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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 environmen-
tal 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 characteris-
tics of many seabird colonies breeding there, including those
of African Penguins Spheniscus demersus (Frost et al. 1976,
Kemper et al. submitted 1). As a result, the majority of pen-
guins 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.
Namibia supports a regional population of African Penguins.
The four main penguin breeding localities in Namibia (Table
1), which account for c. 96% of the Namibian population,
differ in a number of features, particularly local food availabil-
ity, nesting habitat, predation intensity and topography.

African Penguins are primarily inshore foragers when
breeding (Wilson 1985). Food quality and availability are
thought to be more reliable at Mercury and Ichaboe Islands,

where penguins feed on abundant Pelagic Goby Sufflo-
gobius 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 infe-
rior to Pelagic Goby (Heath & Randall 1985). However, pen-
guins 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).

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 pro-
tection to some nest sites at Ichaboe Island. At Halifax
Island, there is a variety of nest types (Kemper et al. submit-
ted 1), although 70% of nests there occur in three distinct
surface colonies. At Possession Island, the majority of pen-
guins nest solitarily or in loose, small colonies beneath
bushes, with the remainder breeding in aggregations of
sandy burrows or in abandoned buildings. There are few
surface nest colonies at Possession Island and isolated
surface nesting is uncommon.
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We describe breeding seasonality patterns and assess
breeding success of African Penguins Spheniscus
demersus at the four most important breeding colonies
in Namibia. Penguins bred throughout the year; peak
nesting activities varied between localities and between
years. At Mercury Island, most penguins bred between
October and January and at Ichaboe Island between
October and December. At Halifax Island, breeding usu-
ally peaked between July and August and in early
December. Breeding was less seasonal at Possession
Island but reached a peak between November and Janu-
ary. Least breeding took place during April and May at
all four islands. From 2 780 monitored nests, an average
of 0.61 chicks were fledged per breeding attempt. The
incidence of fledging two chicks from one clutch was
high; between 43.3% and 64.1% of successful attempts

produced two fledglings. Egg-laying date was the most
important determinant of nest success. 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. Poorly-
timed breeding was probably the key factor responsible
for the poor breeding success at Halifax Island compared
to the other three localities. 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 explana-
tory variables. Breeding success estimates for Namibian
localities compared well with those obtained from locali-
ties in South Africa but are insufficient to keep the Afri-
can Penguin population in Namibia stable.
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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 num-
bers differ between islands. Mercury Island has one resident
breeding pair and the number of roosting gulls rarely exceeds
ten. 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 (Kemper et al. sub-
mitted 1). Large numbers of Kelp Gulls occur at Possession
Island, including approximately 1 500 breeding pairs and up
to 3 000 individuals roosting (MFMR unpubl. data).

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. 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.

This paper describes breeding seasonality patterns of
African Penguins at the four most important breeding colo-
nies in Namibia, assesses their breeding success rates, and
evaluates the potential contribution of breeding success 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 importance
of nest site characteristics with respect to breeding success.

Methods

As the breeding activity of penguins was lowest during the
months of April and May (this study), a year was defined as
the period from 1 May to 30 April in this study. 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).
Since June 2000 at Halifax Island and since July 1996 at
Possession Island, nests with chicks were distinguished from
those with eggs during the counts .

In addition, since December 1996 at Mercury and Ichaboe
Islands, and since December 1999 and April 2000 at Posses-
sion and Halifax Islands. Also, since January 2000 at each
locality, a number of nest site characteristics were noted for
each nest monitored(Table 2). For the above, observations
up to the end of May 2004 were included in this study. Be-
cause egg-laying in African Penguins is rarely observed

(pers. obs), only nests containing eggs which appeared to
have been recently laid were monitored. The date on which
monitoring was initiated was noted for each nest, and the
nest contents were recorded weekly thereafter. The hatch-
ing date of each chick 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. Egg-laying dates were then back-
calculated from the estimated hatching dates, assuming the
length of the incubation period to be 40 days (Randall &
Randall 1981, Williams & Cooper 1984). For nests which
failed before hatching and for which an egg-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), if unattended by a parent,
and if they were not to be found at their nest or at another
nest or nearby crèche. When there was doubt, nests were
re-checked, sometimes after sunset, when chicks are more
likely to be found at their nests (Seddon & van Heezik 1993).
In some cases chicks were directly observed leaving the
island, always without their parents. 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.

To reduce the biases in estimating nest success result-
ing from nests not being found at the beginning of the nest-
ing 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 stand-
ard hypothesis testing and model selection approaches
used, for example, in generalized linear models. Model fit-
ting 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 analy-
sis 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 mod-
elling, 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 “har-
monics” in the seasonality model were considered; a har-
monic was always fitted as a pair of sine and cosine terms
included in the explanatory variables.

Table 1: Summary description of the four main African Penguin breeding localities in Namibia

Breeding locality Position Size (ha) Estimated number of:

adult penguin individuals* nests at peak breeding*

Mercury 25°43'S 14°50'E  3.0 12 499 2037
Ichaboe 26°17'S 14°56'E  6.5  5 989  864
Halifax 26°37'S 15°04'E 10.0  3 771  669
Possession 27°01'S 15°12'E 90.0  1 387  445

*estimate for 2004 (Kemper 2006)
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Table 2: 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 Plastic / rock shelters, tyres 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 100 m2

Small 311 ≤50 nests
Medium 324 ≤50 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

Results

Breeding seasonality patterns

African Penguins were recorded breeding, either incubating
eggs or rearing chicks, throughout the year at all four main
breeding localities in Namibia. Peak nesting activities varied
between localities and between years (Figures 1 and 2). At
Mercury Island, peak nesting was between October and
January; at Ichaboe Island, breeding peaked between Octo-
ber 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. At Mercury Island, the number of active nests at
peak breeding was, on average, 6.3 times higher than dur-
ing times of least breeding activity; 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 in-
cubation peak at Halifax Island was restricted to a three week
period between 25 June and 18 July; the timing of second-
ary incubation peaks varied between 9 October in 2003 and
21 December in 2001 (Figure 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). 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 param-
eters for each island are summarized in Table 3. There were
no major environmental anomalies during the period
spanned by this study. Apart from a few heat waves (e.g.
Kemper et al. submitted 1), 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
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Figure 2: Standardized, 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

Figure 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

Table 3: 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 December 1996 December 1996 April 2000 December 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%

clutches differed between islands (χ 2
3 = 35.26, P < 0.001). At

Mercury Island, 63.2% of nests survived incubation, com-
pared to 57.3% at Ichaboe Island, 52.0% at 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 propor-
tion of 2-egg nests surviving incubation where both chicks
hatched, differed between islands (χ 2

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 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 (Fig-
ure 4b). After that, the observed daily mortality rate was simi-
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Table 4: Survival, from egg laying to fledging of at least one chick,
of African Penguin nests in Namibia, in relation to three explanatory
variables: island, breeding year and seasonality. Results of a gen-
eralized 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 coefficients for the islands
or the years indicate smaller modeled 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
∆Ichaboe Island –0.138 0.070 –1.98
∆Halifax Island –0.134 0.087 –1.54
∆Possession Island –0.158 0.102 –1.54

1996 0
∆1997 0.209 0.148 1.41
∆1998 0.340 0.166 2.05
∆1999 –0.067 0.143 –0.47
∆2000 0.427 0.130 3.27
∆2001 0.473 0.138 3.42
∆2002 0.463 0.136 3.41
∆2003 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 2 θ –0.051 0.088 –0.58
cos 2 θ –0.323 0.090 –3.61

Possession Island
sin θ –0.201 0.116 –1.73
cos θ 0.308 0.128 2.40

Figure 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

Figure 4: Chick mortality expressed as (a) percentage of African
Penguin chicks which died before fledging at the four main breed-
ing localities in Namibia, (b) percentage of surviving chicks in rela-
tion to chick age per breeding locality, (c) percentage of surviving
chicks which had survived the previous interval of 10 days

lar 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 4c).

Overall, 40.68% of nesting attempts produced at least one
fledgling, with an average of 0.61 (0.80) fledglings per nest-
ing 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
(χ 2

3 = 20.70, P < 0.001); pairs at Possession Island fledged
two chicks nearly twice as often as at Halifax Island. Suc-
cessful nests fledging two chicks were more common at
localities south of Lüderitz (χ 2

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.
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for Halifax Island, and a first-order harmonic for Possession
Island (Table 4, Figure 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 am-
plitude 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 4. For example, the modelled
value of λ for Ichaboe Island for the year 2000 for a nest
started on 31 October is given by:

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 af-
ter 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 – 
  0

p 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 vari-
ation in breeding success resulting from the regression co-
efficients of Table 4 – 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 probabili-
ties of a nest started at Ichaboe Island on 31 October of each
year being successful in raising at least one chick. Perform-
ing 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 Pos-
session Island: 0.509. It is clear that the variation between
years is larger than the variation between islands.

Further explanatory variables were available for 1577 of
the 2497 monitored nests (Table 2). 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 5). The key
additional explanatory variables were vulnerability to flood-
ing (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.

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 vul-
nerable 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 build-
ing generated the largest decrease in nest success: boulder:
0.502, surface: 0.506, artificial: 0.521, bush: 0.544 and build-
ing: 0.365.

Factors affecting nest success

Breeding success data, and three explanatory variables
(island, year and estimated date of egg-laying), were avail-
able for 2 497 nests, and were analysed using the extended
Mayfield method. The model of Table 4 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 Mer-
cury and Ichaboe Islands, first- and second-order harmonics

Figure 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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Discussion

Breeding seasonality patterns

Throughout their range, African Penguins breed through the
year (Wilson 1985), although seasonal peaks may vary
between localities (Frost et al. 1976, Cooper 1980, Randall
1983, Duffy & La Cock 1985, Crawford et al. 2006a). This
was also the case at the four main African Penguin breed-
ing localities in Namibia. 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 Posses-
sion Island. The timing of peak breeding differed to that re-
ported from localities in South Africa. Peak breeding at
Dassen and Robben Islands generally takes place between
April and August (Cooper 1980, Wilson 1985, Crawford et al.
1999, 2006a, Wolfaardt & Nel 2003). At Malgas (33°03'S
17°55'E) and Marcus Islands and at Stony Point, active nests
peak between February and August (Whittington et al. 1996,
Crawford et al. 2006a), 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. 2006a). The ability to breed
throughout the year could therefore allow some plasticity for
the timing of breeding in response to variable local food con-
ditions.

Breeding success

Breeding success averaged 0.61 fledged chicks per breeding
attempt. 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). Fledg-
lings 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. 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.

Considering the large population decline at Possession
Island over the last 50 years (Kemper et al. 2001, submitted
2), 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 Pos-
session 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 pro-
tected breeding habitat. Alternatively, if the population de-
cline is due to the lack of local recruitment into the adult
population (Kemper 2006), then on average, penguins
breeding at Possession Island may be older, more experi-
enced and more likely to breed successfully, than penguins
at the other localities. The reverse situation may apply at
Halifax Island, where breeding success was particularly poor.
If the recent population increase at Halifax Island (Kemper
et al. submitted 2) is due to recruitment of young birds from
elsewhere, the population at this island may consist of breed-
ers that are younger, less experienced and potentially less
successful, than the average. The number of fledglings pro-
duced per breeding attempt at localities in Namibia com-
pared favourably with estimates obtained from localities in
South Africa, where African Penguin breeding success has

been studied extensively (Table 6 and references therein).
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 fledg-
lings, resulting in 1.43–1.64 fledglings produced per success-
ful attempt. This figure was similar to that obtained at Marcus
Island in South Africa’s Western Cape region (57.7%, 1.58
fledglings; La Cock et al. 1987) but higher than that at St
Croix Island in South Africa’s Eastern Cape region (12.2%,
1.12 fledglings; Randall 1983).

Boersma (1977) proposed that Galapagos Penguins
S. mendiculus have an extended breeding season and fre-
quently replace lost clutches as a strategy to overcome lim-
ited 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 breed-
ing attempt (Paredes et al. 2002). The strategy of having as
many clutches and raising as many chicks as possible dur-
ing 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 in the event of breeding failure and
are able to lay second clutches after chicks are fledged suc-
cessfully in the same breeding season (Randall 1983, La
Cock & Cooper 1988). At Halifax Island, for example, pen-
guin 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

Table 5: Survival, from egg laying to fledging of at least one chick,
of African Penguin nests in Namibia, in relation to three explanatory
variables: vulnerability to flooding, nest position within the colony,
and nest type. The explanatory variables of Table 3 were included
in the model, but are not shown here. Results of a generalized linear
model of the parameter » 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 coef-
ficients 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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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 ascer-
tained for the Namibian population too.

In Magellanic Penguins S. magellanicus, more than three
quarters of nest failures were found to occur during incuba-
tion and early chick rearing (Boersma et al. 1990, Boersma
& Stokes 1995). In this study, 57.8% of monitored nests sur-
vived 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 distur-
bance, 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. 1986, La Cock
1988, Seddon & van Heezik 1991, Crawford & Dyer 1995,
pers. obs). Nest contents tend to be susceptible to different
causes of mortality at different stages of the nesting cycle
(Randall 1983, Seddon & van Heezik 1991, Renner & Davis
2001). In this study, the contents of nests frequently disap-
peared in between visits. In such cases it was not possible
to ascertain whether nest contents had been predated by
Kelp Gulls or whether they had been scavenged subsequent
to abandonment or death. Causes of mortality could, there-
fore, not be adequately quantified. However, mortality of
eggs and small chicks appeared to be mostly due to deser-
tion, predation, exposure or drowning; that of large chicks
appeared to be mainly due to starvation or heat stress.

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.
1976, Murison 1998, Stokes & Boersma 1991, 1998,

Paredes & Zavalaga 2001, Kemper et al. submitted 1), be-
tween 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).

In this study the 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 success was highest for nests initiated at
the end of October. The probability of success at Possession
Island was highest 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 tempera-
tures seldom exceed 25°C (Pallett 1995). However, 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 40°C, resulting in large-scale abandonment of
nests (Kemper et al. submitted 1). Nests initiated after
October are 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 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, leaving nest contents ex-
posed. 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). Such disturbance is usually caused by fight-
ing gulls protecting their young through noisy aerial attacks;
this can be greatly exacerbated by human presence. Pen-
guin eggs laid at the end of October would hatch exactly at
the time when the threat of predation by Kelp Gulls is great-

Table 6: Estimates of breeding success, in terms of the number of chicks fledged, for African Penguins at localities in South Africa

Breeding locality Position Nest type Number of fledglings produced per: Reference

nesting attempt pair pair/year

Marcus and 33°03'S 17°58'E, 0.15–0.55 Adams et al. 1992
Jutten 33°05'S 17°57'E
Marcus 0.49–0.63 La Cock et al. 1987, La Cock & Cooper 1988
Dassen 33°25'S 18°05'E Burrows 0.67 Frost et al. 1976

Under rocks 0.51 Frost et al. 1976
Exposed 0.37 Frost et al. 1976

0.58–0.62 Wolfaardt & Nel 2003
c. 0.8 Whittington et al. 2000

Robben 33°48'S 18°22'E 0.4–0.6 Crawford et al. 1995
0.32–0.65 Crawford et al. 1999, 2000
0.8 Whittington et al. 2000
0.46–0.73 Crawford et al. 2006b

The Boulders 34°11'S 18°27'E 0.61 Crawford et al. 2000
0.65 Whittington et al. 2000

Stony Point 34°22'S 18°54'E 0.11–0.39 Whittington et al. 1996
St Croix 33°47'S 25°46'E 0.38 Randall 1983
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est. 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 re-
spects, but when predation risk is minimal, may therefore be
beneficial at this particular locality. At Possession Island,
optimal nest initiation is a month earlier than at Mercury and
Ichaboe islands, 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
which do not produce replacement clutches or second
clutches (Boersma et al. 1990). However, even for species
such as African Penguins, which have an extended breed-
ing season and can produce several clutches per year, there
appears to be an optimum period for egg-laying, albeit that
the timing thereof is less restricted or synchronous than for
more seasonal species. Whereas the seemingly poorly-timed
incubation peak in July at Halifax Island may decrease the
probability of being successful during that period, this strat-
egy may ultimately increase the likelihood of individuals
maximizing their annual breeding success through increas-
ing their chances 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 vulnerabil-
ity 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 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 ex-
posed to disturbance caused by gulls or humans, and gulls
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 pen-
guins 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 breed-
ing success at African Penguin breeding localities in Namibia,
with protected nests faring better than exposed nests.

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 & Diem 1983, Bradley et
al. 1995, Daunt et al. 2001), particularly during years with
poor breeding conditions (Murphy et al. 1992). The relation-
ship between parental quality, age or experience and nest
choice was not investigated in this study, and it is possible
that differences in both breeding success and nest site char-
acteristics were influenced by pair quality.

Although breeding success at the Namibian breeding
localities compared favourably with estimates obtained from
South African localities, these figures appear to be insuffi-
cient to keep the African Penguin population in Namibia
stable. Nest sites providing shade and protection from preda-
tors 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 deploy-
ment of artificial burrows at these localities to further boost
breeding success should be considered. At localities such as
Ichaboe Island, drainage channels should be maintained to

encourage water run-off during rainstorms and minimize
flooding of nests. In addition, measures to deter Kelp Gulls
from nesting at breeding localities, particularly at Halifax and
Possession Islands, should be considered.
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