguins and either mean moult date (r = –0.17, n = 43, P = 0.267) or synchrony 

index (r = 0.12, n = 43, P = 0.439), nor between peak count and mean moult date (r 

= –0.24, n = 43, P = 0.114) or synchrony index (r = –0.18, n = 43, P = 0.251). There 

was a weak relationship between mean moult date and synchrony index (r = 0.30, n 

= 43, P = 0.052), with moult less synchronized in years with late mean moult dates. 

The peak moult count contributed between 8.3% and 22.9% to the total annual 

estimate of juvenile penguins, with an average (for all islands and years) of 14.9% 

(Table 5.3).  

 

The peak average number of juvenile penguins moulting per half month and 

expressed as a percentage of the annual total was 15.5%, 15.7% and 15.7% at 

Mercury, Ichaboe and Halifax Islands respectively and occurred during the second 

half of December. At Possession Island 13.8% of juvenile penguins moulted during 

the second half of January. Using the peak moult month, 27.4% and 29.8% of 

juvenile penguins moulted at Mercury and Halifax Islands respectively during 

December and 29.8% and 26.1% at Ichaboe and Possession Islands during 

January. 

 

Discussion 
 

Timing of moult 

 

In Namibia, juvenile African Penguins moult during the austral summer, with peak 

moult during December and January. The overall modelled mean moult date for 

Mercury, Ichaboe and Halifax Islands fell on the same date, i.e. 5 January, and that 

for Possession Island was eight days later. There was some variation between years 

and between islands. The moult season for juvenile African Penguins has been 

described for other breeding localities. At Robben Island, the peak of the moult 
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season for juvenile penguins is, on average, during the first half of December, with a 

distinct secondary peak during March (Crawford et al. 1995c, Underhill & Crawford 

1999, Hemming 2001). Juvenile moult also peaks around mid-December at St Croix 

and Dassen Islands and about a month earlier at Bird Island (Lambert’s Bay), Dyer 

Island, The Boulders and Stony Point (Wilson 1985, Hemming 2001, Crawford et al. 

2006b). Except for the moult phenologies at Robben Island and Dyer Island (which 

also has a minor secondary moult peak in March), all other localities all follow a 

distinct monomodal pattern (Crawford et al. 2006b). 

 

Seasonal moult patterns were more erratic at Possession Island than at the other 

three islands. This may be linked to the low numbers of juvenile penguins moulting 

at this island. Juvenile penguins, not constrained by breeding duties, may not 

necessarily moult at their natal breeding locality. In Namibia, juvenile penguins which 

were recorded moulting at localities other than their natal breeding locality, tended to 

do so north of their natal locality, although southward movement was not uncommon 

(Chapter Six). This pattern largely agreed with findings of Randall et al. (1987) and 

Whittington et al. (2005a), who reported inter-island movement by young birds to be 

mainly in a clockwise direction around the southern African coast. 

 
African Penguins breed throughout the year (Wilson 1985), except during moult 

(Payne 1972, Otsuka et al. 2004, but see Chapter Seven for exceptions). Juvenile 

penguins, whose activities are not limited by breeding duties, should theoretically 

then be able to moult at any time during the year. Yet juvenile moult follows a well-

defined, relatively inflexible seasonality pattern. Timing and synchrony of the moult 

season, as well as its variability must therefore be dictated by one or more factors. 

The following sections discuss some of the alternatives. 

 

Photoperiod 

There is evidence that moult is controlled, at least in part, by photoperiod, either by 

day length itself (Scholten 1989) or a change in daylength (Lofts & Murton 

1968).This idea stems from accounts of penguins held in zoos in the northern 

hemisphere. Humboldt Penguins S. humboldti moult during the austral summer 

(Hays 1986, Paredes & Zavalaga 1998, Simeone et al. 2002). Moult of captive 

juvenile Humboldt Penguins at Emmen Zoo, Netherlands, peaks in June, shortly 

after the local summer solstice (Scholten 1989). Otsuka et al. (2004) argued that 
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although food availability may be an important cue in the wild, the timing of moult 

during July and August in captive Humboldt Penguins in Tokyo, (roughly the same 

latitude as Cape Town, South Africa), is not triggered by food availability but more 

likely by factors such as day length and temperature. It is, however, possible that the 

seasonality of events such as moult could be altered in captive animals and may not 

necessarily apply to wild populations. Photoperiod might not explain subtle inter-

island differences / latitudes, but might explain why juvenile penguins moult in 

summer rather than any other time of year throughout their range. 

 

Food availability 

Moult is an energy-demanding process (Cooper 1978) and the timing of moult is 

critical to the survival of the individual (Wilson 1985). Food availability prior to and 

immediately after moult is particularly important, since moulting penguins cannot 

forage (Wilson 1985). Randall & Randall (1981) and Crawford et al. (2006b) 

postulate that the timing of breeding in African Penguins is linked to the availability of 

food near the breeding locality and that adult moult takes place when food is least 

available in the vicinity of the breeding locality, at a time when penguins are able to 

spend long periods at sea and can make use of less predictable, more distant, and 

possibly more nutritious food sources. Alternatively, at localities where food is 

generally poor, penguins may try to breed at any time during the year, except during 

moult. 

 

In Namibia, juvenile penguins moult about four months earlier than adult penguins 

(Chapter Seven), at a time, when breeding adults are mainly rearing small chicks 

(Chapters Three and Seven). A similar pattern has been observed in Galapagos 

Penguins S. mendiculus which moulted while others were breeding were either 

juveniles or adults not breeding during that season (Boersma 1977). This suggests 

that if breeding at Namibian localities indeed peaks during a time when food is 

abundant near the localities, juvenile penguins, which are free of breeding 

constraints, are able to make use of these food sources. In South Africa, where adult 

and juvenile penguins moult at the same time, conditions suitable for breeding and 

for moult appear to not overlap.  
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“Abnormal” or catastrophic events 

“Abnormal” environmental conditions could lead to changes in moult season pattern 

(Duffy 1989, Simeone et al. 2002). Between March and September 1994, unusually 

low levels of dissolved oxygen in the shelf waters off the central Namibian coast 

resulted in large-scale fish mortalities and widespread changes in fish distribution 

(Hamukuaya et al. 1998, O’Toole & Bartholomae 1998, Kristmannsson 1999). The 

moult peaks at Mercury and Ichaboe Islands were earlier than usual during the moult 

season following these events. Whether the timing of moult in 1994 was directly 

linked to these events or simply within the range of the natural variability of moult 

seasonality is unclear. 

 

In June 1994, the Apollo Sea oil spill contaminated about 10 000 penguins near 

Cape Town, South Africa (Underhill et al. 1999). At Robben Island, adult moult in 

late 1994 was one month earlier than average and less synchronized (Underhill & 

Crawford 1999, Hemming 2001). This was attributed to the effects of the oil spill in 

June 1994. Wolfaardt & Nel (2003) reported that penguins at Dassen Island which 

were rehabilitated and released after that oil spill, moulted earlier than non-oiled 

birds for the first two years following the spill. Moult of juvenile penguins at Robben 

Island peaked two weeks earlier than average following the Treasure oil spill in the 

same area in June 2000 (Hemming 2001). 

 

Some 6.3% of banded penguins which were oiled during the Apollo Sea spill had 

been banded in Namibia (Whittington 2002). This was a significantly higher 

proportion than that recorded during the Treasure oil spill in June 2000 (1.3%, 

Fisher’s exact test P = 0.009), which oiled over 19 000 penguins in roughly the same 

area (Whittington 2002). This suggests that an unusually high proportion of 

Namibian penguins had moved south following poor feeding conditions there.  

 

The phenology of the 1999 moult season may have also been affected by unusual 

environmental conditions. During December 1999 and January 2000 coastal waters 

along central Namibia were characterized by daily sea surface temperatures up to 

5ºC higher than average (K. Peard pers. comm.). Peak moult that year was 

generally later than usual, except at Mercury Island. Synchrony was poor at all four 

islands that year, particularly at Halifax Island. 
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The timing of moult varied consistently at Mercury and Ichaboe Islands, but not 

necessarily at the other islands. Synchrony variability appears to be island-specific, 

except for weak evidence of a link in synchrony variability between Mercury and 

Possession islands. This suggests that different islands within the region, or at least 

different sub-regions (i.e. islands north of Lüderitz and islands south of Lüderitz) are 

subject to different mechanisms shaping the timing and synchrony pattern of each 

individual moult season. The northern Benguela upwelling system is an extremely 

variable environment (Roux 2003) and it is likely that the timing and synchrony of the 

juvenile moult season in this region is more variable than in South Africa. 

 

Age 

Waterproof plumage is essential for the survival of an individual (Randall 1989). 

Plumage wear therefore restricts the age at which a juvenile penguin can moult 

(Chapter Six). Depending on when a bird fledged may dictate when it moults during 

the moult season. Therefore, the variability in the number of chicks fledged at a 

particular time of year may influence the timing of juvenile moult. This is investigated 

in more detail in Chapter Six.  

 

The use of peak counts 

 

Underhill & Crawford (1999) expressed the number of birds moulting during a half 

month as a percentage of the overall number of penguins moulting at Robben Island 

in a year. On average, nearly 20% of juvenile penguins moulted at peak at Robben 

Island during the first half of December. At all four islands in Namibia this percentage 

was lower and peak moult occurred between a half month and a month and a half 

later. Similarly, the percentage of birds moulting during the peak month was lower 

than at Lambert’s Bay islands (c. 35%), Dyer Island (c. 40%) and St Croix Island 

(c. 55%), but was similar to that at Dassen Island (c. 29%) (Crawford et al. 2006b), 

indicating that moult is less synchronized at localities in Namibia than it is at most 

localities in South Africa. The timing of the peak at Mercury and Halifax Islands was 

the same as St Croix and Dassen Islands, while at Ichaboe and Possession Islands, 

peak moult was a month later than that and at Lambert’s Bay and Dyer Island a 

month earlier. Using monthly totals only yielded a crude index of the timing of the 

peak but allowed the comparison of synchrony between localities with existing data 

collected at this time scale. Mercury and Robben Islands are separated by more 
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than 7º of latitude; if photoperiod provides an important cue for moult, then moult 

tends to be better synchronized at higher latitudes (Lofts & Murton 1968, Helm & 

Gwinner 2006). Moreover, the timing of fledging influences the timing of juvenile 

moult. The effects of differences in fledging seasonality between localities in South 

Africa and Namibia on juvenile moult phenology are discussed in Chapter Six. 

 

Peak moult counts in Namibia were closely correlated with the total annual estimate 

of birds in juvenile plumage. Surveys of moulting juvenile penguins timed in early 

January at remote and seldom visited breeding localities in Namibia should therefore 

yield reasonable estimates of juvenile penguins at these localities. 



Table 5.1: Dates of observed peak counts per moult season of juvenile moulting African Penguins at the four main breeding 
localities in Namibia. Years refer to moult seasons starting on 1 June of that year. 

Locality 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
               
Mercury 15 Dec 29 Nov  9 Dec 5 Jan 10 Jan 8 Jan 11 Dec 21 Jan 22 Dec 4 Jan 31 Jan 2 Jan 17 Dec 
               
Ichaboe  4 Jan 31 Dec 23 Dec 26 Jan 27 Dec 10 Jan 11 Dec 21 Jan 22 Dec 18 Jan 17 Jan 21 Jan 17 Dec 
               
Halifax      23 Jan 2 Feb 3 Dec 12 Jan 3 Jan 10 Jan 12 Jan 19 Dec 3 Dec 
               
Possession      17 Jan 16 Jan 22 Jan 5 Dec 22 Dec 21 Dec 21 Feb 8 Jan 2 Dec 
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Table 5.2: Summary of parameter estimates of Gaussian curves fitted to counts of 
moulting juvenile African Penguins at the four main breeding colonies in Namibia. Years 
refer to moult seasons starting on 1 June. SI = synchrony index, i.e. the standard deviation 
(days) of the modelled Gaussian curve. 

 
Year MERCURY ICHABOE 

 Fit (r) Mean moult 
date SI Fit (r) Mean moult 

date SI 

1991 0.98 18 Dec 1991 31.4    
1992 0.96 26 Dec 1992 36.5 0.98 4 Jan 1993 35.8 
1993    0.97 5 Jan 1994 37.4 
1994 0.97 15 Dec 1994 25.0 0.98 24 Dec 1994 32.3 
1995 0.97 17Jan 1996 32.8 0.98 14 Jan 1996 32.9 
1996 0.97 7 Jan 1997 30.2 0.97 11 Jan 1997 28.7 
1997 0.98 12 Jan 1998 61.6 0.97 15 Jan 1998 36.4 
1998 0.96 1 Jan 1999 47.3 0.94 28 Dec 1998 43.8 
1999 0.99 4 Jan 2000 39.8 0.98 13 Jan 2000 38.4 
2000 0.91 26 Dec 2000 17.9 0.91 17 Dec 2000 35.7 
2001 0.98 12 Jan 2001 34.4 0.98 14 Jan 2002 28.7 
2002 0.99 3 Jan 2002 43.7 0.99 8 Jan 2003 40.8 
2003 0.98 10 Jan 2004 24.2 0.98 8 Jan 2004 24.0 
2004 0.98 2 Jan 2005 34.2 0.93 26 Dec 2004 30.8 

 
Year HALIFAX POSSESSION 

 Fit (r) Mean moult 
date SI Fit (r) Mean moult 

date SI 

1991       
1992       
1993       
1994       
1995       
1996 0.88 26 Jan 97 26.7 0.95 27 Jan 97 37.4 
1997 0.85 14 Jan 98 38.8 0.73 6 Jan 98 49.7 
1998 0.94 14 Dec 98 22.9 0.84 18 Jan 99 44.7 
1999 0.99 15 Jan 00 43.4 0.94 20 Jan 00 36.9 
2000 0.86 4 Jan 01 23.7 0.77 17 Jan 01 37.9 
2001 0.96 2 Jan 02 24.7 0.82 19 Jan 02 40.4 
2002 0.97 3 Jan 03 38.8 0.95 18 Jan 03 38.5 
2003 0.97 11 Jan 04 32.1 0.96 3 Jan 04 28.7 
2004 0.95 17 Dec 05 26.3 0.88 25 Dec 05 36.3 
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Table 5.3: Ranges and means (SD) of peak annual counts of moulting juvenile African 
Penguins at the four main breeding localities in Namibia, expressed as percentage of 
the total annual estimate of juvenile penguins per locality. 
 

Locality Minimum (%) Maximum (%) Mean % (SD) 
Mercury 8.28 22.89 14.96 (4.29) 
Ichaboe 12.49 19.90 15.20 (2.46) 
Halifax 10.50 20.37 15.67 (3.96) 
Possession 10.37 17.19 13.63 (1.85) 

 
 
 
 
Table 5.4: Inter-annual differences in mean moult dates of juvenile African Penguins at 
Halifax and Possession Islands, Namibia; t-statistics and significance levels are 
reported. 
 

Locality Year 
  1998 1999 2004 
Halifax 1996 3.551**  3.286* 

 1998  2.771*  
     

Possession 1996   2.879* 
                          * p < 0.05, ** p < 0.01 
 
 
 
 
Table 5.5: Inter-annual differences in moult synchrony of juvenile African Penguins at 
Mercury Island, Namibia; t-statistics and significance levels are reported. 

 
Year 1996 1998 2000 2001 2002 2003 2004 
1997 3.329 *  4.634**** 2.887*  3.963** 3.121* 

2000  3.121*   2.737**   
          * p < 0.05, ** p < 0.01, *** p < 0.001 
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Figure 5.1: Time series of the number of moulting juvenile African Penguins at the four 
main breeding localities in Namibia; (a) Mercury (b) Ichaboe (c) Halifax, and (d) 
Possession Islands. 
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Figure 5.2: Standardised, average seasonal moult patterns of juvenile African 
Penguins (solid line) and associated coefficients of variation (dashed line) at the four 
main breeding localities in Namibia; (a) Mercury, (b) Ichaboe, (c) Halifax and (d) 
Possession Islands. 
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Figure 5.3: Counts (circles) and Gaussian curves fitted to describe standardised 
seasonal moult patterns of juvenile African Penguins at Mercury Island, Namibia, for 
1991–2004. Too few data were available for 1993; this year was not included. 
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Figure 5.4: Counts (circles) and Gaussian curves fitted to describe standardised 
seasonal moult patterns of juvenile African Penguins at Ichaboe Island, Namibia, for 
1992–2004. 
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Figure 5.5: Counts (circles) and Gaussian curves fitted to describe standardised 
seasonal moult patterns of juvenile African Penguins at Halifax Island, Namibia, for 
1996–2004. 
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Figure 5.6: Counts (circles) and Gaussian curves fitted to describe standardised 
seasonal moult patterns of juvenile African Penguins at Possession Island, Namibia, for 
1996–2004. 
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Figure 5.7: Linear relationship between the mean annual moult dates (day) of juvenile 
African Penguins at Mercury and Ichaboe Islands, Namibia. 
 
 
 
 

0 1000 2000 3000 4000 5000
0

100

200

300

400

500

600

700 y = 0.136X + 15.726

Total no. of juvenile birds

Pe
ak

  c
ou

nt

 
 
Figure 5.8: Linear relationship between the total number of juvenile African Penguins 
estimated from moult counts (Chapter Eight) and the annual peak count of moulting 
juvenile African Penguins for the four breeding localities in Namibia and all available 
years combined.  
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Of squeezers and skippers: factors determining the age at 
moult of juvenile African Penguins Spheniscus demersus  

in Namibia  
 
Introduction 
 

African Penguins fledge once all down has been replaced by a grey and white, 

juvenile plumage, which lacks the adult black and white banded pattern and the 

characteristic head colouration pattern. After fledging, the penguins spend most of 

their time at sea until they return to land to moult into adult plumage. During this 

time, the worn plumage becomes a mottled brown. Some juvenile birds undergo a 

partial head moult at sea (Ryan et al. 1987). Once juvenile penguins have moulted, 

they are indistinguishable from adults although they generally do not breed until 

they are three years or older (Crawford et al. 1999, Whittington et al. 2005c). 

 

Moult in the adult African Penguin takes place at yearly intervals (Randall & Randall 

1981, Chapter Seven). Serial moult counts can therefore be used to estimate the 

population size of birds in adult plumage each year (Randall et al. 1986b, Underhill 

& Crawford 1999, Crawford et al. 2000, Kemper et al. 2001). Counts of moulting 

juvenile birds have been used to monitor trends in numbers at some localities 

(Crawford et al. 1995b, 1999, 2000). Although juvenile survival is a key component 

to understanding population dynamics in long-lived seabirds, estimates of juvenile 

survival in African Penguins have thus far only been obtained from banding and 

resighting records. Since juvenile penguins have been found to moult between 12 

and 22 months of age at St Croix Island (Randall 1989), counts of juvenile moulting 

birds cannot be used to estimate year class strength and relate this to post-fledging 

survival. The aims of this chapter are to determine the factors that underlie inter-

individual variability in age at moult of African Penguins and the phenology of the 

juvenile moult cycle in Namibia. This information is used to provide a tool for 

interpreting counts of penguins undergoing juvenile moult in terms of year class 

strength and juvenile survival. 
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Methods 
 

Field work was conducted in Namibia at Mercury, Ichaboe, Halifax and Possession 

islands. These islands support c. 96% of the Namibian penguin population (Kemper 

et al. 2001, Chapter Eight, Appendices 1.1-1.11). Between May 1991 and April 

2002, 6 237 African Penguin chicks were banded prior to fledging, from the early 

stages of down-shedding to the completely feathered stage. 

 

Some 95% of the birds, for which the exact fledging date was not known, were 

banded as fully-feathered chicks. For these, the fledging date was assumed to be 

the day following the last resighting of the bird, or the day after banding (if the bird 

was not re-sighted before fledging). For chicks originating from monitored nests, the 

fledging date was known. The average age at fledging of 585 chicks monitored 

between hatching and fledging in Namibia from study nests followed between 2000 

and 2002 (see Chapter Three on monitoring protocol) was 84 days (SD = 9.7 days). 

This was used as the age of all fledglings in the dataset, and was applied to 

estimate hatching date and the bird’s age. Systematic searches for banded 

penguins were made at these localities in recent years. The numbers stamped on 

penguin bands are large enough to be read in the field with binoculars or a spotting 

scope without having to physically recapture the bird. Records involving 

rehabilitated birds were not included since rehabilitation has been reported to alter 

the moult cycle in the African Penguin (Wolfaardt & Nel 2003). In most cases, mass 

at banding was also recorded. 

 

The duration of moult for both adult and juvenile African Penguins is approximately 

three weeks (Randall & Randall 1981), with the feather-shedding and replacement 

stage of moult lasting on average 12.7 days (Randall 1983, but see Chapter Eight). 

During moult, penguins are confined to land, usually to one of the breeding 

localities. The date at the mid-point of the feather-shedding phase of the juvenile 

moult was chosen to calculate the age at moult. Juvenile birds were recorded at 

different stages of moult, from the time they returned to land after fattening at sea, 

to the end of the feather replacement phase. For birds for which the mid-moult point 

was not observed, moult dates were adjusted to correspond to the mid-point of the 

feather-shedding period as follows:  
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• Ten days were added for birds which had returned from sea and were 

showing signs of feathers loosening, but not yet shedding (23.8% of cases). 

• Six days were added to the moult date of birds shedding their first feathers 

(2.3%). 

• Three days were added for birds which had shed a quarter of their feathers 

(4.8%). 

• Three days were subtracted for bird which had shed three quarters of their 

feathers (23.0%). 

• Six days were subtracted for birds which were shedding their last few 

feathers (9.0%). 

• Ten days were subtracted for birds with completely replaced plumage 

(12.5%). These birds still had flakes of moulted feather sheaths on their 

bodies, distinguishing them from birds which moulted some days or weeks 

earlier. 

 

These adjustments, on average, corresponded to a difference of 5.1 days (SD = 

0.2) per record (1.1% of the estimated age at moult) and made no difference to the 

final conclusions. To investigate seasonal patterns, seasons were defined as: 

summer = January to March, autumn = April to June, winter = July to September 

and spring = October to December. Means and standard deviations are given and 

first and third quartiles (Q1 and Q3) were computed. Because juvenile penguins do 

not necessarily moult at their natal locality and because factors determining the age 

at moult were assumed not to differ within the region, data for all four islands were 

pooled. 

 

Results 
 

Of the 6 237 fledglings banded at the four main Namibian breeding localities, 391 

penguins, excluding rehabilitated birds, were re-sighted in Namibia during juvenile 

moult. Of these, 49% did not moult at their natal localities. Of those moulting 

elsewhere, 69% moulted at a locality north of their natal one.  

 

Although there was an increase in fledging activity in January and February, 

penguins in the sample of 391 individuals fledged throughout the year (Figure 6.1a). 

Nearly two thirds of the birds fledged during spring (n = 72) and summer (78), with 
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65 birds fledging during autumn and 176 during winter. Moult was far more 

seasonal than fledging, with 93.1% of juvenile penguins moulting during spring (n = 

171) and summer (193) (Figure 6.1b). Mean moult date was 6 January (SD = 48.7 

days), median moult day was 3 January. Only 17 birds moulted during autumn and 

ten during winter. The proportions of fledglings and moulters differed significantly 

between seasons (χ2
3
 = 110.49, P < 0.001). The results are consistent with the 

fledging and moulting seasonality patterns for the entire Namibian population. 

Proportions of moulters in each season did not differ between this sample and the 

total number of juvenile moulters (n = 28 315) monitored on all four islands 

combined over six years, from 1997 to 2002 (χ2
3

 = 1.85, P > 0.5). 

 

Juvenile penguins in the sample moulted between the ages of 12 to 23 months 

(Table 6.1, Figure 6.2). Mean age at moult was 15.4 months (SD = 62.4 days). Only 

16 penguins (4.1%) in the sample were older than 600 days at moult and only one 

penguin (0.3%) was younger than 365 days at moult.  

 

All but one penguin which fledged during winter skipped the next moult season and 

moulted the following year (Figure 6.3a). This bird squeezed into the next moult 

season and is the youngest bird in the dataset (moulting on 15 April, aged 356 

days). All penguins which fledged during spring skipped the next moult season to 

moult the following season (Figure 6.3b). Spring-fledged birds were on average 

younger at moult than winter-fledged birds (t = 8.76, df = 130, P < 0.001). All birds 

fledged during summer moulted during the next moult season (Figure 6.3c). 

Penguins fledged during summer were 53 days younger on average than spring 

fledged birds (t = 13.91, df = 111, P < 0.001). Birds fledged in autumn followed a 

bimodal age distribution at moult (Figure 6.3d): they were either relatively young or 

relatively old at first moult. This indicates that they either moulted in the coming 

moult season or skipped a season to only moult during the following season. Birds 

fledged during April generally still moulted roughly a year later (Figure 6.2). Only 

three out of 29 individuals skipped that moult season and only moulted during the 

following moult season. Of the 36 birds fledged during May and June, 20 birds 

squeezed into the next moult season. 16 birds skipped that season to moult in the 

following moult season.  

 

There was a significant relationship between age at moult and moult date, with 
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young birds generally moulting later in the season than older birds (r = 0.51, n = 

390, P < 0.001). Birds of all ages moulted before the median moult date of 3 

January (Figure 6.4). Age in the group moulting before 3 January ranged from 371 

to 697 days (n = 197, mean = 501 days, SD = 66.28 days). Birds moulting after 3 

January were almost exclusively young birds, ranging in age from 356 to 572 days 

(n = 194, mean = 433 days, SD = 33.24 days). Birds moulting after 3 January were 

significantly younger than those moulting before 3 January (t = 12.77, df = 290, P < 

0.001). 

 

Mass at banding was available for 219 penguins and ranged from 1.75 kg to 4.00 kg 

(mean = 2.76 kg, SD = 0.39 kg). There was no difference in mass at fledging 

between seasons (one-way analysis of variance: F3,215 = 0.77, P = 0.512). Overall, 

mass at fledging did not correlate with date of moult (r = 0.09, n = 219, P = 0.154) 

nor age at moult (r = 0.05, n = 219, P = 0.467). Between 25 April and 25 July, the 

period of greatest overlap of squeezers and skippers, 57 birds fledged (Figure 6.2). 

For 33 of those, mass was recorded. Fledging mass was not correlated with date of 

moult during this period (r = 0.15, n = 33, P = 0.401).  

 
Discussion 
 

African Penguins have a poorly defined breeding season, although there are 

breeding peaks specific to breeding localities or regions (Randall & Randall 1981, 

La Cock et al. 1987, Crawford et al. 1995c, Whittington et al. 1996, Murison 1998, 

Wolfaardt & Nel 2003, Chapter Three). A high incidence of breeding failure leads to 

clutch replacement and in some cases a second clutch is laid after successful 

breeding (Randall & Randall 1981). This results in chicks being fledged throughout 

the year (Wilson 1985). By contrast, juvenile moult is seasonal and is centred 

around mid-summer throughout the species’ range (Wilson 1985, Randall et al. 

1986b, Randall 1989, Underhill & Crawford 1999, Crawford et al. 2006b, Chapter 

Five). Therefore, juvenile African Penguins, which fledge throughout the year but 

moult only during part of the year, cannot moult at a specific age, unlike adult 

penguins which moult at yearly intervals (Chapter Seven). As a consequence, 

chicks fledged during any given 12-month period will moult at various times 

throughout the year. The results of this study indicate that juvenile moult occurs 

during two fairly distinct moult seasons. 
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In this sample, penguins moulted at ages from 12 to 23 months, a range of 11 

months. These results agree with those obtained by Randall (1989) for St Croix 

Island, South Africa, where the age at juvenile moult was between 12 and 22 

months.  

 

The results suggest that the main factor which determines in which season a 

juvenile penguin will moult is its age at the next moult season. If it reaches a 

minimum age of about a year by the end of the next moult season, it will squeeze in 

a moult. However, if the bird is younger than that, it will only moult the following 

season at a much older age, i.e. it will skip a year. Therefore, in any given moult 

season, the youngest birds are those fledged the previous summer as well as some 

of the birds fledged the previous autumn. Conversely, the oldest birds are the ones 

fledged during the winter preceding the last moult season as well as some birds 

fledged during that autumn.  

 

Within a moult season, the youngest birds (squeezers) moulted mainly during the 

second half of the season, while all the birds older than 572 days (skippers) moulted 

in the first half of the season. This seemingly counterintuitive result of the youngest 

birds moulting later in the season is explained by the interaction between two 

constraints facing a juvenile bird about to moult: the minimum age required for 

moult, and the seasonality of the moulting cycle. This result implies that differences 

in the relative proportions of skippers and squeezers in a population will influence 

the phenology of the moult cycle. Patterns of age at juvenile moult in relation to the 

month in which the penguin fledged for localities in South Africa confirm the pattern 

found in Namibia (Figure 6.5). At most breeding localities in South Africa, including 

Robben Island, peak fledging takes place mainly during autumn (Randall & Randall 

1981, Wilson 1985, La Cock et al. 1987, Crawford et al. 1995c, 2006b, Wolfaardt & 

Nel 2003), when penguins either squeeze into the next moult season or skip that 

season, and winter, when most birds skip the next moult season. At Robben Island, 

most juvenile penguins moult between November and January, as found in this 

study, but there is a distinct secondary peak in February and March (Underhill & 

Crawford 1999). These authors attributed this late secondary moult peak to 

replacement clutches. However, following our findings it is likely that the birds 

moulting late in the season would in fact be younger birds originating from the 
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beginning of the past breeding season, whereas the main moult peak would consist 

of older birds from the preceding season. 

 

In their study of juvenile penguins displaying adult head plumage patterns, Ryan et 

al. (1987) concluded that juvenile head moult is a signal of social status, reducing 

aggression from adults and acceptance into adult feeding groups. Because of the 

potentially energetically high cost of replacing feathers at sea and the risk of 

compromising waterproofing, only the fittest juvenile birds are thought to be able to 

afford to do this. During the 2003/04 juvenile moult season at Halifax Island, nine of 

ten moulting juvenile birds with adult head plumage patterns completed their moult 

before 30 November (pers. obs), suggesting that these were relatively old birds. 

There seem to be a smaller proportion of juveniles displaying head moult in Namibia 

than in South Africa (Ryan et al. 1987, pers. obs). This agrees with the likelihood 

that juvenile moulting penguins might, on average, be older in South Africa than in 

Namibia. Thus, the occurrence of adult head moult could be a function of age. 

 

Although mass at fledging probably influences survival (Randall & Randall 1981), it 

did not relate to age at moult, date of moult, or which moult season a bird would 

moult in. Mass during the moult season, not at fledging, might be more important in 

determining whether an autumn-fledged bird squeezes or skips. If the bird is not fat 

enough to survive energetically expensive moult, it might skip the next moult season 

and still moult successfully the season following that. 

 

Within the genus Spheniscus, only the Magellanic Penguin Spheniscus 

magellanicus has a well-defined breeding season. Moult of juvenile penguins takes 

place in January and February and is well synchronized (Boersma et al. 1990). The 

timing of breeding of the Galapagos Penguin S. mendiculus is erratic and 

unpredictable (Boersma 1977, 1978). Moult generally takes place prior to and 

during breeding (Boersma 1977), but information on juvenile moult synchrony and 

age at juvenile moult is lacking. The Humboldt Penguin S. humboldti breeds 

throughout the year (Cheney 1998). Moult of juvenile birds in the wild is poorly 

documented. Juvenile Humboldt Penguins held captive in the northern hemisphere, 

showed a similar moulting pattern to that observed here (Kojima 1978, Scholten 

1989). Chicks hatched in spring moulted the following year, aged just over one year. 

Chicks hatched in winter either moulted the next summer or only the summer 
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following that. Age at juvenile moult ranged from seven months to over 18 months 

after hatching. 

 

Only 12 penguins in this sample moulted when older than 20 months. By that time 

the plumage tends to be badly worn, and prone to a loss of water-proofing (pers. 

obs). This could cause a moulting bird to starve, because it has been unable to 

spend long periods at sea building up fat reserves for the moult. All old birds, 

including those older than 20 months, moulted during the first half of the moult 

season. No birds older than 572 days (or almost 19 months) moulted during the 

second half of the moult season. This pattern implies that by then all old birds had 

moulted, or that any birds older than 19 months, which had not moulted during the 

first half of the moult season, did not survive. If worn plumage limits maximum age 

at first moult it is possible that skippers have a lower chance of survival if their 

plumage becomes too worn before moult. If so, autumn-fledged skippers will have a 

lower probability of survival into adult plumage than birds fledged in any other 

season. One penguin, hatched at Halifax Island on 23 June 2000, illustrates this 

point. It was found with worn plumage and close to starvation on 29 January 2002, 

aged 19 months. It is probable that the bird was unable to fatten up for moult owing 

to lack of insulation. The penguin was subsequently taken in for rehabilitation and 

finally moulted in captivity in April 2002, aged 22 months. It is unlikely that it would 

have survived in the wild. Estimates of first year survival rates of African Penguins 

at localities in South Africa were found to be lower than rates estimated for the 

Namibian population (Chapter Nine). The difference in age at juvenile moult owing 

to the high proportion of skippers in South Africa relative to that in Namibia, and its 

implications for survival, could be one factor explaining this difference in survival 

rates between regions. 

 

Randall et al. (1986b) found the incidence of juvenile birds moulting at localities 

other than their natal ones to be minimal. Crawford et al. (2000), on the other hand, 

suggested that young birds, free from breeding constraints, have the flexibility to 

move from their natal locality to places where feeding conditions are more 

favourable. This may indeed be the case, with food quality and abundance 

considered better at the northern penguin breeding localities in Namibia (Crawford 

et al. 2001). Although moult of juvenile penguins banded as chicks in Namibia at 

localities outside Namibia was not investigated in this study, it is likely to be 
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infrequent, since movement of young birds from Namibia to other regions is 

relatively uncommon (Randall et al. 1987, Whittington 2002, Whittington et al. 

2005a, Chapter Nine). The interpretation of juvenile moult counts might, therefore, 

not be accurate for individual colonies or localities, but nevertheless will be valid at 

a regional scale (Chapter Eight). 

 

Since breeding is continuous, discrete year classes cannot be empirically defined 

for African Penguins. In addition, estimates of yearly recruitment cannot be made, 

because birds produced over nearly two years of breeding moult during one 

season. These results explain the relative role of factors such as date of fledging 

and age in the determination of the season of moult and its timing within the 

season, and provide the means of assigning recruits to specific age groups (see 

Chapter Eight for details and application). 
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Table 6.1: Age at juvenile moult per season of fledging of 391 banded African Penguins 
in Namibia. Squeezers (i.e. individuals which have reached a minimum age of about 
one year and which moult by the end of the next moult season) and skippers (i.e. 
individuals which are too young to moult during the next moult season and only moult 
during the season following that) were separated in autumn-fledged birds. 
 

Fledging season n Age at moult (days) 
  Mean (SD) Median Range Q1 Q3 

Winter 72 537 (42.00) 543 356-613 521 560 
Spring 78 483 (30.91)  481 371-572 462 505 

Summer 176 430 (21.32) 430 373-513 415 443 
Autumn (squeezers) 46 411 (25.55) 410 368-477 393 425 
Autumn (skippers) 19 616 (46.04) 616 536-697 593 650 

Total 391 467 (62.44) 450 356-697 422 505 
 
 

 108



0

5

10

15

20

25

30
(a)

SummerWinter Spring Autumn

0

5

10

15

20

25

30
(b)

SummerWinter Spring Autumn

Fr
eq

ue
nc

y

Season  
 

Figure 6.1: Seasonality of (a) fledging and (b) moulting of 391 juvenile African 
Penguins in Namibia grouped in periods of 5 days starting on 1 July (beginning of 
winter). 
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Figure 6.2: Relationship between fledging date and age at juvenile moult of banded 
African Penguins in Namibia. 
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Figure 6.3: Age distribution at juvenile moult for African Penguins fledged in Namibia 
during (a) winter, (b) spring, (c) summer and (d) autumn (grouped in age classes of 10 
days). 
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Figure 6.4: Age distribution of banded juvenile African Penguins in Namibia moulting 
before and after the median moult date of 3 January. 
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Figure 6.5: Relationship between fledging date and age at juvenile moult of African Penguins 
banded and re-sighted in Namibia and South Africa. Data for South African birds were 
provided by P. Whittington and SAFRING. 

 111



 112

 



 
 
 
 
 

Chapter Seven 
 
 
 
 
Effect of age and breeding status on moult phenology 

of adult African Penguins Spheniscus demersus in 
Namibia 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         ©J-P. Roux 



Effect of age and breeding status on moult phenology of adult 
African Penguins Spheniscus demersus in Namibia 

 
Introduction 
 

Juvenile African Penguins Spheniscus demersus attain their characteristic black and 

white adult plumage when they undergo their first moult after fledging at between 12 

and 23 months of age (Kemper & Roux 2005, Chapter Six). Thereafter, they moult 

annually; the feather shedding phase lasts about two weeks (Randall & Randall 

1981). Although some penguins begin to breed during their third year, the majority 

begin to breed during their fourth to sixth years (Whittington et al. 2005c). The sum 

of two-weekly counts of moulting penguins in adult plumage has been used to obtain 

estimates of adult population size attached to a particular locality or region (Randall 

et al. 1986b, Crawford & Boonstra 1994, Crawford et al. 1999, 2000, Chapter Eight). 

Because sexually mature penguins cannot be distinguished visually from immature 

penguins, estimates of breeding populations can currently only be obtained through 

counts of active nests at the time of peak breeding activity (Crawford et al. 1990, 

1999, 2000, Crawford & Boonstra 1994, Kemper et al. 2001). However, at most 

African Penguin localities the breeding season is protracted (Wilson 1985, Chapter 

Three), breeding is not well synchronized (Chapter Two) and even at the time of 

peak breeding activity, only part of the breeding adults associated with a locality may 

actually be breeding (Chapter Eight). In addition, not all mature adult penguins 

necessarily breed each year (Randall & Randall 1981, Randall et al. 1986b, Seddon 

et al. 1991, Whittington et al. 1996, Chapter Eight) and the peak count of breeding 

adults is thus likely to provide an underestimate of the size of the breeding 

population. 

 

This study describes the seasonality of moult of African Penguins in adult plumage 

in Namibia and compares this with results from South Africa (Underhill & Crawford 

1999). Information derived from banded penguins is used to examine the 

relationship between age and timing of moult of adult African Penguins in Namibia, 

the influence of breeding activities on the timing of moult, and whether the duration 

of the interval between successive moults varies with age. Given the difficulties of 

estimating the size of the breeding population belonging to a locality, an 

understanding of the factors determining adult moult phenology might provide the 
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means to separately estimate numbers of breeders and non-breeders within a 

population. 

 

Methods and Materials 
 

Moult seasonality 

 

Within this study, the most sensible biological definition of a year runs between the 

beginning of September of one year and the end of August the following year, 

because the fewest birds moult between July and September. Seasons are austral. 

 

Randall et al. (1986b) recommended a penguin monitoring protocol that involved 

counts of moulting penguins at two-weekly intervals; this basic protocol was put in 

place at the four main breeding localities in Namibia from the early 1990s. The 

rationale behind their protocol was that individual penguins took c. 14 days to pass 

through the feather-shedding phase of moult, and that the annual totals of the two-

weekly counts provided an estimate of the number of penguins associated with a 

locality, assuming that penguins moulted every year, and that penguins moulted at 

the locality at which they bred (or intended to breed). Counts of moulting penguins in 

adult plumage were made at two-week intervals until 31 August 2005. At Mercury 

Island counts were made weekly between 20 October 1991 and 17 May 1996, with a 

lack of data between 12 May 1993 and 11 March 1994. After May 1996, counts were 

done every two weeks. At Ichaboe Island, counts were made two-weekly from 19 

May 1992. Counts at Halifax and Possession Islands were made from 31 July 1996 

and 14 June 1996 respectively. Counts at Halifax Island during 1996 were irregular. 

For each island, actual counts were interpolated linearly to yield estimated daily 

numbers of moulting penguins for each day of the year, following Underhill & 

Crawford (1999). Daily totals were scaled by dividing by the sum of moulting 

penguins in each year and then averaged across years to establish an average 

seasonal moult pattern for each island. To estimate the total number of penguins 

associated with the locality, the sum of the estimated daily numbers needs to be 

divided by 12.7, the average duration of the feather-shedding phase of moult 

(Randall 1983, but see Chapter Eight), according to Randall et al.’s (1986b) protocol. 
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Adult moult patterns were described using Bhattacharya’s method (1967), which 

allows the splitting of composite distributions into separate normal distributions. This 

method is widely applied in fish stock assessment, where size-frequency 

distributions are used to distinguish cohorts in a sample (Sparre & Venema 1992). 

Gaussian curves were fitted to average seasonal moult patterns to define mean 

moult dates, provide a measure of synchrony (see Chapter Five) and to provide an 

estimate of the contribution of each component to the whole season. To allow 

comparison of adult moult seasonality with other localities for which it has been 

described, the number of penguins moulting in every half month and per month was 

calculated as a percentage of the total number of penguins moulting during that 

period. 

 

Age and timing of moult 

 

Between November 1986 and July 2001, 9 292 penguins were banded in Namibia. 

Of these, 8 327 penguins were banded as chicks, just prior to fledging, 467 were 

banded in juvenile plumage and 474 were banded as adults. Age at banding was not 

recorded for an additional 24 individuals. Penguins were banded at Mercury, 

Ichaboe and Possession Islands since 1986, and at Halifax Island since 1990. 

Methods to determine fledging date and age as well as definitions for adjustments 

for moult records to correspond to the mid-point of moult follow those described in 

Chapter Six. On average, these adjustments corresponded to 4.8 days (SD = 4.1 

days) per record (0.3% of the estimated age at moult). 

 

Additional records of 89 moulting birds of unknown age (those banded as juvenile or 

adult birds) were used to estimate the interval between breeding and moult and to 

calculate the length of the interval between two successive moults. 

 

A weighted moving average algorithm was used to smooth the scatterplot of age 

against date of moult, similar to that used by Summers et al. (1992) and originally 

devised by Cleveland (1979). The difference was that moult dates were expressed 

as vectors in a circle representing the year. Circular statistics (Davis 2002) were 

used to estimate the circular analogues of the mean and standard deviation of moult 

at each age. Suppose the ith observation was of a penguin aged yi years which 

commenced moult on the date (month and day) expressed as angle θi (date 

 115



converted to days since 1 September, and multiplied by 360/365 to express the date 

in degrees – each month then spans an arc of c. 30°). For each observation, 

calculate si = sin θi and ci = cos θi. To estimate the circular analogues of the 

weighted mean and weighted standard deviation of date of moult for penguins aged 

t years, wi = exp((yi–t)2)/W, where W = ∑exp((yi–t)2) was first calculated, and then S 

= ∑ si wi and C = ∑ ci wi. Then the mean date of moult for penguins aged t is given 

by φ= arctan(S/C), where the angle φ needs to be back-transformed to a date; the 

circular measure of dispersion is given by v=(1 – (S2 + C2)½) (Davis 2002). The 

circular measure of spread is close to zero if the moult dates at a given age are 

closely synchronized, and close to one if the moult dates at a given age are 

scattered randomly through the year. With this algorithm, the results are not 

dependent on the date chosen as the starting point of the year, in this case 1 

September. 

 

Similarly, circular statistics were used to compute the mean date of moult and its 

spread for age classes of penguins identified from the smoothed trajectory through 

the scatterplot.  

 

To calculate the interval between breeding and moult and the interval between moult 

and breeding, records of re-sightings of banded birds were examined. All 266 

records of birds observed breeding prior to and within a year of moult were used. 

Breeding records were adjusted to correspond to the estimated beginning of 

incubation. Average incubation period is 38 days (Williams & Cooper 1984), followed 

by an average of 83 days between hatching and fledging (Chapter Three). In the 

case of the 34 re-sighting records of breeding banded birds which formed part of 

monitored nests (see Chapter Three for details on monitoring protocol), egg-laying 

dates were known. For the other 232 breeding records, dates of egg-laying were 

back-estimated from time of first detection judged from the approximate age of the 

nest contents noted in the re-sighting record (Table 7.1): 

 

• 19 days were subtracted for incubation records (i.e. assuming mid-incubation at 

detection) 

• 43 days were subtracted for records of small downy chicks (aged between 1–10 

days after hatching) 
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• 53 days were subtracted for records of medium downy chicks (aged between 

11–20 days) 

• 68 days were subtracted for records of large downy chicks (aged between 21–40 

days) 

• 83 days were subtracted for records of ¼ shed chicks (aged between 41–50 

days) 

• 93 days were subtracted for records of ½ shed chicks (aged between 51–60 

days) 

• 103 days were subtracted for records of ¾ shed chicks (aged between 61–70 

days) 

• 118 days were subtracted for records of fully shed chicks (aged older than 70 

days) 

 

Re-sighting records of banded birds for which the description of nest contents was 

incomplete, were not included in the analysis of age at breeding. Five-number 

summaries are listed as: lower extreme, lower quartile, median, upper quartile, 

upper extreme. 

 

Interval between moults 

 

The interval between moults was calculated for all banded birds for which 

successive moults were recorded. For most of these the ages of the birds were 

known. 

 

Estimates of breeding population size from moult phenology 

 

Using data from banded penguins for which age and moult date were known, birds 

undergoing adult moult were classified as potential breeders (i.e. aged ≥ 5 years at 

moult) or pre-breeders (aged < 5 years at moult). In order to estimate the proportion 

of breeders moulting on any given date, a sine function was fitted. The modelling 

was done as a generalized linear model with a binomial distribution and logistic link 

function. This function was applied to daily totals of moulting birds in adult plumage 

at each of the four main breeding localities as well as for all four localities combined. 
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Results 
 
Moult seasonality 

 

Except at Possession Island, there was a clear bimodal moult pattern (Figures 7.1 

and 7.2), with a primary moult peak in autumn (April/May) and a secondary moult 

peak in midsummer (December/January) (Table 7.2). A few penguins moulted 

between July and September, so that there were birds moulting throughout the year. 

At Possession Island, the moult season was less clearly defined; a large proportion 

of birds moulted during winter. 

 

Summer and autumn peaks were fitted with Gaussian curves (Table 7.3, Figure 7.3). 

Curves fitted to autumn moult patterns had small standard deviations, indicating that 

autumn moult was synchronous. Those fitted to summer moult patterns had a large 

standard deviation, indicating less synchrony. A larger proportion of birds moulted in 

autumn at Mercury Island (0.44) than at Ichaboe (0.42) or Halifax (0.38) Islands. The 

magnitude of the summer peak in relation to the autumn peak was smallest at 

Mercury Island, intermediate at Ichaboe and Possession Islands and largest at 

Halifax Island. At Possession Island, fewer than half the penguins were observed to 

moult in summer and autumn. 

 

Age and timing of moult 

 

Between August 1992 and October 2003, 757 penguins banded as chicks at the four 

Namibian islands were later recorded during their second or subsequent moult, i.e. 

as penguins in adult plumage when moult commenced. Of these known-age 

penguins, 598 were recorded moulting once, 131 recorded twice, 23 recorded three 

times, five recorded four times and two recorded five times, a total of 959 moult 

records. Of birds banded in juvenile or adult plumage, 89 birds were subsequently 

recorded moulting. Of these, moult was recorded once in 72 individuals, twice in 13 

individuals, three times in one individual, four times in two individuals and five times 

in one individual. This yielded a total of 114 records. Observations of individuals 

moulting more than once were not necessarily made in successive years. The 

youngest age at which a bird was recorded to undergo its first adult moult was 1.8 

years at moult. The oldest bird recorded moulting was nearly 17 years old. 
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Young birds generally moulted earlier in the year than older birds (Figures 7.4a and 

7.4b). The circular dispersion of moult dates varied with age (Figure 7.4c). Birds 

aged two to three years showed little dispersion of moult dates (range = 0.21 to 

0.32). Dispersion increased to a maximum of 0.99 at age 4.8 years, indicating a 

random pattern of moult dates at this age. The dispersion then decreased to 0.17 at 

age 7.7 years, with secondary dispersion peaks of 0.74 and 0.49 at ages 6.05 years 

and 7.1 years respectively. Dispersion of moult dates in birds older than eight years 

remained small, ranging between 0.24 and 0.46. Minor dispersion peaks at ages 

greater than 10 years are attributable to small sample sizes. A total of 502 banded 

penguins younger than four years underwent adult moult; using circular statistics, 

their mean moult date was 8 January with circular dispersion of 0.38. Between the 

ages of four and six years, the mean moult date for 240 individuals was 8 April. 

However the circular dispersion was large, 0.84, indicating that the starting dates of 

moult for this age group were spread through the year. The mean moult date for 217 

penguins aged six years and older was 5 May, circular dispersion 0.37. Penguins 

aged five and six years, which were assumed to have recently reached sexual 

maturity, moulted later in the year (mean = 28 May, but with a relatively large circular 

dispersion of 0.73, n = 109) than penguins aged 10 years or older (mean = 2 May, 

with a relatively small circular dispersion of 0.36, n = 62). 

 

The interval between the estimated egg-laying date within 12 months of moult and 

the estimated date of start of moult was available for 135 penguins (five-number 

summary: 19, 161.5, 190, 229.5, 350), with a mean interval of 191 days (SD = 66) 

(Figure 7.5a). Ninety two birds (68%) which bred during the preceding 12 months, 

moulted between March and the end of May. For 131 penguins, the period between 

mid-moult and the beginning of egg-laying within 12 months of moult averaged 123 

days (SD = 60 days), (five-number summary: 22, 75, 111, 157.5, 350) (Figure 7.5b). 

Some 86 birds (66%) which bred during the 12 months following moult, moulted 

between March and the end of May. Additional, intermediary breeding attempts may 

have been missed; consequently, mean interval durations are likely to be 

overestimates. 

 

In a few cases, breeding was recorded during or just before moult in banded 

penguins (Figures 7.5a): Penguin V03492, aged nearly 11 years, incubated two 
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eggs while moulting (mid-moult on 22 July 1998). The outcome of the breeding 

attempt is unknown. The bird was subsequently recorded incubating on 28 July 1999 

and again on 30 July 2000.  

 

Penguin A01336, aged 3.3 years, moulted on 25 June 2001, while its partner was 

incubating. There is no subsequent record on the outcome of the breeding attempt. 

The bird was also recorded moulting in May 2000 and late June 2002. 

 

Penguin S16237, aged six years, was raising an approximately five week old chick 

while moulting. Mid-moult was on 1 February 2000. The chick fledged successfully 

(although underweight at 2.20 kg) in early March 2000. The adult was observed 

moulting the following year during May 2001.  

 

Penguin R00251, age unknown, was noticed on 27 March 2003 incubating eggs 

three weeks before being in mid-moult, when it should have been fattening up for 

moult. The breeding attempt was unsuccessful. 

 

Moult interval 

 

Some 117 individuals provided 137 records of moult intervals. The shortest interval 

between two moults recorded was 280 days. From this observed interval, (280×2)–1 

= 559 days is assumed to be the shortest possible interval in which a bird could 

moult for a second time. The longest possible moult interval was observed to be 557 

days. Records of moult intervals between 558 and 730 days (= two years) were 

assumed to have involved an unobserved moult and were not included; there were 

10 such observations. Mean moult interval was 366.9 days (SD = 49.2 days, median 

= 360 days, Q1 = 339.0 days, Q3 = 387.8 days) (Figure 7.6). The 17 moult intervals 

equalling or longer than 400 days were from birds younger than eight years, with 

long (> 480 days) and short moult intervals (< 315 days) confined to birds younger 

than 6.5 years (Figure 7.7); these records inflated the standard deviation. Table 7.4 

summarises mean moult intervals for birds recorded moulting in three and four 

successive years. One bird was recorded moulting in five successive years, with a 

mean interval between successive moults of 373 days (SD = 27.1 days), and a 

range of 344 to 401 days. 
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Moult dates for the seven individuals banded as chicks and the individual banded at 

age < 2 years, for which moult was recorded more than three times show that 

younger birds tended to moult earlier than older birds, but that there was some 

individual variation (Figure 7.8).  

 

Estimates of breeding population size from moult phenology 

 

The number of potential breeders and pre-breeders for which both age and calendar 

date of start of moult was known was 959. Based on this sample, the generalized 

linear model estimated that the logit of the proportion of potential breeders was 

 

y(θ) = –0.6297 – 1.939 sin θ + 0.367 cos θ, 

 

where θ is the day since 1 September converted to an angle between 0° and 360° 

(where the model accounted for 27.4% of the deviance, and the standard errors, t-

values, and P-values associated with the regression coefficients were 0.093, –6.77 

P<0.001 for the constant; 0.125, –15.5, P<0.001 for the sine term; and 0.124, 2.95, 

P=0.003 for the cosine term). The estimated proportion of potential breeders, p, is 

then given by  

 

p = exp(y(θ))/(1+exp(y(θ))). 

 

Applying this equation to the seasonal moult pattern of each of the four islands, the 

estimated proportion of penguins aged ≥ 5 years ranged from 0.27 (Halifax Island 

2004) to 0.56 (Possession Island 2000). On average, between 37% and 48% of the 

adult penguin population in Namibia was estimated to be five years or older (Table 

7.5). 

 

Discussion 
 

Moult seasonality 

 

In Namibia, the moult season of penguins in adult plumage was bimodal, with a 

primary moult peak during autumn and a secondary peak during summer, at the 

same time as the juvenile moult peak (Chapter Five). The timing and synchrony of 

 121



moult varied slightly between islands and years, with the moult season at 

Possession Island being less clearly defined than at the other three islands.  

 

Moult season patterns in Namibia differed from those in South Africa. At all South 

African breeding localities for which data are available, moult of adult penguins is 

monomodal, well synchronized and generally coincides with juvenile moult. At 

Robben Island, approximately 25% of adult penguins moult during the first half of 

December (Underhill & Crawford 1999, Hemming 2001). Peak moult is between 

November and January at Dassen Island (Wolfaardt & Nel 2003), with nearly 30% of 

adult penguins moulting during December (Crawford et al. 2006b), while 30% of 

birds moult at the Lambert’s Bay islands about a month earlier (Wilson 1985, 

Crawford et al. 2006b). At St Croix Island, peak moult is during November (Randall 

& Randall 1981, Randall 1989), at Dassen Island between August and November 

(Cooper 1978, Wolfaardt & Nel 2003), at The Boulders in late November to 

December (Hemming 2001, Hockey et al. 2005) and at Stony Point in late November 

(Hemming 2001). 

 

Age and timing of moult 

 

In Namibia, adult penguins younger than four years moult in early January, at the 

same time as juvenile penguins, i.e. first-time moulters (Kemper & Roux 2005, 

Chapter Six). Birds older than six years moult, on average, in early May, a difference 

of four months later. For birds between four and six years, moult tends to be either 

early, in the January peak with the juvenile penguins, or late, in the May peak with 

the breeding adults. These are likely to be individuals making the transition from 

non-breeder to breeder. However, while younger birds tend to moult earlier than 

older birds, there is individual variation, which cannot be explained only by age. 

 

The high energy demands during moult are thought to be incompatible with those of 

chick-rearing (Payne 1972), and moult in penguins therefore takes place during the 

non-breeding phase (Boersma 1975, Randall & Randall 1981, Dann et al. 1992). 

African Penguins breed in South Africa throughout the year, even though there is a 

distinct austral winter peak (Randall & Randall 1981, Wilson 1985, La Cock et al. 

1987, Crawford et al. 1995c, Whittington et al. 1996, Murison 1998, Wolfaardt & Nel 

2003). This is also the case in Namibia, with a wave of egg-laying during late June 
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and July, followed by a second wave during October and November (Chapters Two 

and Three). Successful chicks from the second wave fledge during January and 

February, extending into March (Chapter Three). Taking a pre- and post-moult 

fattening period at sea of approximately 30–40 days each into account (Randall & 

Randall 1981, Randall 1989), this leaves a relatively narrow window (April and May) 

for breeding birds to moult in before the beginning of the next breeding wave. Here, 

the majority of birds, which had been recorded breeding during the 12 months 

preceding and following moult, moulted between March and May. 

 

Birds moulting earlier than 150 days after egg-laying were most likely to be failed 

breeders, because a successful breeding attempt takes approximately 120 days 

(Chapter Three) and an additional 30 to 40 days to fatten up for moult (Randall & 

Randall 1981, Randall 1989). Long intervals between egg-laying and moult may 

indicate that a subsequent breeding attempt (replacement clutch after nest/chick 

loss or second clutch after a successful first breeding attempt) was not recorded 

before moult. Randall & Randall (1981) found that long moult intervals of up to 444 

days at St Croix Island were the result of extended breeding activities, where 

individuals would delay moult until the chicks had fledged. In that case, moult the 

following year was at the usual time, resulting in moult intervals as short as 269 

days. 

 

Penguins aged five years, and thus considered young breeders, moulted on average 

24 days later than experienced breeders aged ten years or older. One might expect 

a tendency for young breeders to moult later than old breeders. Young and 

inexperienced breeders may take longer to start their breeding attempt or to fledge 

their chicks (Coulson 1966, Brooke 1978, Nisbet 1983, de Forest & Gaston 1996, 

Daunt et al. 2001). They could be more likely to experience breeding failure 

(Pugesek & Diem 1983, Dann & Cullen 1990, Daunt et al. 2001) and might therefore 

be more likely to lay replacement clutches. 

 

Despite a protracted breeding season, moult of juvenile penguins in Namibia is well 

synchronized, with a distinct moult peak in mid-summer (Chapters Five and Six). 

Like juvenile birds, sexually immature birds (and possibly sexually mature birds 

which may not have bred during the preceding year) moult mostly in summer, 

possibly as a result of photoperiodic response in the absence of other constraints 
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(Lofts & Murton 1968, Vaucoulon et al. 1985, Scholten 1989, Otsuka et al. 2004). 

Summer breeding in Namibia forces breeders to delay their moult until autumn, 

when they are no longer constrained by summer breeding activities. In the Western 

Cape, South Africa, peak breeding is primarily during autumn and winter (Cooper 

1978, Randall & Randall 1981, Shelton et al. 1984, La Cock et al. 1987, Crawford et 

al. 1995b, 2006b, Whittington et al. 1996, Murison 1998, Wolfaardt & Nel 2003). At 

St Croix Island in the Eastern Cape, breeding starts in summer, but after the end of 

moult (Randall & Randall 1981). Thus, winter breeding allows most birds to moult 

during summer there. 

 

Evidence of deferred moult due to breeding has been recorded for Magellanic 

Penguins Spheniscus magellanicus, with breeders moulting during March and April 

after fledging their chicks (Stokes et al. 1998). Adult Humboldt Penguins S. 

humboldti in Chile moult in February after fledging chicks in January, about a month 

later than juvenile penguins (Simeone et al. 2002). Non-breeding Galapagos 

Penguins S. mendiculus moulted before breeding adults when food was plentiful 

(Boersma 1977). Reilly and Balmford (1975) recounted a Little Penguin moulting late 

at Phillip Island, Australia, after having twice bred successfully in that season. 

 

An overlap in breeding season and optimal moult season could potentially lead to 

lower breeding success. Second clutches and replacement clutches will have a 

lower chance of being successful if the parent is already delaying moult. In Namibia, 

a moulting penguin simultaneously incubating eggs or raising chicks is infrequent but 

possibly more common than in South Africa (A.J. Williams pers. comm.). Since 

moulting birds are not able to feed and live off their fat reserves, it is unlikely that a 

simultaneous breeding attempt will be successful. Moreover, the survival of the 

moulting bird may become compromised if it has not sufficient time to fatten up 

between its previous breeding attempt and moult. 

 

Interval between moults 

 

The mean interval between successive moults calculated for African Penguins at St 

Croix Island, South Africa was 368.3 days (SD = 24.5, n = 152) (Randall & Randall 

1981). In contrast, Cooper (1978, 1980) calculated 321 days (30, 11) for penguins at 

Dassen Island. Cooper (1978) concluded that African Penguins do not have an 
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annual moult cycle, but conceded that the general peak moult for the study colony at 

Dassen Island, South Africa, in 1972 was nearly two months earlier than that of the 

previous year. These results agree with those of Randall & Randall (1981), with the 

average moult interval almost exactly one year. The longest moult interval recorded 

by Randall & Randall (1981) was 444 days (from a sample of 152) and that found by 

Cooper (1978) was 362 days (11). Feather wear appears to be a factor limiting the 

moult interval in juvenile penguins, with a maximum moult interval of 613 days after 

fledging recorded in banded juvenile African Penguins in Namibia (Kemper & Roux 

2005, Chapter Six). It is therefore possible that the maximum moult interval of 559 

days imposed on this data set caused some particularly long consecutive moult 

intervals to be missed here. 

 

Moult intervals may range widely for individuals. If young (non-breeding) birds moult 

at a different time from older (breeding) birds, it would suggest that during the 

transition from non-breeder to breeder, moult intervals would change and either 

become shorter or (more likely) longer. The transition direction and whether this 

happens in a step-wise or a gradual manner is uncertain, and might depend on the 

individual or be dictated by environmental conditions. A wide range of consecutive 

moult intervals was also observed in an individual Laughing Dove Streptopelia 

senegalensis for which primary moult was recorded on eight consecutive occasions 

(Underhill & Underhill 1997). This variability was not attributed to previous breeding 

success and timing of breeding, but rather to food availability and demonstrated the 

plasticity of the circannual moult cycle. In African Penguins, the timing of moult in 

successive years also appears to be flexible; the role of age- or environment-related 

variability versus individual variability in determining the timing of moult needs to be 

investigated further. 

 
Estimates of breeding population size from moult phenology 

 

The phenology of the moult season of penguins in adult plumage in Namibia 

appears to be made up of a combination of non-breeding penguins moulting during 

summer, and breeding birds moulting during autumn. A bird which is sexually mature 

may not breed for a number of reasons, including adverse feeding conditions 

(Boersma 1978, 1998, Boersma et al. 1990, Crawford 2003, Cuthbert et al. 2003), 

the loss of a partner (Giese et al. 2000), or physiological damage after oiling 
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(Wolfaardt & Nel 2003). The lack of synchrony of summer-moulting individuals 

suggests that these include birds too young to breed, breeders which have not bred 

that year, failed breeders or those which have breed successfully early and have not 

bred a second time in the season. By contrast, autumn moult was generally highly 

synchronized and suggests that this mainly includes birds which were breeding in 

mid-summer and were therefore forced to delay moult.  

 

Breeding activities may not be synchronized at a particular breeding locality, for 

example at Halifax Island, where breeding activities at island scale were less 

synchronized than at colony scale (Chapter Two). If individuals moulting in autumn 

are breeders delaying moult, moult synchrony patterns at a locality may be a 

reflection of breeding synchrony patterns. This trend has been observed at Halifax 

Island (pers. obs), where individuals from a particular colony moult at the same time. 

Differences in the timing of moult between colonies could not, however, be 

quantified here, since many penguins tend to moult away from the breeding 

colonies, usually at the landing beaches. This is particularly the case on hot days. 

 

Mercury Island has a higher proportion of autumn-moulting penguins than Ichaboe 

or Halifax Islands, implying either a higher proportion of breeding birds there, or a 

high proportion of birds breeding elsewhere and moulting at Mercury Island. The 

adult moult season at Possession Island differs from that at the other three islands 

by having a less clearly defined bimodal pattern and a relatively poor model fit. 

Although there is a distinct autumn peak, there is no clear summer peak and a high 

proportion of winter- and spring-moulting birds. This may indicate that seasonality of 

moult has collapsed at Possession Island, where numbers of penguins have 

declined dramatically over the last 50 years (Chapter Eight, Appendix 1.9), or that it 

is highly variable and possibly dictated by local (feeding) conditions. Alternatively, 

because penguins are forced to moult and breed at different times and breeding 

activities influence the timing of moult, poorly synchronized adult moult at 

Possession Island may be the result of highly variable breeding activities there 

(Chapter Three).  

 

The proportion of penguins estimated from banded individuals to be five years or 

older is similar to that estimated by the proportion of penguins moulting in autumn. 

Possession Island is an exception; there the estimated proportion of birds aged five 
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or older is far higher than the (modelled) proportion of birds moulting during autumn. 

However, model fit at Possession Island, where breeding is less seasonal than at 

the other three islands, is poor and the modelled proportion of autumn-moulting birds 

therefore clearly an underestimate. Proportions calculated from an age structure 

(Chapter Eight) were higher. It is likely that estimates based on adult moult 

phenology are underestimates, and that penguins of breeding age but moulting in 

spring, summer or winter account for these discrepancies. 

 

Proportionally few juvenile penguins moult at Possession Island (Chapter Eight), 

suggesting the presence of few young birds at the island. Breeding success at 

Possession Island was found to be high compared to that at the other three breeding 

localities in Namibia (Chapter Three); this was thought to be a possible indication of 

an older, experienced breeding population there. The poorly defined summer moult 

peak and the high proportion of adults moulting in autumn at Possession Island lend 

support to this hypothesis. Conversely, the comparatively small proportion of 

penguins moulting in autumn at Halifax Island, supports findings in Chapter Three, 

where the poor breeding performance was partially attributed to a relatively young, 

inexperienced breeding population there. The adult population growth observed at 

Halifax Island (Chapter Eight) could therefore be due to an influx of young adults. 

Estimates of the proportion of penguins estimated to be five years or older derived 

from banding and recapture records and moult phenology here were lower than 

those derived from an age structure constructed for the region (Chapter Eight). This 

could be due to potential breeders deferring breeding. If a penguin of breeding age 

does not breed, it could moult during mid-summer, at the same time as young birds. 

In that case, estimates of the potential breeding population from moult phenology 

would underestimate the proportion of potential breeders in the population. The 

discrepancy could be an indication that a low proportion of potential breeders in the 

population actually breed. 

 

The proportion of breeders to non-breeders reflects a mix of recruitment, mortality 

and breeding conditions for a given year, and will not be constant. These results 

provide the means of using moult counts to estimate numbers of penguins of 

breeding age in a population. However, the proportion of potential breeders deferring 

breeding needs to be ascertained to ensure accurate estimates. 
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Table 7.1: Adjustments made to breeding records of banded African Penguins in 
Namibia, where date of egg-laying was not known. For nests with two chicks, the 
breeding stage of the older chick was used for the adjustment. Date of egg-laying was 
known for an additional 34 (12.78%) breeding records (Chapter Three). 
 

Observed 
breeding 

stage 
Number of cases 
(% of all cases) 

Estimated age (days)  
since beginning of 

incubation 
No. of days 

backdated per record 

Incubation 151 (56.77) 1–38 19 
Small downy 

chick 22 (8.27) 39–48 43 

Medium 
downy chick 15 (5.64) 49–58 53 

Large downy 
chick 14 (5.26) 59–78 68 

¼ shed chick 1 (0.38) 79–88 83 
½ shed chick 3 (1.13) 89–98 93 
¾ shed chick 6 (2.26) 99–108 103 

Fully shed 
chick 20 (7.51) 109–128 118 

Total 232 (87.22)   
 
 
 
 
Table 7.2: Average peak half month or month of moult (% contribution to annual total) of 
African Penguins in adult plumage at the four main breeding localities in Namibia. FH = 
first half, SH = second half.  
 
Period  Mercury Ichaboe Halifax Possession 
      

Half month Summer SH December 
(5.05%) 

SH December 
(5.30%) 

FH January 
(6.44%) 

SH December 
(5.00%) 

 Autumn FH May 
(13.54%) 

FH May 
(9.53%) 

SH April 
(9.88%) 

FH May 
(7.04%) 

      

Month Summer January 
(9.60%) 

January 
(9.84%) 

January 
(12.43%) 

December 
(8.72%) 

 Autumn May 
(22.63%) 

May 
(17.69%) 

April 
(17.79%) 

May 
(13.17%) 

 
 
 
 



Table 7.3: Summary of observed and modelled parameters (using Bhattacharya’s method) describing adult moult seasonality of 
African Penguins at the four main breeding localities in Namibia. 

 
Curve   Mercury Ichaboe Halifax Possession 
 Years  1994-2004 1992-2004 1997-2004 1996-2004 
Summer Observed 29 December 31 January 10 January 22 December 
 

mean moult date 
Modelled (SD) 12 January (54.9) 9 January (66.6) 4 January (53.2) 25 December (32.1) 

       
 Proportion of observed total  0.42 0.55 0.56 0.22 
       
Autumn mean moult date Observed 5 May 30 April 30 April 4 May 
  Modelled (SD) 5 May (16.1) 7 May (25.0) 25 April (24.2) 4 May (15.8) 
       
 Proportion of observed total  0.44 0.42 0.38 0.21 
       
Total Proportion of observed total  0.86 0.97 0.94 0.43 
 Measure of fit   0.93 0.93 0.93 0.28 
       

 Ratio of summer to autumn 
peak heights  

Observed 
Modelled 

0.31 
0.28 

0.51 
0.49 

0.71 
0.67 

0.54 
0.50 
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Table 7.4: Interval between successive moult events for 14 African Penguin 
individuals in Namibia. 
 
No. successive years  n Interval (days) 
  Mean SD Range Median 

3 11 358 32.7 308–396 365 
4 3 370 16.8 350–380 380 

 
 
 
 
 
Table 7.5: Proportion of African Penguins aged five years or older at the four main 
breeding localities in Namibia and for the four localities combined, estimated from 
observed seasonal moult patterns derived from moult counts. Daily proportions of 
moulting birds aged five years or older were derived from banded individuals in adult 
plumage recorded moulting.  
 

Year Mercury Ichaboe Halifax Possession Four Islands 
combined 

      
1992  0.34    
1993  0.38    
1994 0.46 0.42    
1995 0.51 0.50    
1996 0.45 0.49 0.43 0.34 0.45 
1997 0.46 0.44 0.44 0.32 0.44 
1998 0.47 0.49 0.34 0.45 0.46 
1999 0.45 0.44 0.38 0.49 0.44 
2000 0.48 0.50 0.39 0.56 0.48 
2001 0.51 0.45 0.38 0.52 0.47 
2002 0.53 0.47 0.40 0.54 0.49 
2003 0.50 0.37 0.34 0.45 0.44 
2004 0.46 0.31 0.27 0.39 0.38 

Average 0.48 0.43 0.37 0.44 0.45 
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Figure 7.1: Time series of the number of moulting African Penguins in adult 
plumage at the four main breeding localities in Namibia; (a) Mercury (b) Ichaboe (c) 
Halifax, and (d) Possession Islands. 
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Figure 7.2: Standardised, average seasonal moult patterns of African Penguins in 
adult plumage (solid line) and associated coefficients of variation (dashed line) at 
the four main breeding localities in Namibia; (a) Mercury, (b) Ichaboe, (c) Halifax 
and (d) Possession Islands. 
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Figure 7.3: Gaussian curves fitted to describe standardised, average seasonal 
moult patterns of African Penguins in adult plumage at the four main breeding 
localities in Namibia. Graphs on the left show smoothed observed and modelled 
moult patterns; graphs on the right show how modelled patterns were derived from 
splitting composite distributions into separate normal distributions. Observed moult 
patterns come from Figure 7.2. 
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Figure 7.4: Relationship between age and date of moult of African Penguins in 
adult plumage in Namibia using (a) moult records derived from banded individuals, 
(b) mean moult date calculated from moult records from banded individuals and (c) 
dispersion (see text). The year runs from 1 September to 31 August. 
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Figure 7.5: Intervals between (a) observed egg-laying and moult and (b) moult and 
observed egg-laying within 12 months of moult of banded African Penguins in 
Namibia. Open circles represent individuals moulting while breeding (see text for 
details). Dotted line shows interval limit below which it is unlikely for a breeding 
attempt to be successful before moult. 
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Figure 7.6: Frequency distribution of consecutive moult intervals of African 
Penguins in adult plumage derived from banded individuals in Namibia. 
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Figure 7.7: Relationship between age at successive moult and the length of the 
moult interval from records of banded adult African Penguins in Namibia. 
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Figure 7.8: Individual moult histories of African Penguins banded as chicks in 
Namibia, which were subsequently recorded moulting four or more times. Moult was 
not necessarily observed in successive years. 
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The African Penguin Spheniscus demersus in Namibia: 
population estimates, trends, recruitment, adult survival and age 

structure from moult and nest counts 
 
Introduction 
 

The breeding range of African Penguins Spheniscus demersus can be divided into 

three breeding centres: Eastern Cape (Algoa Bay), Western Cape and Namibia (see 

Chapter One, Figure 1.1). At the start of the 21st century, the African Penguins in 

Namibia bred on nine islands and two mainland sites (Chapter One). Banding studies 

have shown that there is some movement, particularly of young birds, between 

localities within Namibia (Whittington et al. 2005a, Chapters Six and Nine). However, 

emigration of young birds from Namibia to South Africa is less common (Whittington et 

al. 2005b, Chapter Nine), and permanent immigration from South Africa to Namibia is 

rare (Whittington et al. 2005b). Namibia can therefore be considered as supporting a 

discrete regional population of African Penguins. 

 

Early reports speak of hundreds of thousands of penguins breeding at a number of 

islands in Namibia (Chapter One, Appendices 1.1–1.11). In the 1950s, when the first 

comprehensive surveys of penguin populations were done, Namibia supported 

c. 100 000 adult penguins (Rand 1963, Crawford et al. 1995b, Appendices 1.1–

1.11), about one third of the total population of the species at this time (Crawford et 

al. 1995b). This is the earliest available population estimate, and probably already 

represented a major decline from the middle of the 19th century (e.g. Eden 1846, 

Shaughnessy 1984, Shelton et al. 1984). During the second half of the 20th century, 

the Namibian population declined by c. 72% (Kemper et al. 2001) and by the early 

1990s only Mercury and Ichaboe Islands supported more than 1 000 breeding pairs 

(Crawford et al. 1995b).  

 

The wind-driven Lüderitz upwelling cell constitutes an oceanographic barrier to most 

pelagic fish stocks (Boyer & Hampton 2001). This, together with the high variability 

of the northern Benguela marine ecosystem (Roux 2003) and the resulting effect on 

food abundance and distribution as well as the depleted status on the main 

commercial pelagic fish stocks are thought to be the major factors in explaining 
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differences in penguin population trends between Namibia and South Africa 

(Kemper et al. 2001). 

 

African Penguins in Namibia breed throughout the year (Chapters Two, Three and 

Six). After fledging, they spend most of their time at sea until they return to land to 

moult, aged 12 to 23 months (Kemper & Roux 2005, Chapter Six), when they moult 

into adult plumage for the first time. After this juvenile moult, they are 

indistinguishable from adults but are not necessarily sexually mature. Age at first 

breeding averages five years and ranges between two and eight years (Crawford et 

al. 1999, Whittington et al. 2005c). Moult in the adult African Penguin takes place 

annually (Randall & Randall 1981, Chapter Seven). Serial moult counts can 

therefore be used to estimate the population size of birds in adult plumage each 

year (Randall et al. 1986b, Crawford & Boonstra 1994, Crawford et al. 1999, 2000, 

Kemper et al. 2001). Counts of juvenile moulting penguins can be used as a 

measure of recruitment into the adult population. Because a population of adult 

African Penguins will include non-breeders, peak counts of active nests have been 

used extensively to estimate the proportion of breeding adults in a population 

(Shelton et al. 1984, Crawford et al. 1990, 1995b, 1995c, 2001, Crawford & 

Boonstra 1994, Kemper et al. 2001). 

 

Previous estimates of population size and trends of African Penguins in Namibia 

had been obtained from an array of methods, including aerial censuses and ground 

counts. These differed between localities and were done at different times of the 

year. Ground counts had been undertaken using a variety of sampling units, 

including total head counts of individuals or of separate age classes (adult, juvenile, 

chick), moult counts, active nests (containing eggs or chicks), nest sites (including 

nests containing fresh nesting material or defended by an adult) and extrapolations 

from partial nest counts (see Appendices 1.1–1.11 and references therein). This 

raises the question whether methods are comparable and how data should be 

combined to calculate population trends. 

 

In this chapter, population estimates and trends of penguins in adult plumage using 

moult counts as well as of breeding populations from counts of active nests at peak 

breeding are presented for the period spanning the early to mid 1990s to 2004. These 

are given for the four most important breeding localities in Namibia. In addition, 
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numbers of juvenile penguins recruiting into the adult population are estimated and the 

role of environmental variability in explaining population trends is explored. Using 

population estimates and annual observed adult survival rates, an age structure is 

developed. Lastly, the usefulness of different census methods is discussed. 

 

Methods 
 

Population estimates, trends, annual survival and age structure 

 

The four breeding localities (Mercury, Ichaboe, Halifax and Possession Islands) for 

which serial two-weekly moult counts and monthly active nest counts are available, 

account for c. 96% of the Namibian population (Crawford et al. 1995b, Kemper et al. 

2001). Other penguin breeding localities in Namibia are difficult to access, and were 

visited and surveyed opportunistically, so that detailed studies are not feasible. These 

localities are not included in the analyses of trends. Counts for these localities, as well 

as historical counts for the four main breeding localities, are listed in Appendices 1.1–

1.11. 

 

Annual estimates of numbers of penguins in juvenile and adult plumage were 

calculated from moult counts. Counts, obtained using the method described by 

Randall et al. (1986b), were interpolated linearly between actual counts to calculate 

daily numbers of moulting birds (Underhill & Crawford 1999). Daily estimates were 

summed for each year from September to August because the fewest birds moult 

between July and September (Chapters Five and Seven). This total was divided by 

12.7, the average duration of the feather-shedding phase of moult previously 

calculated for 45 individuals (Randall 1983), to estimate the number of penguins 

which moulted (Underhill & Crawford 1999). In addition, the average duration of the 

feather-shedding phase, defined as lasting from the day when the first feather is lost 

to the day when the last feather is lost, was calculated for birds which had moulted 

at the Lüderitz Seabird Rehabilitation Centre while undergoing rehabilitation. 

Because juvenile penguins do not necessarily moult at their natal locality (Chapter 

Six), trends for this age class are only reported for the four islands combined.  

 

Counts of active nests (i.e. those containing eggs or chicks) were conducted 

monthly at Mercury (since 1994), Ichaboe (since 1992) and Halifax Islands (since 
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1996) and every two weeks at Possession Island (since 1996). Counts done 

between 1990 and 1993 at Mercury Island, in 1990 at Ichaboe Island and between 

1990 and 1995 at Halifax and Possession Islands were single annual counts, made 

as close as feasible to the peak of the breeding season. Data for 1991 are lacking 

for all four islands. Where multiple counts were available, the largest active nest 

count between May and April of the next year was used as an indication of the 

breeding population trend at each island. Estimates obtained from peak active nests 

assume that breeding synchrony at a particular locality is high and that it does not 

vary over time, producing comparable annual estimates and reliable trends.  

 

Exponential curves were fitted by least-squares regression to estimate population 

trends based on moult and nest counts at each of the four islands as well as for all 

islands combined. The observed exponential rate population change was expressed 

as a percentage, r , following the notation of Caughley (1980). 

 

Additional counts of active nests (Rand 1963, Shelton et al. 1984, Crawford et al. 

1990, 1995b) are summarized in Appendices 1.11–1.11. These were used to 

calculate long-term trends for the Namibian penguin population. Counts from 1956 

and 1967 were based on aerial surveys, while later counts were from ground 

surveys and may include active nest sites, i.e. nests which are empty but have an 

adult defending it or contain evidence of nesting material. Population trends based 

on breeding population estimates for 1956–1990 were calculated in addition to 

1956–2004 trends because of differences in census methods after 1990. 

 

The number of juvenile penguins moulting into adult plumage provided an estimate 

of the recruitment of penguins into the adult population each year. The annual 

survival rate of penguins in adult plumage between successive years was estimated 

as the ratio of the number of adult penguins in one year to the sum of adult and 

juvenile penguins of the previous year. 

 

Chapter Six examined the age at which juvenile African Penguins moult into their first 

adult plumage in Namibia, and showed that on any given date within the moult period, 

mainly spring and summer, juvenile penguins which had fledged 12–23 months 

previously were found to be in moult. However the pattern was not random, and birds 

which moulted early in the moult period tended to be older birds (skippers, age greater 
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than 572 days) and those that moulted late tended to be younger birds (squeezers, 

age less than 572 days; see Chapter Six for detailed definitions of skippers and 

squeezers). Using data derived from African Penguins banded in Namibia for which 

fledging dates and moult dates were known, moulting birds were classified as 

squeezers or skippers. A generalized linear model, using the logistic distribution and a 

logit link function was fitted, to estimate the proportion of squeezers on any given date. 

This function was applied to daily totals of juvenile moulting birds for all four breeding 

localities combined. The proportion of juvenile African Penguins fledged in the region 

during the previous year was calculated for the period 1996–2004. 

 

Upwelling index 

 

The four main penguin breeding localities in Namibia are situated within the Lüderitz 

upwelling cell of the northern Benguela marine ecosystem (Chapter One), the most 

intense centre of upwelling in the Benguela system, if not in the world (Shannon 1985, 

Bakun & Nelson 1991). A wind driven coastal upwelling index was derived from wind 

measurements using the Ekman transport model (Open University 1989). Ekman 

transport is the equilibrium balance between the Coriolis force induced by the Earth’s 

rotation and the force transferring energy from the wind to the ocean’s upper layers, 

also called wind stress (Bakun 1996). The wind stress, τ, has been found empirically 

to be approximately proportional to the square of wind speed: 

 

τ = c×V2. 

 

Although c is not a constant, being the product of air density above the sea surface 

and a drag coefficient which varies with the sea-surface roughness and turbulence, its 

variations are small in comparison with wind speed.  

 

The resultant water transport from the Ekman model is a net movement of a layer of 

water from the surface to the depth of frictional influence of the wind (also called the 

Ekman layer which is about 50m deep at the Lüderitz latitude) at right angle (and to 

the left in the southern hemisphere) of the wind direction. Near Lüderitz where the 

coast is oriented north - south, an equatorward wind stress from the predominant 

southerly wind (i.e. parallel to the coastline) will result in an offshore transport of the 

Ekman surface layer, thus creating a divergence. At equilibrium, the volume of water 

 143



displaced offshore gives a direct measure of the volume of water upwelled at the 

coastal divergence, which integrated for the depth of the Ekman layer per unit of time 

and unit of length of coast is of the form: 

 

τ = 2×Ώ×sinΦ, 

 

with τ = wind stress component parallel to the coast, Ώ = angular velocity of the Earth 

and Φ the latitude. The unit of this expression is kg.s-1.m-1 

 

This model of upwelling has been used in the region to estimate upwelling from wind 

measurements (Johnson & Noli 1998, Johnson & Nelson 1999) under the assumption 

of steady state, the absence of the influence of shelf waves and offshore wind curl. 

Since the Ekman transport is the predominant upwelling mechanism in the region and 

particularly near Lüderitz, these assumptions are reasonable. As can be noted in the 

equations above, for a single location (therefore at a single latitude) this estimate of 

upwelling is proportional to the square of the speed of the component of the wind 

parallel to the coast and the latter can therefore be used as a simple coastal upwelling 

index derived from time series of wind speed and direction to investigate the temporal 

variability of upwelling at that location. A time series of this index has been compiled 

from 46 years of 3 daily wind speed and direction measurements at the Lüderitz 

Lighthouse and is used here as an upwelling index of the Lüderitz upwelling cell 

(Peard in prep.). Daily averages of the longshore component of the wind were 

calculated and squared. Positive values were given for the southerly (upwelling 

favourable) direction and negative for the northerly (downwelling favourable) direction, 

therefore this index is a net upwelling index (upwelling – downwelling). These daily 

values were averaged over a calendar year from 1 September to 31 August the 

following year to represent the upwelling season experienced by juvenile African 

Penguins during their first year at sea and to embrace an entire upwelling season. The 

effect of upwelling intensity was tested on the number of juvenile penguins recruiting 

into the adult population as well as on numbers of adults, numbers of active nests at 

peak breeding and observed annual adult survival. 

 

Results 
 

Population estimates and trends 
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Birds in adult plumage 

Population estimates of birds in juvenile and adult plumage and number of active 

nests at peak breeding for each of the four breeding localities and for all four localities 

combined are listed in Tables 8.1–8.3 and regression details in Table 8.4. Population 

trends are shown in Figures 8.1–8.4. Only statistically significant trends are reported.  

 

Based on moult counts, the population of adult penguins at the four most important 

breeding localities in Namibia showed an exponential rate of decrease ( r ) of 2.4% 

per year between 1996 and 2004, a decrease of c. 5 600 birds (Figure 8.1a). 

Numbers of adult individuals were particularly low during 1998. Mercury Island 

supported the largest number of penguins (Figure 8.1b). The adult population 

increased sharply at Mercury Island between the early 1990s and 1996, but has 

subsequently declined at a rate of 3.7% per annum. Ichaboe Island had the second-

largest penguin population in Namibia (Figure 8.1c). The population there remained 

relatively stable during the early 1990s; since 1995 it has decreased. Between 1995 

and 2004, adult penguin numbers decreased by nearly 40% at 3.7% per year. The 

decrease was most notable between 1995 and 1997. The population at Halifax 

Island increased between 1996 and 2004 (Figure 8.1d), at a rate of 8.9% per year. 

In contrast, numbers of penguins on Possession Island steadily declined during the 

same period at a rate of 8.0% per year (Figure 8.1e). 

 

Annual recruitment 

The number of juvenile penguins moulting into adult plumage was used as an 

estimate of annual recruitment into the adult population. Between 1996 and 2004, 

recruitment at the four islands into the adult population varied between 3 500 and 

5 500 birds per year (Figure 8.2a). There was no significant trend during this period. 

On average, 4 737 juvenile penguins entered the adult population at these four islands 

each year. Combined estimates of adult and juvenile individuals for the years 1996 to 

2004 show that the total penguin population at the four islands decreased at 2.4% per 

year (Figure 8.2b). The regression trend slopes produced for adult individuals and the 

combined estimates of adult and juvenile individuals did not differ significantly. No 

significant relationships were found between the number of recruits and the numbers 

of adult birds lagged by one to four years earlier. 
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The overall average contribution of juvenile penguins to the total population, at the 

point of moult into the adult population was 15.1% (SD = 1.9%). The percentage of 

juvenile penguins, excluding chicks, was 15.3% (3.1%) at Mercury Island, 16.7% 

(3.7%) at Ichaboe Island, 12.1% (3.9%) at Halifax Island and 6.8% (1.8%) at 

Possession Island. The proportion of juvenile penguins moulting into adult plumage at 

Possession Island was significantly lower than that at the other three islands (χ2
3  = 

127.8, P < 0.001). 

 

Active nests at peak breeding 

Between 1956 and 1990, the number of peak active nests at the four main breeding 

localities decreased at an observed exponential rate of 5.6% per year; between 1956 

and 2004, numbers declined at 3.0% per year (Table 8.4, Figure 8.3a and 8.3b) 

However, trends calculated between 1956 and 2004 must be viewed with caution as 

few counts are available after 1956 until 1990. This biases the trend towards counts 

done after 1990. Between 1990 and 2004, the total number of active nests at peak 

breeding at the four islands fluctuated between a maximum of 7 781 nests in 1993 and 

a minimum of 4 015 nests in 2004 (Figure 8.4a). Since 1990, numbers of peak annual 

active nests decreased by 2.5% per year. Trend slopes did not differ between total 

number of peak active nests and total number of individuals in adult plumage for the 

years 1996 to 2004. There was no significant relationship between the total number of 

recruits and the number of active nests at peak breeding lagged by one to four years 

before. In 2004, the other breeding localities in Namibia supplied about 180 to 250 

additional active nests (Appendices 1.2, 1.4, 1.10 and 1.11); these contributed 

between 3.3% and 4.5% to the total population. 

 

At Mercury Island, numbers of active nests at peak breeding dropped by 42.1% 

between 1993 and 1994 (Figure 8.4b). Numbers then increased between 1994 and 

1999 at 7.5% per year. Between 2002 and 2004, peak annual nest counts have 

dropped by 41.2%. At Ichaboe Island, numbers of active nests at peak breeding 

increased in the early 1990s, and declined after 1994 at 7.3% per year (Figure 8.4c). 

This trend was not significant. The number of active nests at peak breeding during 

2004 was the lowest count between 1990 and 2004. Peak numbers of active nests at 

Halifax Island decreased until the mid-1990s but increased at 5.1% per year since 

1996 (Figure 8.4d). At Possession Island, numbers decreased steadily between 1990 

and 2004 at a rate of 4.9% per year (Figure 8.4e).  
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Trend patterns of adult individuals and active nests appeared to be consistent for all 

four islands. There was no significant difference in trend slopes for the number of adult 

birds and the breeding population from 1995 to 2004 at Mercury Island. At Ichaboe 

Island, the observed annual rate of decline for adult birds was twice that of peak active 

nests between 1995 and 2004, but the difference in rates was not significant. At 

Halifax Island the adult population increased more rapidly than the numbers of nests 

at peak breeding, although this trend was again not significant. However, at 

Possession Island the adult population decreased significantly more rapidly than the 

number of nests at peak breeding (F = 5.01, n = 18, P = 0.04) between 1996 and 

2004.  

 

There was a positive, significant relationship between estimates of adult birds and 

numbers of active nests at peak breeding at Ichaboe Island (r = 0.83, n = 13, P 

<0.001) and at Possession Island (r = 0.89, n = 9, P < 0.01). Relationships were not 

significant at Mercury or Halifax Islands, nor were they for all four islands combined.  

 

The ratio of the number of penguins in adult plumage to the number of active nests at 

peak breeding differed between islands and years (Figure 8.5). Between 1996 and 

2004, ratios ranged from 3.97 and 5.89, with a mean of 4.89 (SD = 0.62) and a 

median of 4.84 for all four islands combined. Mercury and Halifax Islands had 

consistently higher ratios (mean = 5.64 (0.79) and 5.91 (1.53) respectively) than 

Ichaboe (mean = 3.77 (1.11)) and Possession Islands (mean = 3.92 (0.53)). Ratios 

were particularly high for Halifax Island (9.10) in 2000 and for Ichaboe Island (6.93) in 

2004 and especially low for Mercury Island (4.10) in 2002. At Possession Island the 

ratio decreased steadily with time. 

 

Adult survival and age structure 

 

The observed annual survival rate of penguins in adult plumage between 1997 and 

2004 ranged from 0.78 in 1998 to 0.89 in 1999, with a mean rate of 0.83 over eight 

years (SD = 0.04) (Figure 8.6).  

 

The generalized linear modelling of a sample of 458 skippers and squeezers in 

relation to calendar date yielded the relationship 
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logit(p(d)) = y(d) = –2.257 (SD = 0.828, P = 0.008) + 0.03108 (SD = 0.00549, P < 

0.001) d, 

 

where d is days since 1 July. The proportion of juvenile birds moulting on day d is then 

given by  

 

p(d)= exp(y(d))/ (1 + exp(y(d))). 

 

This proportion was used to split the observed number of juvenile birds in moult on 

each day into those from the immediately previous breeding season (skippers), and 

those of two breeding seasons previously (squeezers). The date on which the 

proportion of skippers decreased below 50% was given by 2.257/0.0318 = 9 

September.  

 

Between 93.8% and 96.6% of recruits had fledged during the year prior to the year 

they moulted in. The remaining recruits had fledged during the year preceding that 

one. An age structure of the Namibian adult penguin population was built using 

estimates of the two age classes of recruits and penguins in adult plumage, assuming 

that the observed annual adult survival rates apply to all age classes in adult plumage 

(Figure 8.7). 

 

From the age structure it is estimated that between 60.0% and 66.0% of all individuals 

in adult plumage were five years or older for the years 1999 to 2004, with a mean 

percentage of 62.1% (SD = 2.9%). These are considered to constitute the breeding 

population. Adult penguins between two and four years old were considered here to 

be sexually immature birds in adult plumage or “pre-breeders”. Numbers of pre-

breeders decreased by 24.4%, or 2 657 individuals, between 2001 and 2003. 

Numbers of penguins of breeding age also declined, particularly between 2002 and 

2004, when nearly 1600 birds (9.5%) were lost from the breeding population (Figure 

8.8). Between 1999 and 2004, estimates for the breeding population were positively 

related to peak active nest counts (r = 0.94, n = 6, P < 0.01) (Figure 8.9). Annual peak 

active nest numbers consistently underestimated the number of breeding pairs (i.e. 

half the potential breeding population) by between 21.4% and 46.8%, and on average 
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by 32.2% (SD = 9.1%). On average, the number of individuals aged five years or older 

was 3.0 times greater than the peak annual active nest count. 

 

The duration of the feather-shedding phase of moult was calculated for 22 penguins 

undergoing rehabilitation. Of these, 12 had been admitted to rehabilitation due to 

being injured by seals, seven had been close to starvation before being rescued and 

three had been found on the mainland near towns just prior to moult. None of the birds 

had been oiled. Feather-shedding lasted between nine and 29 days (Figure 8.10). 

Average duration was 16.1 days (SD = 4.8 days, median = 15 days).  

 

Upwelling 

 

Upwelling intensity, indexed by daily average longshore southerly wind speed 

squared, varied by a factor of two between 74.34 m2s–2 (in 1997) and 36.68 m2s–2 (in 

2001) (Figure 8.11). Over the nine years for which estimates of juvenile recruitment 

were available, upwelling intensity during the first year at sea explained 69% of the 

variance of recruitment (r = 0.83, n = 9, P = 0.006) (Figure 8.12). No significant 

relationships were found between upwelling intensity and total number of adults, 

number of active nests at peak breeding or adult survival. 

 

Discussion 
 

Population estimates and trends 

 

It is evident from anecdotal information that the penguin population in Namibia 

declined dramatically between the early descriptions made by whalers, sealers and 

guano collectors in the nineteenth century (Chapter One, Appendices 1.1–1.11) and 

the commencement of quantitative records in the 1950s. The first comprehensive 

counts of penguins were done at all Namibian breeding localities in 1956 (Rand 1963, 

see Appendices 1.1–1.11). The census data prior to 1990 need to be interpreted with 

caution, because the variety of census methods used since then may not be 

comparable with more recent, standardised counts and because few counts were 

made between 1956 and 1990. However, the overall trend during this period was 

overwhelmingly downwards. Since 1956, when nearly 100 000 adult penguins were 

estimated, contributing about one third of the global population, the Namibian 
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population declined by 75% to fewer than 25 000 adult individuals estimated from 

moult counts in 2004. This accounted for 12.8% in terms of the global population 

estimated in 2001 (du Toit et al. 2003, Kemper in press). The rapid decline was mainly 

due to a penguin population crash at Possession Island. During the 1950s, 

Possession Island supported c. 46 000 adult individuals (Rand 1963), and was the 

largest colony in Namibia. Subsequently, the island lost nearly 97% of its penguins 

and in 2004 was the least important of the four main breeding localities in Namibia. 

Although the rate of decrease in Namibia slowed after 1990, penguin numbers 

continued to decline by between 2.3% and 2.5% per year. If current trends persist, the 

population is expected to halve within the next 30 years (Caughley 1980). 

 

The small number of penguins at Mercury Island between 1991 and 1994 could be the 

consequence of disturbance caused by a seal chasing programme implemented there 

between 1989 and 1993, after seals had displaced a number of seabirds, including 

penguins, between 1978 and 1989 (Crawford et al. 1989, 1994).This explanation does 

not, however, agree with the large number of active nests at Mercury Island during the 

early 1990s. It is likely, though, that numbers of nest sites, i.e. nests void of eggs or 

chicks, but containing nesting material or defended by an adult bird (Crawford et al. 

1995b), rather than active nests were counted before 1994, leading to inflated counts. 

Until 1994 at Mercury and Ichaboe Islands, and until 1996 at Halifax and Possession 

Islands, the timing of nest counts and the definition of active nests were not well 

standardized (see count methods documented in Appendices 1.1–1.11). 

 

Numbers of adult penguins at Mercury Island increased rapidly between 1995 and 

1996, at the same time as numbers of adults and active nests decreased sharply at 

Ichaboe Island. This coincided with two periods of anomalous environmental 

conditions. First, extremely low levels of dissolved oxygen in the shelf waters off 

central Namibia during much of 1994 caused extensive fish mortalities and changes in 

distribution, with fish stocks moving off-shore, away from the vicinity of penguin 

breeding localities (Hamukuaya et al. 1998, O’Toole & Bartholomae 1998, 

Kristmannsson 1999). This was followed in early 1995 by a Benguela Niño, which 

further impacted on fish abundance and distribution (O’Toole & Bartholomae 1998, 

Gammelsrød et al. 1998). Since 1996 at Mercury Island and since 1995 at Ichaboe 

Island, numbers of adult penguins have been declining at the same annual 

exponential rate. The impact of these two events appears to be less obvious at Halifax 
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and Possession Islands, but the different census methods (active nests versus nest 

sites) potentially used before and after 1996 may have masked this effect. Overall, 

Halifax Island appears to be the only important Namibian breeding locality where 

numbers of adult individuals and active nests were increasing over the period 1996–

2004. This growth was not enough to compensate for the losses at the other breeding 

localities. Before 1999, differences in population trends between localities were 

ascribed to fish abundance and distribution, with penguins at localities north of 

Lüderitz taking advantage of accessible non-commercial Pelagic Goby Sufflogobius 

bibarbatus since the collapse of the Sardine Sardinops sagax stock in the early 1970s, 

while those south of Lüderitz were mainly restricted to less nutritious cephalopods 

(Burger & Cooper 1984, Heath & Randall 1985, Crawford et al. 1985, 1991, Crawford 

1998b). However, with the recent decreasing population trends at Ichaboe and 

Mercury Islands between the mid-1990s and 2004, this pattern seems to have 

changed. 

 

Recruitment 

 

The number of juvenile penguins entering the adult population is regulated by a 

combination of the number of chicks fledged and survival between fledging and 

juvenile moult. The significant relationship between numbers of recruits and upwelling 

intensity during the first year at sea indicated that recruitment was largely driven by 

food availability, mediated by upwelling intensity. The northern Benguela marine 

ecosystem is highly variable, and this variability seemed to influence first year survival 

and was subsequently reflected in the numbers of penguins surviving to juvenile moult 

(see also Chapter Nine). 

 

The low proportion of recruits estimated from moult counts at Possession Island 

corresponded with patterns obtained from banding studies. 92.0% of penguins banded 

as chicks at Possession Island were re-sighted during their first moult into adult 

plumage at another locality within the region. In contrast, 53.9%, 23.6% and 64.3% of 

penguins banded at Mercury, Ichaboe and Halifax Islands, respectively, moulted into 

adult plumage elsewhere. This trend was likely to be a consequence of poor feeding 

conditions at Possession Island (Cordes et al. 1999). Juvenile penguins are known to 

cover large distances (Whittington et al. 2005a) and may moult into adult plumage at 

non-natal localities, particularly if feeding conditions are better there. 
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Adult survival and age structure 

 

Observed annual adult survival estimates of African Penguins in Namibia were similar 

to those obtained through mark-recapture studies at other localities (Randall 1983, La 

Cock & Hänel 1987, La Cock et al. 1987, Crawford et al. 1995b, Whittington 2002). A 

detailed comparison of observed survival estimates obtained here and those 

calculated through mark-recapture techniques for Namibia as well as other localities 

and penguin species is given in Chapter Nine. 

 

The age structure for African Penguins in the northern Benguela was constructed from 

estimates of penguins in juvenile and adult plumage and by applying the observed 

annual survival rates. This has not been done before for African Penguins. The 

approach was based on serial moult counts and assumed that emigration/immigration 

did not play an important role in regulating the population size. The age structure 

enabled an independent estimate of the potential breeding population at the four 

islands, which accounted for 96% of the Namibian penguin population during the study 

period. An investigation of age at first breeding showed that African Penguins first 

breed when between four and five years old, although this varies between localities 

and years (Whittington et al. 2005c). In Namibia, an estimated 62% of penguins in 

adult plumage, or 53% of the total penguin population (including those in juvenile 

plumage), were aged five years or older and constituted the potential breeding 

population. Estimates of the potential breeding population obtained from the age 

structure were, on average, 28% larger than those obtained from the proportion of 

individuals banded in Namibia and estimated to be five years or older (Chapter Seven) 

or those derived from adult moult season phenology (Chapter Seven). The difference 

between estimates could signify a high incidence of breeding deferral in the potential 

breeding population. 

 

The sum of the annual peak numbers of active nests, for the four islands, determined 

from multiple visits, underestimated the potential breeding population by about a third. 

Annual peak active nest counts at Halifax Island underestimated peak counts for 

individual breeding colonies summed over a year by the same factor (Chapter Two). 

Serial counts of active nests should be recorded separately for colonies at localities 
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where breeding synchrony is low; annual peak colony counts should therefore yield a 

more accurate estimate for the breeding population than single peak counts. 

 

Crawford & Boonstra (1994) found that penguins in adult plumage at Robben Island 

outnumbered the peak active nest count by a ratio of 3.24, but this was during a time 

when the population there was rapidly increasing. This value is similar to the ratio of 

3.53 calculated for the Saldanha Bay Islands in the Western Cape region (Crawford et 

al. 1991) from numbers of moulting penguins in adult plumage (Furness & Cooper 

1982) and breeding pair estimates based on transect nest counts (Shelton et al. 

1984). A ratio of 3.2 has subsequently been applied to estimate the total number of 

adult penguins from nest counts and vice versa throughout the range (e.g. Crawford et 

al. 1995b, 2001, Cordes et al. 1999). While this may be useful at localities where no 

other ways of assessing population size is possible, it is unlikely that the same factor 

should apply to all breeding localities because it does not take locality-specific 

dynamics and age structure into account.  

 

Here, the mean ratio was 4.86 (range = 2.82–9.10), considerably higher than 3.24 of 

Crawford & Boonstra (1994) and varied between localities and years. A large ratio 

implies that there are comparatively few breeders in the adult population. This 

suggests that Namibian localities either support fewer individuals of breeding age or 

that the proportion of penguins of breeding age breeding in a year fluctuates widely 

between years and localities for some reason, such as lack of food, mate or nest site. 

Breeding at most localities in Namibia, particularly at Halifax and Possession Islands, 

is not well synchronized (Chapters Two and Three), whereas breeding seems well 

synchronized at Robben Island (Crawford & Boonstra 1994). This is likely to be a key 

factor contributing to the large ratio. A lack of breeding synchrony, together with a 

prolonged breeding season, possible deferral of breeding and the ability of raising two 

clutches in a year or relaying after a failed attempt, implies that counts of active nests 

at peak breeding provide a poor proxy for breeding population estimates and 

potentially could lead to gross misinterpretation of trends. At localities where other, 

more reliable census methods (such as moult counts) are impractical, the ratio 

between active nests and number of adults should be ascertained. 
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Feather-shedding duration of moult 

 

Randall (1983) calculated the mean feather-shedding interval to be 12.7 days (SD = 

1.37 days) for 45 African Penguins undergoing moult at St Croix Island. Population 

estimates based on serial moult counts have generally been based on this figure 

(Randall et al. 1986b, Underhill & Crawford 1999, Kemper et al. 2001), although 

Crawford & Boonstra (1994) and Crawford et al. (1999) used an interval of 14 days to 

calculate population size at Robben Island. Cooper (1978) determined an average 

duration of moult for 22 penguins at Dassen Island of 17.7 days, with range 15–20 

days. However, in this study, moult duration was defined as the period the penguin 

spent ashore during moult. This period is longer than the feather-shedding phase 

(Randall et al. 1986b).  

 

Here, the average length of the feather-shedding period for penguins undergoing 

rehabilitation in Namibia was 16.1 days, three days longer than that used for 

calculating population estimates. Oiling and subsequent rehabilitation are known to 

disrupt the timing of moult (Hemming 2001, Wolfaardt & Nel 2003) and it is 

conceivable that moult duration differs between birds in the wild and those stressed by 

a combination of injury or starvation and captivity. Although population trends would 

not change if different feather-shedding intervals are applied, population estimates 

would. If a value of 16.1 days had been used, the adult population estimates would be 

21.1% lower than currently estimated. Even if the feather-shedding duration was set at 

one day longer than the duration estimate commonly used, at 13.7 days, total annual 

population estimates for the four breeding localities would on average be 7.3% lower 

than those reported here. If duration was set at one day shorter, annual estimates 

here would be underestimated by 8.6%. This highlights the sensitivity of the moult 

count census method to estimates of feather-shedding duration. In terms of 

conservation management planning, it is therefore critical that the feather-shedding 

duration of moult is investigated more thoroughly.  

 

In conclusion, population estimates based on serial moult counts appear to be more 

accurate than alternative methods. However, this approach depends critically on the 

duration of the feather-shedding phase of moult; fieldwork is required to focus on 

variability of this period between breeding colonies and between years. The current 

practice, the universal application of a conversion factor of 12.7 days, might prove to 
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be misleading. Population estimates obtained from active nest counts are less 

accurate than serial moult counts, and may lead to misinterpretation of population 

trends. At localities which are visited rarely, an active nest count at the time of the visit 

is the only option for obtaining an estimate of the size of the colony. In that case, 

counting procedures should be standardized to allow comparisons between localities 

and accurate trend calculations. In addition, the ratio between moult counts of 

individuals and nest counts needs to be specified for each locality. Interannual 

changes in the ratio may yield important clues about factors influencing population 

trends.  
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Table 8.1: Estimates of numbers of African Penguins in adult plumage at the four main 
breeding localities in Namibia and at the four localities combined. Year runs from 
September of the given year to August of the following year. 
 

Year Mercury Ichaboe Halifax Possession Total 
1991 11 081*     
1992 ** 9 268    
1993 ** 9 432    
1994 11 380 9 260    
1995 12 566 9 642    
1996 16 579 8 034 2 168 2 430 29 210 
1997 17 731 6 878 2 220 2 261 29 090 
1998 15 723 6 604 1 651 1 951 25 929 
1999 16 452 6 406 2 486 1 880 27 224 
2000 16 177 6 469 3 250 1 319 27 214 
2001 15 287 7 087 3 407 1 420 27 201 
2002 14 181 6 775 3 569 1 513 26 038 
2003 13 565 6 089 3 409 1 256 24 319 
2004 12 499 5 989 3 771 1 387 23 646 

*Annual estimate calculated from 1 May 1991 to 30 April 1992 
**Too few data for an accurate estimate 
 
 
 
Table 8.2: Estimates of numbers of juvenile African Penguins at four breeding localities in 
Namibia and the four localities combined. Year runs from September of the given year to 
August of the following year. 
 

Year Mercury Ichaboe Halifax Possession Total 
1991 2 333     
1992 * 2 485    
1993 * 3 128    
1994 1 130 1 374    
1995 2 265 1 425    
1996 2 990 1 678 152 156 4 977 
1997 3 430 1 489 169 125 5 214 
1998 4 031 1 282 179 161 5 653 
1999 3 521 1 169 397 173 5 260 
2000 2 695 1 151 574 62 4 483 
2001 2 328 872 369 74 3 642 
2002 1 779 1 409 658 165 4 010 
2003 2 764  1513 547 93 4 917 
2004 2 434 1 132 801 109 4 475 

*Too few data for an accurate estimate 
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Table 8.3: Annual numbers of peak active nests of African Penguins at four breeding 
localities in Namibia and the four localities combined. Year runs from May of the given 
year to April of the following year. Single annual counts are taken from Crawford et al. 
(1995b). 
 

Year Mercury Ichaboe Halifax Possession Total 
1990  3 552*  1 937*  1 050*  702* 7 241 
1991      
1992  3 576* 2 418  690*  669* 7 353 
1993   3 666** 2 655  709*  751* 7 781 
1994 2 122 2 736  681*  506* 6 045 
1995 2 261 3 343  473*  608* 6 685 
1996 2 387 2 640 384 498 5 909 
1997 2 662 1 903 431 512 5 508 
1998 2 884 1 562 444 465 5 355 
1999 3 041 1 731 497 477 5 746 
2000 2 822 1 345 370 359 4 896 
2001 2  615 2 260 520 362 5 757 
2002 3 462 2 182 508 406 6 558 
2003 2 783 2 158 534 372 5 847 
2004 2 037 864 669 445 4 015 

*Single annual count 
**Count from Cape Provincial Administration unpubl. data 
 
 
 
Table 8.4: Population trends of African Penguins at the four main breeding colonies in 
Namibia obtained from counts of moulting birds and peak annual number of active nests. 
Observed rates of population change ( r ), correlation coefficients (r) and probability 
values (P) are shown. Only significant trends are reported. 
 
Breeding 
locality Adult population trend Breeding population trend 

 Years n r  r P Years n r  r P 
Mercury 1996–2004 9 –0.037 –0.91 <0.001      
Ichaboe 1995–2004 10 –0.037 –0.78 <0.01      
Halifax 1996–2004 9  0.090  0.85 <0.01 1996–2004 9  0.051  0.75 <0.05 

Possession 1996–2004 9 –0.080 –0.89 <0.01 1990–2004* 14 –0.049 –0.87 <0.001 
Total 1996–2004 9 –0.023 –0.87 <0.01 1990–2004* 14 –0.025 –0.66 <0.05 

Total adult and 
juvenile 1996–2004 9 –0.024 –0.96 <0.001 – – – – – 

– – – – – 1956–1990 7 –0.056 –0.87 <0.05 Total since 
1956** – – – – – 1956–2004 20 –0.030 –0.74 <0.001 

*no count for 1991 
**includes all breeding localities in Namibia 
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Figure 8.1: Numbers of African Penguins in adult plumage estimated from moult counts 
between 1991 and 2004 in Namibia at (a) the four main breeding localities combined, (b) 
Mercury Island, (c) Ichaboe Island, (d) Halifax Island, (e) Possession Island. Estimates 
represented by closed triangles were not included in the trend analysis. Open triangle: 
estimate calculated from 1 May 1991 to 30 April 1992. 
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Figure 8.2: Total number of African Penguins in (a) juvenile plumage and (b) adult and 
juvenile plumage combined, estimated from moult counts between 1996 and 2004 at the 
four main breeding localities in Namibia. 
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Figure 8.3: Annual peak counts of active nests of African Penguins in Namibia (a) 1956-
1990, (b) 1956-2004. For historical data see Appendices 1.1–1.11.  
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Figure 8.4: Annual peak counts of active nests of African Penguins between 1990 and 
2004 at (a) the four breeding localities combined, (b) Mercury Island, (c) Ichaboe Island, 
(d) Halifax Island and (e) Possession Island. Estimates represented by closed triangles 
are not included in the trend analysis. 
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Figure 8.5: Ratios of estimates of number of African Penguins in adult plumage to annual 
peak counts of active nests at four breeding localities in Namibia. 
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Figure 8.6: Observed annual survival rate of penguins in adult plumage between 1997 
and 2004. 
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Figure 8.7: Estimated sizes of age classes of African Penguins in adult plumage in 
Namibia, calculated from the observed annual adult survival rate and based on estimates 
of penguins in juvenile and adult plumage. See text for details. 
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Figure 8.8: Proportion of recruits, pre-breeders and potential breeders at the four main 
breeding localities for African Penguins in Namibia between 1999 and 2004. 
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Figure 8.9: Relationship between numbers of African Penguins aged five years or older 
breeding at the four main Namibian localities, estimated from an age structure (see Figure 
8.7), and annual peak counts of active nests at these localities over the period 1999 to 
2004. 
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Figure 8.10: Histogram of duration of the feather-shedding phase of moult for 22 African 
Penguins undergoing rehabilitation in Lüderitz, Namibia. 
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Figure 8.11: Intensity of upwelling in the northern Benguela measured by the upwelling 
index between 1995 and 2003. See methods for details. 
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Figure 8.12: Relationship between upwelling intensity in the northern Benguela during the 
year before juvenile moult and number of juvenile African Penguins recruiting into the 
adult population in Namibia between 1996 and 2004. 
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Estimates of survival of African Penguins Spheniscus demersus 
in Namibia using mark-recapture techniques 

 
Introduction 
 

Survival is a key parameter in studies of demography, particularly with regard to the 

conservation management of threatened species. In the absence of emigration or 

immigration, the size of a population is regulated by adult survival from the previous 

year and recruitment of sexually immature birds to the breeding population. 

Recruitment, in turn, is the combined result of breeding success a number of years 

earlier and post-fledging survival (Croxall 1992). Seabirds are generally long-lived 

with high adult survival rates, late maturation and low reproductive rates (Cairns 

1987, Croxall 1992, Harris et al. 1994, Croxall & Davis 1999). In such species, a 

relatively small change in adult survival can have a substantial impact on 

demography (Croxall & Rothery 1991). Obtaining accurate survival rate estimates 

and exploring their temporal variability is therefore vital for understanding population 

dynamics (Gould & Nichols 1998). 

 

Survival rates of African Penguins Spheniscus demersus have been estimated in a 

number of ways, for example from population censuses (Furness & Cooper 1982, 

Chapter Eight), or through extrapolations from population modelling (Shannon & 

Crawford 1999, Whittington et al. 2000). Mark-capture studies, either using 

recoveries of dead marked individuals or monitoring marked live birds, initially 

focused on estimating population size (Lebreton et al. 1992). With the development 

of statistical tests advancing the analysis of mark-recapture data and a range of 

models being developed, focus has shifted to estimating survival (Lebreton et al. 

1992) and most survival estimates now stem from mark-recapture studies 

(Aebischer & Coulson 1990). Mark-recapture techniques have been used to 

estimate survival rates of African Penguins at a number of breeding localities in 

South Africa (Randall 1983, La Cock & Hänel 1987, La Cock et al. 1987, Crawford et 

al. 1999, Whittington 2002, 2003).  

 

Large numbers of African Penguins have been banded and subsequently monitored 

in Namibia. However, no survival estimates using mark-recapture techniques exist 

for Namibia. The aim of this chapter is to use mark-recapture techniques to estimate 
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annual survival rates of African Penguins in Namibia, to examine the effect of 

upwelling on survival, and to compare survival rates with estimates obtained from 

moult count census data (Chapter Eight). 

 

Methods 
 

Chicks close to fledging, and therefore of known age, were banded mainly at 

Mercury, Ichaboe and Possession Islands in Namibia between 1991 and 2003 

(Table 9.1). Although penguin chicks were banded before 1991, monitoring intensity 

in Namibia was poor during the 1980s and early 1990s. These banding records were 

therefore not included. Chicks banded and released after being artificially raised, 

and individuals which were rehabilitated after being banded, were also not included 

in this study. African Penguins were flipper-banded with a metal band approximately 

13 mm high and 33 mm wide, bearing a stamped letter prefix followed by a number 

made of four or five digits. Band numbers were large enough to be read in the field 

with the help of binoculars or a telescope, without physically having to handle the 

bird. 

 

All live re-sightings of banded individuals were used in the analysis, including those 

made outside of Namibia. Re-sighting effort was initially poor, with regular 

monitoring only done at Ichaboe Island from 1988. Mercury Island was regularly 

monitored from 1991 and Possession Island from 1996, when these islands became 

permanently staffed. At Halifax Island, monitoring improved from 1995, when the 

island was visited at least once a month by MFMR staff and intensified from 2000 

when visits were made every week. At all four islands, banded penguins were 

recorded during fortnightly moult counts as well as monthly active nest counts, and 

during daily island rounds at the three staffed islands. Since 2000, additional, 

dedicated band searches were carried out at all four islands. Re-sighting effort at 

these four localities was relatively uniform throughout the year. Banded penguins 

were more likely to be missed at Possession Island (large size and bushy terrain) 

and Mercury Island (partly inaccessible topography) than at Ichaboe and Halifax 

Islands, which are small and exposed. At five other Namibian penguin localities 

(Sylvia Hill cave; Neglectus Islet; Pomona, Plumpudding and Sinclair Islands), ad 

hoc re-sightings were only made during sporadic visits. Records of penguins banded 
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in Namibia and re-sighted in South Africa were supplied by the South African Bird 

Ringing Unit (SAFRING). 

 

Data were analysed using the software package MARK (White & Burnham 1999), 

which computes survival and recapture probability (here referred to as re-sighting 

probability) estimates using maximum likelihood techniques (White & Burnham 

1999). For each banding record, an encounter history was built, detailing whether 

the bird has or has not been recorded during each time period after banding. A time 

period was define as a year, running from 1 July of one year to 30 June of the 

following year. 

 

The most fundamental model underlying mark-recapture analysis is the Cormack-

Jolly-Seber (CJS) model (Cormack 1964, Jolly 1965, Seber 1965). The model 

assumes that all banded individuals, regardless of their age or encounter history, 

should have the same probability of survival and re-sighting, and that survival and/or 

re-sighting probability may either be constant or may vary only as a function of time. 

These assumptions are generally not met by species with delayed maturity and 

where young birds are less likely to recaptured. Model fit in such species is therefore 

likely to be poor (Nichols et al. 1990, Cooch & White 2005). 

 

Previous studies on African Penguins have shown that survival tends to be lower for 

the first year of life than for later years (Randall 1983, La Cock & Hänel 1987, La 

Cock et al. 1987, Whittington 2002). African Penguins spend much time at sea 

during the first years of their lives and are thus less likely to be re-sighted. All 

Namibian penguin breeding localities are situated within the productive but highly 

variable Northern Benguela Current upwelling system (Shannon 1989, Roux 2003) 

and survival is likely to vary between years. This dataset is, therefore, unlikely to 

meet the assumptions of the CJS model and is expected to provide a poor fit (Cooch 

& White 2005).  

 

Apart from the fully time-dependent CJS model, a number of age-based models 

were fitted to the data. The following basic assumptions underlying a biologically 

more realistic model choice were made: 

 

• Survival differs between young and old penguins 
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• Survival differs between years 

• Re-sighting rates differ between young and old penguins 

• Re-sighting rates differ between years 

• Re-sighting rates differ between breeding localities 

 

The preferred model in a set of models is defined as the most parsimonious model, 

i.e. the model agreeing best with the data, while using the fewest number of 

parameters to maximize estimate precision (Clobert et al. 1987, Lebreton et al. 

1992). Goodness of fit (GOF) testing was performed to measure the degree of extra 

binomial variation, or over-dispersion, in the data. This is calculated as a “variance 

inflation factor”, or ĉ. When ĉ = 1, the model fits perfectly. Lack of model fit is 

corrected by adjusting ĉ. This also adjusts the standard errors of the parameter 

estimates as well as the Akaike’s Information Criterion (AICc), which is used to 

identify the most parsimonious model. 

 

The GOF of the time-dependent CJS model was tested using the programme 

RELEASE (Burnham et al. 1987), available within MARK. It is essentially only 

suitable for GOF testing of the time-dependent CJS model and simple variations of 

it. For age-based models, a parametric bootstrap procedure, performed by MARK, 

was preferred. In this procedure, a model’s observed survival and re-sighting rate 

estimates are used to simulate data which exactly fit the model’s assumptions. 

Values for ĉ were estimated in three ways:  

• the mean simulated model deviance divided by the observed model deviance 

(= “deviance ĉ”) 

• the mean simulated model ĉ divided by the observed model ĉ (= 

“bootstrapped ĉ”) 

• the median ĉ, as described by Cooch & White (2005) 

 

The highest of these three values yields the most conservative estimates and was 

used to make the adjustment (Cooch & White 2005). Survival and re-sighting 

estimates were chosen from the most parsimonious model, i.e. the model with a 

combination of the lowest AICc value (converted to quasi-AICc or QAICc values after 

adjustment) and the fewest parameters. The models fitted allowed for open 

populations. 
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Sufficient banding data existed for penguins banded at Mercury, Ichaboe and 

Possession Islands. To test whether re-sighting rates differ between these islands, 

models treating islands as separate groups were fitted to the combined dataset of 

the three islands. Standard errors associated with survival rates are reported. Only 

rates with a standard error of less than 0.1 and/or a confidence interval of less than 

0.25 were considered accurate. For an explanation of the model notation used, see 

Table 9.6. 

 

Upwelling, as indexed by the square of longshore wind speed, is a measure of 

productivity. For details on how upwelling indices were derived, see Chapter Eight. 

Daily index values were averaged from 1 January to 30 June and from 1 July to 30 

June to identify biologically meaningful upwelling periods; these were tested as 

covariates to test in how far upwelling explained survival estimate patterns. Analysis 

of deviance was used to calculate the percentage of variation (V) explained by the 

covariate upwelling (Skalski et al. 1993, Altwegg et al. 2003):  

 

V = [deviance (constant model) – deviance (covariate model)] / [deviance (constant 

model) – deviance (time-dependent model)] 

 

Results 
 

Of the 6 781 chicks banded at Mercury, Ichaboe and Possession Islands between 

1991 and 2003, 51 (0.8%) were subsequently recovered dead. The recoveries 

included 14 chicks which died before fledging, seven juvenile birds and 30 

individuals in adult plumage. These were not included in the analyses. A further 

3 743 (55.2%) individuals were never seen again. 2 987 (44.0%) individuals were 

subsequently re-sighted (Tables 9.2 and 9.3). Most were seen within five years of 

banding (Table 9.3). 224 individuals (3.3% of banded chicks) were re-sighted 

outside Namibia. Of these, 49 were subsequently recorded again in Namibia. 

Penguin chicks were banded throughout the year; most (43.1%) were banded 

between January and March, and fewest were banded between May and June 

(7.1%). The average weight of 2 619 penguin chicks for which weight was recorded 

at banding, was 2.84 kg (SD = 0.40 kg). 
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Survival rates using re-sighting data, estimated separately for Mercury, Ichaboe and 

Possession Islands, produced wide confidence intervals and survival could therefore 

not be accurately determined per island. A model set treating islands as distinct 

groups was tested on the combined dataset of the three islands. The goodness-of-fit 

test on a fully time-dependent, island-dependent CJS model (φ(i*t) p(i*t)) was 

significant (χ2
179 =959.1, P < 0.001). The parametric bootstrap procedure (100 

iterations) also indicated a poor fit of the data to the most general model (P < 0.01) 

and an adjustment value of ĉ = 1.17 was applied to the model set. Model selection 

favoured the model with time-dependent survival rates for two age classes and time-

dependent re-sighting rates coupled with an island effect (Tables 9.4 and 9.6).  

 

First-year survival rates for the three islands combined could be estimated 

accurately for all but three years from the most parsimonious model (Figure 9.1a). 

Estimates between 1993 and 2003 ranged from 0.31 (SE = 0.03) in 1994 to 0.89 

(0.06) in 1996. The 1994 estimate was lower than any other estimate, with 

confidence intervals not overlapping with any for any other year. Mean annual 

survival rate (using only the ten accurate estimates) was 0.67 (0.04). Ten accurate 

survival estimates for birds older than one year between 1994 and 2003 ranged 

between 0.60 (0.04) for 1994 and 0.87 (0.04) for 1996 (Figure 9.1b). Mean annual 

survival rate for this period was 0.76 (0.03). Again, the 1994 estimate was below 

those for any other year, with confidence intervals just in the range of those of the 

1997 estimate. This indicates that 1994 survival was particularly poor for penguins of 

all ages. Survival rates for both age classes varied similarly between years (r = 0.88, 

n = 9, P = 0.002). This suggests that the factor or factors responsible for this 

variability acted on both age groups. However, the range of variation in survival for 

first year penguins (0.31 to 0.89) was larger than for older penguins (0.60 to 0.87) 

(Figure 9.2), suggesting that first-year penguins are more severely impacted by 

these factors than adults.  

 

Re-sighting rates differed between islands and between years. In general, re-

sighting estimates were lower for birds aged less than two years than for birds older 

than two years (Figure 9.3). Re-sighting rates of penguins less than two years 

improved after 1997 at all three islands. For penguins older than two years, re-

sighting rate estimates were also higher after 1997, particularly for Possession 
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Island, probably as a result of an increase in the number of birds being banded there 

from 1997 (Table 9.1).  

 

Upwelling between January and June was positively related to survival and best 

explained the variation in fist year survival (18.6%) and in post first year survival 

(33.9%) (Figure 9.4). For both age groups the best relationship between survival and 

upwelling intensity was linear. First year survival increased by a factor of 1.03 per 

additional unit of upwelling (slope on a logit scale = 0.025, 95% CI = 0.016–0.034), 

while survival of older birds increased by a factor of 1.01 (slope = 0.011, 95% CI = 

0.005–0.017) (Figure 9.4). Poor upwelling had a worse impact on first year survival 

than on the survival of older penguins. The inclusion of the covariate did not result in 

a better supported model (Table 9.4). Upwelling intensity between July and June 

explained 10.7% and 31.4% of the variation in survival of first year and older birds 

respectively.  

 

African Penguins in Namibia moult from juvenile to adult plumage between 12 and 

23 months after fledging (Chapter Six). The majority of juvenile penguins in Namibia 

acquire their adult plumage at roughly one year of age (Chapter Six). Survival 

estimates obtained from moult counts of penguins in adult plumage (Chapter Eight) 

are therefore comparable to those for birds older than one year obtained here. A 

comparison of survival rate estimates shows that estimates from moult counts were 

higher than those obtained through mark-recapture techniques, with the exception of 

1998 (Figure 9.5a). Survival estimates based on moult counts were within the 

confidence limits of the model estimates for the years 1998, 1999, 2000, and 2004, 

although the 2004 model estimate was not found to be accurate. For the period 1997 

to 2003, survival rate estimates from moult counts were on average 6.1% higher 

than those reported by the model. Estimates were poorly correlated (r = 0.01, n = 7, 

P = 0.803) (Figure 9.5b). 

 

Discussion 
 
Of the 6 781 African Penguins banded as chicks in Namibia between 1991 and 

2003, 3 743 (55.2%) were never re-sighted following banding. These birds may have 

died and were not recovered, moved away to localities where re-sighting effort is 
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poor, remained unobserved at regularly monitored localities and where they could 

still be re-sighted in future, or they may have lost their bands.  

 

First year survival 

 

First year survival estimates of African Penguins were generally higher for Namibian 

localities than for localities in South Africa and for other penguin species for which 

this has been calculated. Using only accurate estimates and excluding estimates for 

1994, which was a particularly poor year with a first year survival rate of 0.31, first 

year survival estimates ranged from 0.57 to 0.89, with an average of 0.71. These 

estimates were higher than those calculated for St Croix Island, which averaged 

0.32 and ranged from 0.04 (also an abnormally poor year) to 0.35 between 1977 and 

1982 (Randall 1983). This may seem surprisingly low, particularly since the 

population at St Croix Island at the time was stable (Randall et al. 1986b). However, 

survival there was calculated only for birds which were re-sighted at St Croix Island. 

Movement between localities and regions is relatively common, particularly in young 

birds, although it is rare for African Penguins to settle and breed at a locality other 

than their natal one (Randall et al. 1987, Whittington et al. 2005a, b). Poor re-

sighting effort during the 1970s and 1980s at most breeding localities, coupled with 

the short duration of the project, during which not all penguins banded as chicks 

would have returned from their travels back to St Croix Island to breed could have 

led to first year survival there being grossly underestimated. 

 

Survival at Marcus Island, where the penguin population was declining at the time, 

was estimated to be 0.13 between 1979 and 1985 (La Cock et al. 1987). Estimates 

of African Penguin first year survival was 0.69 for Dyer Island (La Cock & Hänel 

1987), which during the same period supported the largest but steeply declining 

population of African Penguins (Crawford et al. 1995b). Neither estimate took into 

account birds which were alive but not re-sighted; these figures therefore represent 

minimum survival estimates. First year African Penguin survival was modelled by 

Shannon & Crawford (1999). The model, based on the dynamics of the increasing 

population at Robben Island, restricted the range for juvenile survival between 0.3 

and 0.7, based on the estimates from St Croix, Marcus and Dyer Islands (Crawford 

et al. 1999). The mean modelled juvenile survival required to keep the population 

stable was found to be 0.51, somewhat lower than the survival estimated for the 
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declining Namibian population. Estimates of first year survival, calculated using 

MARK for Robben Island for 1987 to 1999, averaged 0.31 and varied between 0.13 

and 0.44; estimates for Dassen Island, over the same period, averaged 0.38 and 

ranged between 0.10 and 0.53 (Whittington 2002). Again, these values may be 

underestimates, because re-sighting rates for these islands, at least between 1988 

and 1995 were low. (Whittington 2002). 

 

Field studies at Punta San Juan, Peru, yielded a first year survival estimate for 

Humboldt Penguins Spheniscus humboldti there of 0.2 (Araya et al. 2000); first year 

survival of Galapagos Penguins S. mendiculus is estimated to be 0.33 (Williams 

1995). Dann & Cullen (1990) reported an annual first year (post-fledging) survival 

rate of 0.50 for Little Blue Penguins Eudyptula minor at Phillip Island. 

 

The apparent high first year survival estimates reported here, particularly in view of 

the continuing population decline at most localities in Namibia, might be due to a 

number of reasons. Firstly, re-sighting rates were higher than those of African 

Penguins at most other localities or regions for which survival estimates are 

reported. Since 1996, regular searches for banded penguins in Namibia have been 

done at localities supporting roughly 96% of the penguin population. Banded 

penguins in Namibia therefore have a better chance of being sighted than those in 

South Africa, where only Robben and Dassen Islands have been monitored 

intensively (Whittington 2002). In addition, movement of penguins banded at 

Namibian localities appears to be predominantly restricted to the region while 

permanent emigration to other regions is rare (Whittington et al. 2005a, b). 

Estimates for other localities where re-sighting rates are poor may therefore be 

biased low.  

 

Secondly, some bias may have been introduced here during banding, since only 

healthy, fat chicks were usually banded (pers. obs). Chicks weighing more than 

2.0 kg are able to fledge successfully (Randall 1989) and average fledging weight is 

between 2.48 kg (Cooper 1977) and 2.60 kg (Randall 1989). An average banding 

weight of 2.84 kg in this dataset suggests that banding was biased in favour of 

heavier chicks. This could have resulted in an overestimate of first year survival, 

particularly if the first few weeks after departing to sea, during which the fledgling 

has to learn how to forage, are critical to first year survival. 
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Thirdly, African Penguins fledged at South African breeding localities tend to be 

older on average when they moult into their first adult plumage than in Namibia 

(Chapter Six). This is due to a difference in breeding seasonality between Namibia 

and South Africa (Chapter Three). A combination of age-dependent plumage wear 

and a well defined juvenile moult season appears to restrict the maximum age at 

which a penguin can moult (Chapter Six). It is conceivable that regional differences 

in age at moult in juvenile penguins contribute to the disparity in survival rates. 

 

Post first year survival 

 

In many seabird species, annual survival tends to be lower in juvenile than in adult 

birds (Gaston 1992, Massey et al. 1992, Cuthbert et al. 2003). The findings here are 

consistent with this trend. Post first year survival of African Penguin in Namibia 

ranged between 0.60 and 0.86 with an average of 0.76 between 1994 and 2003, or 

0.78 if the estimate for 1994 is excluded. These estimates are higher than (but within 

the range of) the minimum rates of 0.68 reported for Dyer Island (La Cock & Hänel 

1987) and 0.62 for Marcus Island (La Cock et al. 1987), but are lower than those 

obtained for other localities. Furness & Cooper (1982) estimated adult survival for 

the Saldanha Bay Islands to be 0.87 for 1977 and 1978, while Randall (1983) 

calculated an average of 0.91 of St Croix Island. Whittington (2002, 2003) estimated 

an annual adult survival rate of 0.82 for Robben and 0.80 for Dassen Islands. 

Crawford et al. (1999) calculated adult survival rates for Robben Island of 0.82 and 

0.75 for 1993 and 1994 respectively. The low rate in 1994 was attributed to 

increased mortality from the Apollo Sea oil spill, which killed more than 5 000 

penguins at Robben and Dassen Islands (Crawford et al. 1999). The comparatively 

high survival rates for birds banded as adults at Robben and Dassen Islands could, 

at least in part, be attributed to a period when numbers of breeding African Penguins 

at South African localities showed an apparent increase between 1996 and 2001 

and when an increasing number of penguins were being banded (Whittington 2002).  

 

Estimates of post first year survival for penguins banded as chicks at Robben and 

Dassen Islands (0.75 and 0.70 respectively) were lower than for those banded as 

adults (Whittington 2002), and similar to those obtained here. The discrepancy 

between rates was attributed to possible emigration by penguins banded as chicks 
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which would result in the calculation of a lower survival rate. This implies that these 

penguins would have emigrated to localities where they were not recorded. Although 

there is evidence of movement and emigration by penguins banded in Namibia to 

other regions, this is uncommon (Whittington et al. 2005a, b). Unless large numbers 

of penguins have permanently moved to localities which are poorly monitored, the 

level of emigration should not be responsible for such a low apparent survival rate.  

 

Survival estimates for other penguin species in the genus Spheniscus are also 

higher than the ones obtained from this study, ranging from 0.95 for Humboldt 

Penguins (Araya et al. 2000), 0.85 for Magellanic Penguins S. magellanicus 

(Williams 1995), 0.87 and 0.82 for male and female Galapagos Penguins (Williams 

1995). Further annual adult survival estimates reported for other penguin species 

are listed in Table 9.5.  

 
The role of upwelling 

 

Survival patterns varied in similar fashion for first year and older birds. Variation in 

survival stems from a combination of the effects of demographic and environmental 

stochasticity (Kendall 1998). This study examined the role of upwelling in explaining 

temporal variability in survival rates. Upwelling intensity between 1 January and 30 

June best explained the variability of survival for both age groups. Upwelling in 

Namibia peaks around January, and there is about a two to three month lag before 

upwelling is “translated” into available penguin food (JP Roux pers. comm.). The 

timing of peak upwelling and subsequent peak food availability coincides with the 

main fledging period (Chapters Three and Six) and the pre-moult fattening up period 

for the majority of breeding penguins (Chapter Eight).  

 

Upwelling explained a lower proportion of the variability in first year survival than in 

later year survival. However, first year survival appears to be inherently more 

variable than later survival. Peak mortality in Little Blue Penguins was found to be 

three to four months after fledging (Dann et al. 1992). The main cause of mortality 

was identified as a food shortage from inexperience coupled with an undeveloped 

immunity to parasites. Here, the effect of upwelling was stronger for first year 

survival than for subsequent survival and suggests that post-fledging African 
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Penguins are more dependent on environmental conditions during a period when 

birds are still inexperienced at finding their own food.  

 

Years with anomalous oceanographic and climatic conditions tend to result in 

particularly poor survival rates, either directly (for example excessive heat, flooding) 

or indirectly, through food shortage (Wooller et al. 1992). Anomalous conditions are 

known to primarily impact reproductive performance (Barber & Chavez 1983, Dann 

et al. 2000, Duffy et al. 1984, Hays 1986, Cairns 1987, Frere et al. 1998, Kitaysky & 

Golubova 2000, Simeone et al. 2002) but will result in mortalities during particularly 

severe events, as was the case during the 1982-83 El Niño in the Pacific, when 

millions of birds and other organisms died (Hodder & Graybill 1985, Hays 1986, 

Tovar et al. 1987, Valle & Coulter 1987, Duffy 1989, Cepeda & Cruz 1994, Boersma 

1998). Single major mortality events can have detrimental effects on populations of 

long-lived, slowly-reproducing seabirds, as they can require decades to recover 

(Boersma 1998, Vargas et al. 2005).  

 

Between January and October 1994, severe and widespread depletion of dissolved 

oxygen in shelf waters off central Namibia resulted in large-scale fish mortalities as 

well as off-shore migration of fish (Hamukuaya et al. 1998, O’Toole & Bartholomae 

1998). About 300 000 Cape Fur Seal Arctocephalus pusillus pusillus pups and 

adults, about one third of the Namibian population, died in large numbers all along 

the Namibian coast during the summer and autumn months of 1994. The primary 

cause of these deaths was starvation (O’Toole & Bartholomae 1998, Roux 1998). 

Numbers of other seabird species were also affected, particularly Bank Cormorants 

Phalacrocorax neglectus (Roux & Kemper in press.). The low survival rate of 

penguins in both age groups in 1994 is also likely to be the result of this event. In 

addition, a number of penguins banded in Namibia are known to have been affected 

by the Apollo Sea oil spill during June 1994 (Whittington 2002), which ultimately 

killed 54% of the 10 000 penguins oiled in the incident (Underhill et al. 1999).  

 

The occurrence of a Benguela Niño between February and April 1995 resulted in 

weak upwelling conditions which produced unusually warm waters off northern and 

central Namibia, extending south to Lüderitz. This had a major impact on fish 

abundance and distribution, with stocks contracting to the north. Between May and 

June 1995, sea temperatures cooled off again and by September upwelling had 
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intensified above average (O’Toole & Bartholomae 1998). These events would have 

been reflected in the 1995 survival rate. However, survival estimates for both age 

classes are average, suggesting that the 1995 Benguela Niño appears to have had 

less of an effect on survival than the 1994 low oxygen event. 

 

Survival estimates using moult counts  

 

There is concern that survival estimates are often associated with a substantial 

sampling error, making it difficult to make confident extinction probability calculations 

(Ludwig 1999, Fieberg & Ellner 2000). In this thesis, two different approaches to 

estimating survival of African Penguins in adult plumage are presented. Average 

survival for estimates obtained from population censuses between 1997 and 2003 

was 0.83 (Chapter Eight), consistent with survival estimates from Robben and 

Dassen Islands (Whittington 2002), while the average for the same period, based on 

banded individuals older than one year was 0.76; this is most likely an 

underestimate. 

 

There are several reasons which could explain the discrepancy between these 

survival rates. Firstly, substantial immigration of individuals from South Africa could 

have boosted survival rates obtained from moult counts. However, this is unlikely 

because studies of banded individuals showed that movement and emigration from 

the Eastern and Western Cape regions to Namibia were minimal (Whittington et al. 

2005a, b). 

 

Secondly, models are only able to sum up statistically significant information in the 

data and disclose what statistical conclusions the data justify. As such, it cannot be 

ruled out that statistically minor but biologically meaningful effects have been 

ignored (Lebreton et al. 1992). In Kittiwakes Rissa tridactyla, for example, annual 

adult survival rates were found to vary according to sex, time period, breeding 

experience and nest position (Aebischer & Coulson 1990). Dunnet & Ollason (1978) 

found evidence of an age-related decline in survival rate of Fulmars Fulmarus 

glacialis linked to senescence. Here, only early age differences were taken into 

account by the model. 
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Thirdly, breeding birds at a nest are more likely to be seen than birds not attached to 

a nest site. Birds which were alive in one year but did not breed (and were therefore 

not seen) and which died before the next year would tend to decrease estimates of 

survival and inflate re-sighting estimates. Survival estimates could be reduced 

substantially if only a small proportion of individuals breed every year. At Stony 

Point, a breeding locality where virtually the entire breeding population has been 

banded and monitored, 19.5% of breeding attempts were skipped by banded 

breeders (Whittington et al. 1996). No similar estimates from monitored individuals 

exist for Namibia. The ratio between the annual peak number of active nests and the 

number of potential breeders suggest that about 30% of breeding pairs do not breed 

in a year (Chapter Eight); however, this proportion might be inflated by poor 

breeding synchrony (Chapter Two). Further research is needed to ascertain the 

proportion of breeders in the population and the effect of this on apparent survival 

rates. 

 

Finally, Whittington (2002) estimated that up to 4% of flipper bands used on African 

Penguins could have been lost, either by the band opening up and falling off, or by 

the band rotating on the flipper, obscuring the number. Rotated or open bands were 

re-fitted whenever possible. No estimates exist for Namibia, but since more or less 

the same series of bands were used in South Africa and Namibia, it is likely that this 

rate applies here too. Of the bands used, 56.9% belonged to the series with the 

prefix “S” or “R”, which were prone to opening (Whittington 2002, Petersen & Branch 

2004). Alternatively, banded birds may suffer higher mortality rates than non-banded 

birds, either through injury or through increased drag and subsequently impeded 

foraging efficiency (Culik et al. 1993, Jackson & Wilson 2002, Gauthier-Clerc et al. 

2004, Petersen et al. 2005). If that is the case, it would be imperative to review 

banding practices for African Penguins. 
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Table 9.1: Number of African Penguin chicks banded in Namibia between 1991 and 
2003. Year refers to 1 July of that year to 30 June the following year. 
 

Year Banding locality 
 Mercury Ichaboe Possession Other 

1991 305 366 83 33 
1992 886 598 190 37 
1993 240 309 2 5 
1994 76 192 0 0 
1995 43 181 0 0 
1996 35 84 15 6 
1997 118 123 240 12 
1998 78 122 172 14 
1999 275 228 220 3 
2000 118 180 223 49 
2001 60 20 165 47 
2002 93 307 47 19 
2003 34 228 125 18 

 



Table 9.2: Banding and re-sighting summary of African Penguins banded as chicks at Mercury, Ichaboe and Possession Islands in Namibia 
between 1991 and 2003. 
 
Banding 

year 
No. chicks 

banded No. re-sighted Year re-sighted 

  (total) 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
1991 754 252 60 90 102 99 64 54 33 43 26 16 18 7 7 
1992 1674 552  183 232 206 149 150 115 119 83 62 47 17 16 
1993 551 131   67 55 56 42 32 39 26 17 11 6 7 
1994 268 138    59 39 60 57 62 45 38 29 13 17 
1995 224 139     33 37 64 81 57 33 35 23 15 
1996 134 81      23 37 56 40 27 30 20 16 
1997 481 333       139 177 213 125 96 71 62 
1998 372 226        138 127 114 97 70 62 
1999 723 382         248 165 211 163 127 
2000 521 272          138 137 141 126 
2001 245 140           93 67 63 
2002 447 229            169 141 
2003 387 112             112 

All years 6781 2987              
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Table 9.3: Percentage of African Penguin individuals per banded cohort re-sighted for the first time after banding throughout the species’ 
range. 
 

Banding 
year Year first re-sighted 

 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
1991 7.8 9.2 7.8 4.6 1.9 0.5 0.8 0.3 0.1 0.0 0.1 0.1 0.0 
1992  10.9 10.5 5.6 2.3 1.6 0.7 0.4 0.4 0.5 0.1 0.1 0.0 
1993   12.2 5.3 3.6 1.1 0.7 0.7 0.2 0.0 0.0 0.0 0.0 
1994    22.0 9.3 11.6 5.2 2.2 0.4 0.7 0.0 0.0 0.0 
1995     14.7 12.9 17.0 12.1 1.8 0.9 2.2 0.0 0.5 
1996      17.2 23.1 14.9 3.0 2.2 0.0 0.0 0.0 
1997       28.9 19.3 16.2 2.1 1.9 0.4 0.4 
1998        37.1 16.4 3.8 2.2 0.3 1.1 
1999         34.3 8.7 7.2 1.0 1.2 
2000          26.5 13.8 7.9 4.0 
2001           38.0 11.4 7.8 
2002            37.8 13.4 
2003             28.9 



Table 9.4: Models fitted to banding and re-sighting data of African Penguins banded 
as chicks at Mercury, Ichaboe and Possession Islands, Namibia, between 1991 and 
2003. Parameter values have been adjusted by ĉ = 1.17. Models are listed from most 
to least parsimonious. See Table 9.6 for explanations of model notation.  
 

Model QAICc
 Delta 

QAICc 
Number of 
parameters QDeviance Model 

weight 

φ(a2-t/t)  p(i+a2-[2,12]-t/t+i*t) 25348.20 0 65 3422.625 0.94 

φi(a2-t/ja)  p(i+a2-[2,12]-t/t+i*t) 25355.36 7.16 55 3449.968 0.03 

φ(a2-t/ju)  p(i+a2-[2,12]-t/t+i*t) 25356.37 8.17 55 3450.98 0.02 

φ(a2-t/.)  p(i+a2-[2,12]-t/t+i*t) 25367.33 19.13 54 3463.961 0.01 

φ(a2-ja/t)  p(i+a2-[2,12]-t/t+i*t) 25465.59 117.39 54 3562.219 0.00 

φ(a2-ju/t)  p(i+a2-[2,12]-t/t+i*t) 25479.10 130.89 54 3575.722 0.00 

φ(a2-./t)  p(i+a2-[2,12]-t/t+i*t) 25493.35 145.14 52 3594.006 0.00 

φ(i*t)  p(i*t) 25761.71 413.51 77 3811.869 0.00 
 
 
 
Table 9.5: Annual adult survival estimates for penguin species outside the genus 
Spheniscus. 
 

Species Common 
name 

Annual 
survival 

rate 
Reference 

Aptenodytes forsteri Emperor 0.95 Croxall & Davis 1999 
Aptenodytes patagonicus King 0.91–0.95 Weimerskirch et al. 1992 
Pygoscelis papua Gentoo 0.75–0.85 Croxall & Rothery 1995 
Pygoscelis adeliae Adelie 0.89 Croxall & Davis 1999 
Eudyptes chrysolophus Macaroni 0.77 Croxall & Davis 1999 
Eudyptes schlegeli Royal 0.86 Croxall & Davis 1999 
Megadyptes antipodes Yellow-eyed 0.87 Darby & Seddon 1990 
Eudyptula minor Little Blue 0.75 Dann & Cullen 1990 
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Table 9. 6: Explanation of terminology used in model notation in Table 9.4. 
 
Model term Description 

φ Survival rate, phi 

p Re-sighting rate 

(t) Time-dependent, i.e. variable between years 

(.) Constant, i.e. not variable between years 

ja Linear dependence on upwelling intensity (January–June) 

ju Linear dependence on upwelling intensity (July–June) 

i*t Rates differ for two or more groups 

(a2-t/t) Rate separate for two age groups; both rates time-dependent 

(a2-t/.) Rate separate for two age groups; first rate time-dependent, second rate constant 

(a2-./.) Rate separate for two age groups; both rates constant 

(a2-[2,12]t/t) Rate separate for two age groups. The first age group covers 2 years, the other 12 years; both rates time-dependent 
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Figure 9.1: Survival rate estimates for (a) first year and (b) post first year African 
Penguins banded at Mercury, Ichaboe and Possession Islands, Namibia. Data for all 
three islands were combined. Open circles denote estimates where SE ≥ 0.1 and/or 
CI ≥ 0.25. 
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Figure 9.2: Relationship between first year and post first year survival of African 
Penguins in Namibia. Open circles denote estimates where SE ≥ 0.1 and/or CI ≥ 
0.25. These are not included in the correlation analysis. 
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Figure 9.3: Estimates of re-sighting rates of African Penguins banded at Mercury, 
Ichaboe and Possession Islands, Namibia; (a) first and second year, (b) subsequent 
years. Only rates where SE ≤ 0.1 and/or CI ≤ 0.25 are shown. 
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Figure 9.4: First year (a) and post first year (b) survival of African Penguins in 
Namibia in relation to upwelling intensity between January and July. The regression 
lines were taken from models {φ(a2-ja/t)  p(i+a2[2,12]-t/t+i*t)} and {φi(2-t/ja)  p(i+a2[2,12]-
t/t+i*t)} respectively (Table 9.4). 
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Figure 9.5: (a) post first year survival estimates for African Penguins in Namibia 
based on banding and re-sighting data (circles) and moult counts (triangles) and (b) 
the relationship between survival estimates derived from two methods. Open circles 
denote estimates where SE ≥ 0.1 and/or CI ≥ 0.25. 
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Synthesis and recommendations 

 
 
 
 
 
 
 
 
 
 
 

‘A knot,’ said Alice. ‘Oh, do let me help to undo it!’ 
 

(Lewis Carroll, Alice’s Adventures in Wonderland) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Synthesis and recommendations 
 

Synthesis 
 

If populations are discrete and neither immigration nor emigration take place, they are 

controlled by a balance between mortality and recruitment rates. Recruitment is 

regulated by a combination of the proportion of adults breeding, breeding success and 

post-fledging survival. Variability in any of these parameters can be brought about by 

a wide range of factors operating at different spatial and temporal scales. An 

understanding of demographic parameters and the factors regulating them are 

fundamental to effective conservation management. This study used a number of 

approaches to explore a range of census techniques and demographic parameters for 

a regional population of African Penguins in Namibia. These included: 

 

• a graphical illustration of the degree of breeding synchrony at one breeding 

locality and its implication for estimating the breeding population from annual 

peak counts of active nests (Chapter Two) 

• a description of breeding seasonality patterns in Namibia (Chapter Three) 

• estimates of breeding success and the key factors regulating it (Chapters 

Three and Four) 

• a description of juvenile moult seasonality in Namibia and its variability 

between years and islands, using counts of juvenile penguins undergoing 

moult into adult plumage (Chapter Five) 

• an investigation of the roles of date of fledging and age at moult of juvenile 

penguins in determining moult phenology, and the means of assigning recruits 

to specific age groups (Chapter Six) 

• a description of moult seasonality of penguins in adult plumage in Namibia 

(Chapter Seven) 

• the relationship between age and timing of adult moult as a way of estimating 

the number of potential breeders in the Namibian population (Chapter Seven) 

• population estimates and trends derived from time series of counts of moulting 

penguins and active nests (Chapter Eight) 

• annual survival estimates of adult penguins from moult counts (Chapter Eight) 

• the construction of an age structure which allowed independent estimates of 

the potential breeding population (Chapter Eight) 
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• first year and post first year survival estimates of African Penguins in Namibia 

using mark-recapture techniques (Chapter Nine) 

 

Overall breeding synchrony was found to be poor at Halifax Island, although breeding 

was well synchronized within colonies and between years (Chapter Two). The highly 

fragmented nature of the breeding colonies following a large decline of the population 

at Halifax Island most probably contributed to the overall lack of synchrony; it is likely 

that breeding activities are poorly synchronized at other localities with similar 

characteristics. Because annual peak counts of active nests provide a poor proxy of 

breeding population estimates at such localities, the degree of breeding synchrony 

should be ascertained at each locality.  

 

Penguins bred throughout the year with numbers of active nests reaching a peak 

mainly between October to February at Mercury, Ichaboe and Possession Islands. At 

Halifax Island, breeding activities peaked in July. Historical man-made changes to the 

breeding habitat (particularly through guano removal) are likely to have contributed to 

a decline in breeding success. Breeding success varied between breeding localities, 

years, seasons and habitats (Chapters Three and Four). Breeding success was 

highest at Possession Island, the locality with the largest adult population decline over 

the past decade (Chapter Eight). In contrast, breeding success was lowest at Halifax 

Island, the only important penguin breeding locality in Namibia, where penguin 

numbers have been increasing between 1996 and 2004 (Chapter Eight). Nests 

initiated at the end of October at Mercury, Ichaboe and Halifax Islands had a higher 

probability of survival than at any other time of the year. At Possession Island, the best 

time for egg-laying was about a month earlier. Vulnerability to flooding, nest position 

within a colony (with centrally positioned nests more likely to be successful than nests 

at the edge of a colony), and nest type were other important explanatory variables of 

breeding success. Breeding success was higher for sheltered nests which protected 

nest contents from extreme temperatures, predators and disturbance (Chapters Three 

and Four) than for exposed nests. Few localities in Namibia provided sheltered nest 

sites and artificial nests deployed at Halifax Island were significantly more successful 

than surface nests there (Chapter Four).  

 

Moult seasonality of juvenile African Penguins was less synchronized at localities in 

Namibia (Chapter Five) than in South Africa (Underhill & Crawford 1999, Crawford et 
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al. 2006b). Peak moult took place during the austral mid-summer at all four main 

breeding localities and varied by about a month between years. Juvenile penguins 

were found to moult into adult plumage at the age of 12 to 23 months; the time of the 

year during which a penguin fledged dictated its age at moult into adult plumage and 

determined the moult season and the timing of moult within the season (Chapter Six). 

Age at moult appeared to be constrained by minimum age, moult seasonality and 

plumage wear. Peak fledging occurred in late summer in Namibia and in winter in 

South Africa. The resulting differences in age at moult of juvenile penguins in Namibia 

and South Africa explained the different moult seasonality patterns observed there. 

 

Moult seasonality of penguins in adult plumage in Namibia was found to be bimodal, 

with moult peaks in the austral mid-summer and autumn (Chapter Seven). This 

pattern was linked to breeding seasonality. Adult penguins moulted annually, with 

young individuals tending to moult during mid-summer and older individuals generally 

moulting during autumn, when fewest penguins bred.  

 

An independent measure of the proportion of potential breeders in the population was 

obtained from the moult phenology of adult penguins and from the moult histories of 

banded, known-aged individuals. Estimates of the proportion of potential breeders in 

the population were lower than those calculated from an age structure (Chapter Eight) 

and were likely to be underestimates. A high ratio between annual peak counts of 

active nests and annual totals of adult individuals estimated from the age structure 

suggested that a low proportion of adults of breeding age actually bred in a given year 

(Chapter Eight). This ratio could have been inflated due to poor breeding synchrony.  

 

Numbers of recruits into the adult population fluctuated widely between 1996 and 

2004 (Chapter Eight). First-year survival rates calculated from penguins banded in 

Namibia and re-sighted throughout the species’ range were generally higher (Chapter 

Nine) than those obtained from localities in South Africa (Randall 1983, La Cock et al. 

1987, Whittington 2002). First year survival and the number of recruits entering the 

adult population were closely linked to the intensity of Benguela Current upwelling 

during the year after fledging. This suggests that environmental factors modulated the 

ecosystem’s productivity and food availability to juvenile penguins (Chapters Eight and 

Nine). 
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Survival of African Penguins in adult plumage in Namibia was calculated in two ways. 

Survival rates obtained from banded individuals (Chapter Nine) were generally lower 

than those obtained using the same technique for localities in South Africa 

(Whittington 2002). They were also lower than estimates obtained for the Namibian 

population through counts of moulting juvenile and adult individuals (Chapter Eight). 

Estimate discrepancies between the two methods were attributed to a number of 

factors, including a low proportion of breeding birds in the population and the 

possibility that banded birds suffer higher mortality rates than unmarked birds. 

Comparatively low adult survival rates in Namibia could partially explain the difference 

in population decline between regions.  

 

African Penguins in Namibia: heading towards extinction? 
 

Demographic parameter estimates obtained in this study generally compared 

favourably with estimates from other localities and regions in South Africa. Despite 

reasonable to high breeding success (0.44–0.71 chicks fledged per breeding attempt), 

above average first year survival (0.67), comparable post-first year survival (0.83; 

estimated from moult counts, but 0.77 from mark-recapture) and a large proportion of 

potential breeders in the adult population (0.62), these figures appear to be insufficient 

to keep the African Penguin population in Namibia stable.  

 

Assuming that emigration to other regions is negligible (Whittington et al. 2005a, b, 

Chapter Nine), the key factor responsible for the continued decline of the Namibian 

population could be the proportion of potential breeders deferring breeding. If a large 

proportion of potential breeders chooses not to breed, not enough chicks will be 

produced for recruitment into the adult population a year or two later. This lack of 

recruitment will in turn skew the age structure towards older birds. An indication of 

potential breeding deferral was given by the ratio of the number of individuals in adult 

plumage to the number of active nests at peak breeding (2.82–9.10). This was 

substantially higher and more variable than the ratio calculated for Robben Island, 

South Africa (Crawford & Boonstra 1994). In addition, the number of active nests at 

peak breeding underestimated the potential breeding population by one third, although 

a lack of breeding synchrony could also have contributed to this discrepancy. 

Differences in survival estimates of adult birds and estimates of the proportion of 

potential breeders in the population also suggest that the proportion of individuals 
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engaged in breeding activities in Namibia is generally low and may fluctuate widely 

between years and breeding localities. It is essential that the extent and variability of 

breeding deferral (and the factors underlying it) are investigated more thoroughly in 

future studies. 

 

The global population of African Penguins decreased by 90% during the 20th century, 

but faster in Namibia than in South Africa (Crawford et al. 2001, Kemper et al. 2001, 

Chapter Eight). While the Namibian population of African Penguins contributed c. 30% 

to the species’ global population in 1956 (Rand 1963), it constituted 12.8% in 2004 

(Kemper in press). The population in Namibia declined by over 75% from the 1950s 

and continues to decline at about 2.5% per year. At this rate, the Namibian population 

will halve before 2035. The species is currently listed as Vulnerable according to IUCN 

criteria (IUCN 2001) and the Namibian population of African Penguins was recently 

classified Endangered (Kemper in press). IUCN criteria only take recent population 

trends (over the past 10 years or three generations, whichever is longer) into account. 

However, longer historical perspectives should also be considered; a significant 

decline during the last three generations of a population which had already declined 

by 90% globally and by 75% regionally before then, is likely to be more seriously at 

risk than if the same decline had followed a previously stable state (Mace 2004).  

 

In a highly variable ecosystem such as the northern Benguela upwelling system, 

periodic perturbations such as Benguela Niños are likely to exacerbate the decline of 

the population. Climate change is expected to alter the intensity of coastal upwelling, 

increase the frequency and/or the intensity of Benguela Niños (Roux 2003, Simmons 

et al. 2004) and as a result is likely to dramatically affect the entire food web (Siegfried 

et al. 1990, Bakun 1996). In the case of reduced upwelling, an overall reduction of the 

productivity of the system is expected, accompanied by major fish stock reductions 

(Roux 2003). If climate change leads to an intensification of upwelling, pelagic fish 

stocks may benefit, unless this intensity becomes excessive, resulting in increased 

spawning failure (Roux 2003). In addition, an associated rise in sea levels would 

decrease available breeding habitat at a number of breeding localities. Since about 

1997, upwelling has become less intense off central Namibia (Roux 2003, Peard in 

prep., Chapter Eight). Whether this is a short-term anomaly or a sign of long-term 

climatic change remains to be seen. 
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Recommendations 
 

Census methodology 

 

The four main Namibian penguin breeding localities have been intensively monitored 

since the early to mid 1990s. As a result, good quality data were obtained, which 

allowed a critical examination of the accuracy of some monitoring techniques and their 

applicability to conservation management. Regular monitoring of penguin numbers 

should be continued, at least at the main breeding localities, to regularly revise 

population estimates and monitor population trends. Care should be taken in the field 

to minimize “researcher disturbance”.  

 

Nest monitoring 

Two key parameters could not be quantified adequately in this study. Firstly, the 

incidence of multiple breeding attempts by a pair in a year, either through replacement 

laying after a failed breeding attempt or through double brooding (i.e. relaying after a 

successful breeding attempt), could not be measured. This information is required for 

annual estimates of breeding success per breeding pair and should be obtained by 

monitoring successive breeding attempts of marked pairs. Secondly, accurate 

estimates of the proportion of the potential breeding population actually breeding in a 

year are lacking; this could be achieved by monitoring the activities of marked 

individuals of breeding age throughout the year.  

 
Active nest counts 

Nest counts are currently the most common census method applied at African 

Penguin breeding localities, and the most practical census method in areas which are 

seldom visited. For counts of active nests to be comparable between localities, the 

definition of what constitutes an active nest needs to be clarified. In Namibia, an active 

nest is defined as one containing eggs or chicks. However, counts done before 1994 

also included nests containing nesting material or those defended by an adult. 

Historical and recent counts are therefore not strictly comparable and should be 

interpreted with caution. It is suggested that count methodology is standardized across 

the species’ range in both South Africa and Namibia. At localities where it is feasible, 

particularly where breeding is poorly synchronized and there are several breeding 

peaks in a year, monthly counts of active nests would be advantageous. Breeding 
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population estimates using nest counts could be considerably improved by counting 

discrete colonies at a locality separately and by summing the annual peak counts of 

the discrete colonies. 

 

Moult counts 

Two-weekly counts of moulting individuals appear to yield accurate estimates of 

population size at a given locality. However, this method is labour-intensive and time-

consuming, and is not be feasible at remote localities. Moult at Namibian localities is 

less synchronized than at South African localities. Nevertheless, reasonably accurate 

estimates of the numbers of juvenile penguins moulting into adult plumage could be 

obtained from counts conducted in early January and counts of moulting adult 

individuals between late December and early January, as well as between late April 

and early May at localities where two-weekly counts throughout the year are not 

feasible. To ensure accurate population estimates, it is imperative that the length of 

the feather-shedding period of moult is verified. 

 

Banding and re-sighting of individuals 

Studies of banded individuals have been valuable for answering important questions 

regarding demographics and population dynamics. Banding individuals is pointless if 

no effort is made to subsequently monitor banded birds, or if re-sighting records are 

not collated. It is therefore essential that that a high level of re-sighting effort is 

maintained and that detailed band re-sighting and recovery data are curated properly. 

There is uncertainty as to the detrimental effects banding may have on an individual; 

this must be ascertained for the species (Jackson & Wilson 2002, Petersen & Branch 

2004, Petersen et al. 2005). African Penguin bands manufactured since 2000 were 

found to be of inferior quality (Petersen & Branch 2004) and no new penguin bands 

were issued by the South African Bird Ringing Unit (SAFRING) after 2002. Few 

penguins were banded in Namibia in 2004 and 2005. New band designs are being 

tested (Barham 1999, Petersen & Branch 2004) but even if they prove suitable, it is 

unlikely that large-scale production of these will be commenced any time soon (D. 

Oschadleus pers. comm.). 
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Conservation management 

 

Marine Protected Areas 

The management of ecosystems rather than individual species is increasingly 

promoted in environmental conservation (Hilborn 2004). The Namibian Ministry of 

Fisheries and Marine Resources has made it a priority to embrace an “Ecosystem 

Approach to Fishery Management” (EAF) in order to improve the management of its 

fish stocks. The purpose of this approach is essentially to sustain the health of the 

northern Benguela ecosystem in conjunction with the responsible use of its marine 

resources for current and future generations. The approach includes provision for a 

proportion of the world’s marine areas to be protected in form of Marine Protected 

Areas (MPAs). The design for a network of MPAs, including and surrounding the 

islands, is being drafted and will take known seabird feeding grounds into 

consideration. While the implementation of MPAs is not necessarily a solution to the 

problem of a rapidly declining population, it should at least provide breeding localities 

of African Penguins with some legal protection. 

 

Food 

The sustainability and improvement of the prey base is central to improving the 

conservation status of African Penguins in Namibia. Since the collapse of Sardine 

Sardinops sagax and Anchovy Engraulis capensis stocks by the early 1970s, African 

Penguins in the region have been mainly feeding on non-commercial stocks of Pelagic 

Goby Sufflogobius bibarbatus. It is essential that these fish stocks are maintained and 

that stocks of Sardine and Anchovy are encouraged to build up. Food availability 

south of Lüderitz remains a particular concern, as penguins there feed mainly on less 

nutritious cephalopods (Crawford et al. 1985, 1991, Heath & Randall 1985). 

 

Sheltered nest sites and disturbance  

Apart from scattered nest sites under Lycium decumbens bushes, in buildings at 

Halifax and Possession Islands, and in the caves at Sylvia Hill and Oyster Cliffs as 

well as a shallow cave at Plumpudding Island, nest sites providing shade and 

protection from predators are in short supply at most breeding localities in Namibia. 

The arid, windy conditions prevailing at most localities make the planting of additional 

bushes infeasible and the deployment of artificial burrows at these localities should be 

considered. A concerted effort to maintain localities where penguin numbers are small, 
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such as Pomona, Plumpudding and Sinclair Islands, is particularly important, as they 

form valuable “stepping stones” between other localities and regions. Provided that 

conditions are conducive to breeding (available breeding space, no disturbance from 

human activities, seals or other seabirds) and a reasonable prey base exists in the 

area, penguins should be encouraged to breed at localities such as Plumpudding and 

Pomona Islands by providing sheltered nest sites there. In order to minimize future 

disturbance to breeding colonies and allow the build-up of guano deposits so that the 

excavation of natural burrows will be possible in the future, no guano deposits at or 

near penguin breeding colonies should be harvested commercially and other human 

disturbance must be kept to a minimum. 

 

Oiling and rehabilitation 

The Namibian National Oil Spill Contingency Plan first drafted in the mid 1990s is still 

in draft format in 2006. It is outdated and inadequate, and the infrastructure to deal 

with even a small oil spill is lacking. A medium-size oil spill between Mercury and 

Ichaboe Islands would threaten 80% of the Namibian penguin population and at 

present, no mitigating measures can be implemented in such an event.  

 

Two recent oil spills in South Africa highlight the potential impact of oil pollution on 

African Penguins and the urgent need for improved mitigation measures: In June 

1994, the sinking of the Apollo Sea near Cape Town, South Africa, oiled 10 000 

African Penguins at Robben and Dassen Islands. Despite extensive rescue efforts, 

nearly half of the birds died (Underhill et al. 1999). The Treasure spill near Cape Town 

in June 2000 threatened nearly 40% of the global population of African Penguins and 

sparked another massive rescue operation. Over 19 000 oiled penguins were caught 

for rehabilitation and a further 19 500 penguins were translocated to Port Elizabeth, 

some 800 km to the east, to prevent clean birds from becoming oiled. Over 90% of the 

oiled penguins were successfully cleaned and returned to the wild at a cost of c. 

US$90 per bird (Nel et al. 2003). Had it not been for lessons learned from the Apollo 

Sea spill and quick, concerted action by the authorities and conservation agencies, a 

significant proportion of African Penguins would have been lost. 

 

Rehabilitation of oiled, sick and injured African Penguins at the Lüderitz seabird 

rehabilitation centre and at staffed islands in Namibia has been highly successful, and 

between June 2000 and May 2006 more than 400 penguins (about 1.6% of the entire 
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population in Namibia) were rehabilitated and returned to the wild. It is recommended 

that these efforts are continued and supported, and that future collaboration with the 

Cape Town based seabird rehabilitation centre, the South African Foundation for the 

Conservation of Coastal Birds (SANCCOB), is fostered. 
 

Seal displacement and predation 

Although a seal-chasing programme at Mercury Island was highly successful in the 

late 1980s (Crawford et al. 1989, 1994), it is doubtful whether a similar initiative would 

be logistically implementable at Hollamsbird and Sinclair Islands, the northernmost 

and the southernmost breeding localities in the region, where seals have displaced 

penguins. However, it is unlikely that penguin numbers there are going to recover with 

the current numbers of seals occupying these islands. At Ichaboe Island, where 

incidents of seal predations have increased between 2000 and 2006, and at 

Possession Island, seal chasing programmes at Little Ichaboe Rock and North Reef, 

situated adjacent to Ichaboe and Possession Islands respectively, could prove 

worthwhile. In an attempt to limit mortalities caused by seals, identified problem 

individuals around the penguin breeding localities should continue to be removed (du 

Toit et al. 2004a, Mecenero et al. 2005).  

 

The data presented in this thesis support the hypothesis that African Penguins are 

heading for extinction in Namibia and may not survive the 21st century. It is imperative 

that the Namibian government, tasked with the management of the marine ecosystem 

along its border, including all Namibian African Penguin breeding localities, addresses 

the conservation needs of African Penguins and other endangered seabirds such as 

Cape Gannets Morus capensis and Bank Cormorants Phalacrocorax neglectus, their 

prey bases and the environment they live in. Without the government’s commitment 

and their seeking of collaborations with national and international conservation 

agencies and other institutions, the future for African Penguins in Namibia looks bleak. 
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Appendix 1 



Appendix 1.1: Counts of African Penguins at Hollamsbird Island, Namibia. 
 

Date Method What counted Count Source Notes 
Nov–Dec 1828 anecdotal  present Morrell 1832, in Shaughnessy 1984  
1845 anecdotal  present Eden 1846  
1885 anecdotal  not sure Anonymous 1885  
August 1938 visit nesting 

individuals 
c. 12 Rand 1952 from an “official report” 

April/May 1951 visit active nests 2 Rand 1952  
21 November 1956 aerial individuals 0 Rand 1963  
c. 1972 rough estimate total population 10 Frost et al. 1976a  
9 May 1988 visit nest sites 1 Williams & Dyer 1990  
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Appendix 1.2: Counts of African Penguins at Sylvia Hill and Oyster Cliffs caves, Namibia. 
 

Date Method What counted Count Source Notes 
   Sylvia Hill Oyster Cliffs   
c. 1920s anecdotal   breeding Green 1962, in Loutit et al. 

1986 
based on observations of a 
mining prospector 

June 1980 visit adults (nests with eggs) 40 (6)  Finkeldey 1984  
June 1981 visit individuals 30  Shelton et al. 1984  
June 1983 visit individuals (active nests) 60 (15)  Finkeldey 1984  
28 Feb 1984 visit adults and juveniles 285  Loutit & Boyer 1985 could include large chicks 
28 Feb 1984 visit nest sites 20  Loutit & Boyer 1985  
February 1991 visit adults 120  Simmons & Kemper 2003 northern cave becomes 

accessible to land 
predators during late 1980s 

November 1992 visit adults (active nests) 99 (25)  Simmons & Kemper 2003  
March 1994 visit adults 200  Simmons & Kemper 2003  
September 1994 visit adults (active nests) 160 (5)  Simmons & Kemper 2003  
December 1994 visit adults (juveniles) (active nests) 210 (20) (26)  Simmons & Kemper 2003  
May 1996 visit adults (juveniles) (active nests) 92 (0) (0)  Simmons & Kemper 2003  
January 2000 visit adults (juveniles) (active nests) 169 (12) (45)  Simmons & Kemper 2003  
May 2000 visit individuals (active nests) 120 (0)  Simmons & Kemper 2003 individuals may include 

large chicks 
November 2000 visit adults (juveniles) (active nests) 191 (2) (25)  Simmons & Kemper 2003  
December 2000 visit adults (juveniles) (active nests) 154 (5) (37)  Simmons & Kemper 2003  
8 March 2001 visit adults (juveniles) (active nests) 243 (1) (13)  Simmons & Kemper 2003  
Late March 
2001 

visit adults (juveniles) 175 (4)  Simmons & Kemper 2003  

2 February 2002 boat-based  adults (nest sites)  >20 (>5) Bartlett et al. 2003 northern cave 
2 February 2002 visit  individuals (nest sites) (active nests)  300 (250) (40) Bartlett et al. 2003 southern cave 
3 March 2002 visit adults (juveniles) (active nests) 155 (2) (7)  MFMR unpubl. data  
8 March 2003 visit adults (juveniles) (active nests) 129 (2) (2)  MFMR unpubl. data rough estimate; cave not 

entered owing to high swell 
14 November 
2003 

visit adults (juveniles) (active nests) 169 (0) (6)  MFMR unpubl. data rough estimate; cave not 
entered owing to high swell 

7 March 2004 visit adults (juveniles) (active nests) 142 (0) (11)  MFMR unpubl. data c. 220 potential nest sites 
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Appendix 1.3: Counts of African Penguins at Mercury Island, Namibia. Counts done between 1990 and 2004 are detailed in Chapter   
Eight. 

 
Date Method What counted Count Source Notes 
27 December 1795 anecdotal  present HMS Star, in Kinahan 1992  
22 October 1828 anecdotal  thickly 

inhabited 
Morrell 1844; in Shelton et al. 1984  

1845 anecdotal  present Eden 1846  
1885 anecdotal  present Anonymous 1885  
20 November 1956 aerial individuals present Rand 1963 could not separate species 

on photos 
20 November 1956 aerial individuals 3 264 Shelton et al. 1984 adjusted estimate from 

Rand 1963 
20 November 1956 aerial adults 4 896 Shelton et al. 1984 adjusted estimate from 

Rand 1963 
15 November 1967 aerial individuals 2 964 Shelton et al. 1984  
25 or 26 November 
1969 

aerial individuals 4 078 Shelton et al. 1984  

1970 rough estimate total population 3 000 Frost et al. 1976a  
17 March 1977 visit adults several 

thousand 
Shaughnessy 1977  

20–23 November 1978 transects nest sites 3 218 Shelton et al. 1984  
20–23 November 1978  breeding population 6 436 Shelton et al. 1984 extrapolated from nest 

sites 
28 November 1978 aerial individuals 10 820 Shelton et al. 1984  

   28 November 1978 aerial breeding population 12 655 Shelton et al. 1984 aerial count adjusted for 
absenteeism 

30–31January 1980 head count adults 2 906 Shelton et al. 1984  
27–28 November 1985 visit nest sites 2 092 Crawford et al. 1989  
8–10 November 1986 visit nest sites 1 126 Crawford et al. 1989  
11 November 1986 visit nest sites 979 SFRI unpubl. report 1986  
2–3 December 1986 visit nest sites 1 122 Crawford et al. 1989  
2–3 December 1986 visit nest sites 1 112 Crawford et al. 1995b  
3 December 1986 visit nest sites 1 117 SFRI unpubl. report 1986  
August 1987 visit nest sites 2 181 Crawford et al. 1995b  
25 November 1987 visit nest sites 2 175 Crawford et al. 1995b  
November 1989 visit nest sites 3 394 Crawford et al. 1995b  
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Appendix 1.4: Counts of African Penguins at Neglectus Islet, Namibia. 

 
Date Method What counted Count Source Notes 
1845 anecdotal  no mention Eden 1846  
1885 anecdotal  present Anonymous 1885  
29 November 1985 visit individuals (nest sites) 0 (0) Crawford et al. 1995a  
24 November 1986 visit adults (juveniles) (nest sites) 2 (2) (0) Crawford et al. 1995a  
6 April 1987 visit individuals (nest sites) 0 (0) Crawford et al. 1995a  
29 January 1991 from mainland individuals 0 Roux et al. 2003  
26 November 1991 boat-based adults (nest sites) 3 (0) Crawford et al. 1995a  
February 1994 ? individuals (nest sites) 10 (0) Crawford et al. 1995a  
28 November 1995 visit individuals (nest sites) 9 (0) Roux et al. 2003  
24 November 2000 from mainland adults (juveniles)  16 (2) Roux et al. 2003  
10 February 2001 visit adults (juveniles) (active nests) 21 (3) (8) Roux et al. 2003  
15 January 2002 visit adults (juveniles) (active nests) 33 (3) (4) Roux et al. 2003  
18 April 2002 from mainland adults (juveniles) (active nests) 15 (0) (2) Roux et al. 2003  
8 September 2002 from mainland individuals 25 Roux et al. 2003  
18 November 2002 from mainland adults (juveniles) (active nests) 25 (5) (1) Roux et al. 2003  
25 January 2003 visit adults (juveniles) (active nests) 45 (15) (10) Roux et al. 2003  
9 March 2004 from mainland adults (active nests) 30 (12) MFMR unpubl. data  
21 March 2004 from mainland adults (juveniles) (active nests) 36 (11) (0) MFMR unpubl. data  
13 September 2004 from mainland adults (active nests) 72(5) MFMR unpubl. data  
14 October 2004 visit adults (juveniles) (active nests) 72 (11) (0) MFMR unpubl. data  
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Appendix 1.5: Counts of African Penguins at Ichaboe Island, Namibia. Counts done between 1990 and 2004 are detailed in Chapter Eight. 
 

Date Method What counted Count Source Notes 
October 1828 anecdotal  literally covered Morrell 1844; in Shelton et al. 1984  
28 May 1845 anecdotal  about 100000 Eden 1846 " more numerous than at any 

other part of the coast which I 
have seen" p. 34 

December 1851 anecdotal  innumerable Keane 1851, in Kinahan 1992  
1853 anecdotal  numbers much 

reduced 
Anonymous 1885  

1860 anecdotal  numbers 
recovering 

Anonymous 1885  

1885 anecdotal  present Anonymous 1885  
20 November 1956 aerial individuals 4 179 Rand 1963 actual count from photos 
20 November 1956 aerial individuals 8 400 Rand 1963 estimated population 
15 November 1967 aerial individuals 2 882 Shelton et al. 1984  
25 or 26 November 
1969 

aerial individuals 3 226 Shelton et al. 1984  

1970  rough estimate total population 2 000 Frost et al. 1976a  
12–13 March 1977 visit adults several thousand Shaughnessy 1977  
24–28 November 1978 transects nest sites 3 598 Shelton et al. 1984  
24–28 November 1978  breeding population 7 196 Shelton et al. 1984 extrapolated from nest sites 
28 November 1978 aerial individuals 10 437 Shelton et al. 1984  
28 November 1978 aerial individuals 12 207 Shelton et al. 1984 aerial count adjusted for 

absenteeism 
9 July 1979 aerial individuals 2 120 Shelton et al. 1984  
3–7 February 1980 head count nest sites 4 200 Shelton et al. 1984  
24 November 1985 visit nest sites 2 070 Crawford et al. 1990  
25 November 1986 visit nest sites 739 Crawford et al. 1995b  
27 November 1986 visit nest sites 739 SFRI unpubl. report 1986  
29 August 1987 visit nest sites 1 372 Crawford et al. 1995b  
2 December 1987 visit nest sites 827 Crawford et al. 1995b  
June 1990 visit nest sites 2 427 Crawford et al. 1995b  
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Appendix 1.6: Counts of African Penguins at Seal and Penguin Islands, Namibia 
 

Date Method What counted Count Source Notes 
   Seal Island Penguin Island   
December 1478–
July 1488 

anecdotal  breeding breeding Kolberg 1992  

12 April 1786 anecdotal  not 
mentioned 

plentiful Thompson 1786, in Kinahan 1990  

November–
December 1828 

anecdotal  present present Morrell 1844, in Shelton et al. 1984  

1844 anecdotal  present present Petrie 1844, in Eden 1846  
1885 anecdotal  present present Anonymous 1885  
<1900 anecdotal  absent absent Shelton et al. 1984  
21 November 1956 aerial individuals 0 0 Rand 1963  
mid January 1977 visit individuals 0 0 Shaughnessy 1977  
26 January 1997 visit nest sites  0 MFMR unpubl. data  
18 November 2001 visit nest sites  0 MFMR unpubl. data  
7 December 2001 visit Individuals (nest sites) 0 (0)  MFMR unpubl. data  
30 January 2003 visit individuals (nest sites)  0 (0) MFMR unpubl. data  
6 December 2004 visit individuals (nest sites) 0 (0) 0 (0) MFMR unpubl. data  
January 2006 visit active nests  1 MFMR unpubl. data  
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Appendix 1.7: Counts of African Penguins at Halifax Island, Namibia. Counts done between 1990 and 2004 are detailed in Chapter Eight. 
 

Date Method What counted Count Source Notes 
1843 anecdotal      
1845 anecdotal      
1851 anecdotal  large quantities Keane 1851, in Kinahan 1992  
1885 anecdotal  present Anonymous 1885  
c. 1939 photograph individuals / nest sites thousands Eberlanz Museum, Lüderitz see Plate 2 
May 1949 visit individuals at breeding colonies 1 200 Meinertzhagen 1950  
21 November 1956 aerial individuals 8 639 Rand 1963 actual count on photos 
21 November 1956 aerial individuals 10 000 Rand 1963 estimated population 
25 or 26 November 
1969 

aerial individuals 5 412 Shelton et al. 1984  

1970 rough estimate total population 5 400 Frost et al. 1976a  
May 1971 head count adults (juveniles and/or chicks) 3 628 (435) Berry et al. 1974  
24 May 1971 head count Individuals ~4 000 Kolberg 1992  
August 1971 head count adults (juveniles and/or chicks) 3 488 (126) Berry et al. 1974  
May 1972 head count adults (juveniles and/or chicks) 2 215 (235) Berry et al. 1974  
August 1972 head count adults (juveniles and/or chicks) 5 269 (120) Berry et al. 1974  
November 1972 head count adults (juveniles) (chicks) 4 836 (25) (>39) Berry et al. 1974  
19 May 1977 head count adults (chicks) 2 129 (197) Shelton et al. 1984  
28 November 1978 aerial individuals 2 755 Shelton et al. 1984  
28 November 1978 aerial individuals 3 222 Shelton et al. 1984 aerial count adjusted for 

absenteeism 
30 November 1978 transects nest sites 1 750 Shelton et al. 1984  
30 November 1978  breeding population 3 500 Shelton et al. 1984 extrapolated from nest 

sites 
9 July 1979 aerial individuals 1 802 Shelton et al. 1984  
20 January 1980 head count adults 1 850 Shelton et al. 1984  
14 December 1981 head count adults (juveniles)  2 162 (347) van der Walt, in Shelton et al. 1984  
14 December 1981 transects nest sites 1 007 van der Walt, in Shelton et al. 1984  
May 1982 visit individuals (mainly on colonies) 1 644 Williams 1985  
June 1984 visit individuals in colonies 1 001 Williams 1985  
2 December 1985 visit nest sites 334 Crawford et al. 1990  
16 December 1986 visit nest sites 259 Crawford et al. 1995b  
16 December 1986 visit nest sites 52 SFRI unpubl. report 1986  
30 January 1987 visit nest sites 389 Crawford et al. 1995b  
26 August 1987 visit nest sites 678 Crawford et al. 1995b  
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Appendix 1.8: Counts of African Penguins at Long Island and Albatross Rock, Namibia. 
 

Date Method What counted Count Source Notes 
   Long Island Albatross Rock   
Nov–Dec 1828 anecdotal  not mentioned  Morrell 1844, in Shaughnessy 1984  
1851 anecdotal  present  Keane 1851, in Kinahan 1992  
1885 anecdotal  present present Anonymous 1885  
<1926 anecdotal  present  Shaughnessy 1984  
21 November 1956 aerial individuals 0 0 Rand 1963  
mid January 1977 visit individuals 0 1 Shaughnessy 1977  
August 1977 visit individuals 0  Shaughnessy 1984  
1 December 1978 visit individuals 0  Shelton et al. 1984  
6–8 December 1978 boat-based breeding individuals  0 Shelton et al. 1984  
6 December 1985 visit individuals (nest sites)  0 (0) Crawford et al. 1995a  
27 November 1991 visit individuals (nest sites) 0 (0)  Crawford et al. 1995a  
24 March 2000 visit adults (juveniles)  2 (1) MFMR unpubl. data  
3 December 2004 boat-based individuals  0 MFMR unpubl. data  
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Appendix 1.9: Counts of African Penguins at Possession Island and North Reef, Namibia. Counts done at Possession Island between  
1990 and 2004 are detailed in Chapter Eight. 

 
Date Method What counted Count Source Notes 
   Possession North Reef   
August-October 1828 anecdotal  present present Morrell 1844, in Shelton et al. 

1984 
 

14 May 1845 anecdotal  numerous  Eden 1846  
1885 anecdotal  present  Anonymous 1885  
21 Nov 1956 aerial individuals 37 192 1 360 Rand 1963 actual count 
21 Nov 1956 aerial individuals 46 000 3 500 Rand 1963 estimated population 
21 Nov 1956 aerial individuals 49 084  Crawford & Shelton 1981 adjusted estimate from Rand 

1963 
21 Nov 1956 aerial individuals 55 788 2 040 Shelton et al. 1984 adjusted estimate from Rand 

1963 
21 Nov 1956 aerial breeding pairs 23 245 850 Cordes et al. 1999 estimated from Rand 1963 
14 Nov 1967 aerial individuals 19 860  Crawford & Shelton 1981  
14 Nov 1967 aerial individuals   389 Shelton et al. 1984  
14 Nov 1967 aerial breeding 

individuals 
>9 081 >243 Cordes et al. 1999  

1970 rough 
estimate 

total population 25 000  Frost et al. 1976a includes North Reef 

8–29 August 1977 head count adults 3 505  Shaughnessy & Meÿer 1979 plus ~1 000 scattered birds 
under bushes 

13 January 1978 head count adults 1 615 200 Shaughnessy & Meÿer 1979 plus ~1 000 scattered birds 
under bushes 

1978 ? individuals 5 136  Crawford & Shelton 1981  
28 November 1978 aerial individuals 3 757 256 Shelton et al. 1984  
28 November 1978 aerial individuals 4 394 299 Shelton et al. 1984 aerial count adjusted for 

absenteeism 
1 December 1978 transects nest sites  151 Shelton et al. 1984  
1 December 1978  breeding 

population 
 302 Shelton et al. 1984 extrapolated from nest sites 

2–4 December 1978 transects nest sites 2 568  Shelton et al. 1984  
2–4 December 1978  breeding 

population 
5 136  Shelton et al. 1984 extrapolated from nest sites 

9 July 1979 aerial individuals 1 833  Shelton et al. 1984  
26 January 1980 transects nest sites  58 Shelton et al. 1984  
26 January 1980 head count adults  181 Shelton et al. 1984  
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Appendix 1.9: (cont.) 
 

Date Method What counted Count Source Notes 
   Possession North Reef   
18 March 1980 visit nest sites  16 Crawford et al. 1995b  
22–27 January 1981 head count adults 2 250  Shelton et al. 1984  
4 December 1985 visit nest sites  0 Crawford et al. 1990  
7-8 December 1985 visit nest sites 638  Crawford et al. 1990  
10 April 1986 visit nest sites 735  Crawford et al. 1995b  
11 April 1986 visit nest sites  2 Crawford et al. 1995b  
30 Oct–2 Nov 1986 visit nest sites 327 0 Cordes et al. 1999  
1 November 1986 visit nest sites 290  Internal report  
2 November 1986 visit nest sites  1 Crawford et al. 1995b  
4 September 1987 visit nest sites 442 2 Crawford et al. 1995b  
6 September 1987 visit nest sites  2 Crawford et al. 1995a  
28–29 November 1987 visit nest sites 454 1 Crawford et al. 1995b  
30 November 1987 visit nest sites  1 Crawford et al. 1995a  
25–26 February 1988 visit nest sites 613  Cordes et al. 1999  
4–5 December 1988 visit nest sites 946 0 Crawford et al. 1995b  
27 March 1990 visit nest sites  0 Crawford et al. 1995b  
5 December 1990 visit nest sites  0 Crawford et al. 1995b  
21 March 1991 visit Individuals 

(nest sites) 
 1 (0) Crawford et al. 1995a  

29 January 1991 visit nest sites  0 Crawford et al. 1995b  
30 November 1993 visit nest sites  0 Crawford et al. 1995b  
 visit nest sites  0 Crawford et al. 1995b  
1 January 2000 visit active nests  1 MFMR unpubl. data breeding attempt successful 
25 April 2000 visit active nests  1 MFMR unpubl. data breeding attempt 

unsuccessful; last recorded 
breeding attempt there by 
June 2006 
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Appendix 1.10: Counts of African Penguins at Pomona Island, Namibia. 
 

Date Method What counted Count Source Notes 
1885 anecdotal  present Anonymous 1885  
21 November 1956 aerial individuals 9 676 Rand 1963 actual count 
21 November 1956 aerial individuals 12 000 Rand 1963 estimated population 
21 November 1956 aerial individuals 14 511 Shelton et al. 1984 adjusted estimate 

from Rand 1963 
14 November 1967 aerial individuals 6 357 Shelton et al. 1984  
25 or 26 November 1969 aerial individuals 8 974 Shelton et al. 1984  
1970 rough estimate total population 7 000 Frost et al. 1976a  
13 January 1977 extrapolated head count adults 740 Shaughnessy 1977  
28 November 1978 aerial individuals 149 Shelton et al. 1984  
28 November 1978 aerial individuals 174 Shelton et al. 1984 adjusted for 

absenteeism 
7 December 1978 transects (head count) adults (nest sites) 339 (123) Shelton et al. 1984  
7 December 1978  breeding population 246 Shelton et al. 1984 extrapolated from 

nest sites 
20 September 1979 aerial individuals 310 Shelton et al. 1984  
23 January 1980 transects (head count) adults (nest sites) 116 (20) Shelton et al. 1984  
6 December 1985 visit nest sites 13 Crawford et al. 1990  
30 October 1986 visit nest sites 15 Crawford et al. 1995b  
30 October 1986 visit nest sites 2 SFRI unpubl. report 1986  
29 November 1987 visit nest sites 8 Crawford et al. 1995b  
11 March 1988 visit nest sites 13 Crawford et al. 1995b  
3 December 1988 visit nest sites 13 Crawford et al. 1995b  
3 December 1990 visit nest sites 2 Crawford et al. 1995b  
21 March 1991 visit nest sites 8 Crawford et al. 1995b  
5 December 1995 visit individuals (active nests) 1 (1) MFMR unpubl. data  
5 December 2001 visit individuals (active nests) 1 (0) MFMR unpubl. data  
10 January 2002 visit individuals (active nests) 1 (1) MFMR unpubl. data  
17 December 2002 visit adults (juveniles) (active nests) 8 (3) (2) MFMR unpubl. data  
4 December 2004 visit adults (juveniles) (active nests) 33 (4) (0) MFMR unpubl. data  
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Appendix 1.11: Counts of African Penguins at Plumpudding and Sinclair Islands, Namibia. 
 

Date Method What counted Count Source Notes 
   Plumpudding Sinclair   
1885 anecdotal  present present Anonymous 1885  
1948 rough estimate pairs  3 000 Rand 1949 in Shelton et al. 1984  
21 November 1956 aerial individuals 4 801 2 370 Rand 1963 actual count 
21 November 1956 aerial individuals 6 000 3 000 Rand 1963 estimated population 
21 November 1956 aerial individuals 7 201 3 555 Shelton et al. 1984 adjusted estimate from 

Rand 1963 
14 November 1967 aerial individuals 5 515 632 Shelton et al. 1984  
25 or 26 November 
1969 

aerial individuals 4 547  Shelton et al. 1984  

1970 rough estimate total population 3 000 200 Frost et al. 1976a  
5 December 1971 aerial individuals  373 Shaughnessy 1980  
17 December 1976 aerial individuals  314 Shaughnessy 1980  
20 December 1977 aerial individuals  283 Shaughnessy 1980  
21 January 1978 head count adults 881  Shaughnessy 1980  
28 November 1978 aerial individuals 803 343 Shelton et al. 1984  
28 November 1978 aerial individuals 939 401 Shelton et al. 1984 aerial count adjusted for 

absenteeism 
8 December 1978 head count adults 1 068 358 Shelton et al. 1984  
8 December 1978 transects nest sites 438 246 Shelton et al. 1984  
8 December 1978  breeding 

population 
876 492 Shelton et al. 1984 extrapolated from nest 

sites 
9 July 1979 aerial individuals 96 158 Shelton et al. 1984  
12-14 October 1979 head count individuals  398 Shelton et al. 1984  
19 December 1979 aerial individuals  321 Shaughnessy 1980  
23 January 1980 head count adults 592 308 Shelton et al. 1984  
23 January 1980 transects nest sites 100 124 Shelton et al. 1984  
5 December 1985 visit nest sites 92 51 Crawford et al. 1990  
30 November 1987 visit nest sites 228 29 Crawford et al. 1995b  
3 December 1988 visit nest sites 90 44 Crawford et al. 1995b  
3 December 1990 visit nest sites 1 27 Crawford et al. 1995b  
27 November 1991 visit nest sites 2 38 Crawford et al. 1995b  
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Appendix 1.11: (cont.) 
 

Date Method What counted Count Source Notes 
   Plumpudding Sinclair   
6 December 1993 visit nest sites 26 63 Crawford et al. 1995b  
6 December 1993 visit active nests 27  MFMR unpubl. data  
13 December 1995 visit active nests 23 110 MFMR unpubl. data  
27 June 1996 visit adults (active 

nests) 
? (38) 191 (123) MFMR unpubl. data  

3 November 1999 visit adults (juveniles) 
(active nests) 

140 (15) (54) 174 (4) (55) MFMR unpubl. data  

4 January 2000 visit active nests  39 MFMR unpubl. data  
2 December 2000 visit adults (juveniles) 

(active nests) 
192 (28) (67) 183 (3) (75) MFMR unpubl. data  

5 December 2001 visit adults (juveniles) 
(active nests) 

256 (30) (154) 259 (7) (86) MFMR unpubl. data  

4 December 2004 visit adults (juveniles) 
(active nests) 

241 (63) (36) 257 (5) (77) MFMR unpubl. data  
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Plates 
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African Penguins breeding on guano 
“pedestals” inside Sylvia Hill south 
cave. 
(Photo: J. Kemper) 
 
 
 
 
 
 
 
 

 
 
 
 
           Precipitous Mercury Island, situated  
           inside the picturesque Spencer Bay. 
           (Photo: J. Kemper) 
 
 
 
 

 
 
 
Neglectus Islet, occupied mainly by 
roosting Cape Cormorants 
Phalacrocorax capensis. African 
Penguins breed inside and next to 
the disintegrated man-made 
structure in the centre. 
(Photo: T. Cooper) 
 
 
 
 

 
 
          Aerial view of Ichaboe Island. Note 
          the wall surrounding the entire island. 
            (Photo: J-P. Roux) 
 
 
 
 
 
 
 
 
Plate 1a: Some African Penguin breeding localities in Namibia north of Lüderitz. 
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Sheltered bay at Possession 
Island with the settlement in 
the background and the 
MFMR research vessel RV 
Kuiseb at anchor. 
(Photo: J. Kemper) 
 
 
 
 
 
 

 
 
 
Pomona Island is known to become 
linked to the mainland by sand banks 
on rare occasions. 
(Photo: J. Kemper) 
 
 
 
 
 
 

 
 
 
Plumpudding Island was 
reportedly named after its 
shape by hungry seafarers. 
(Photo: J. Kemper) 
 
 
 
 
 
 
 

 
 
One of two small colonies of 
African Penguins tenaciously 
breeding among Cape Fur Seals  
Arctocephalus pusillus pusillus at  
Sinclair Island. 
(Photo: J. Kemper) 
 
 
 
 
 
 
 
Plate 1b: Some African Penguin breeding localities in Namibia south of Lüderitz. 
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       (Photo: Eberlanz Museum, Lüderitz) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         (Photo: J. Kemper) 
 
 
Plate 2: View from the northern end of Halifax Island towards the centre of the island 
c. 1939 (top), August 2004 (bottom). 
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Plate 3: Halifax Island: A colony of surface-breeding African Penguins (top), a group 
of artificial burrows (see Chapter Four) (centre), and a breeding pair occupying an 
artificial burrow (bottom). (Photos: J. Kemper) 
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