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From 2004-2011, following the collapse of sardine Sardinops sagax, a main food for African Penguins
Spheniscus demersus, to < 25% of its maximum recorded abundance, survival of penguins breeding at Dassen and
Robben islands, north of Cape Town, South Africa decreased markedly. Based on numbers of penguins breeding at
the two islands and observed increased levels of mortality, it was estimated that ~62 000 breeding individuals (~95%
of the birds that elected to breed in 2004) died as a result of food scarcity in this eight-year period. African Penguins
moult annually, coming ashore and fasting for 21 days, when they shed and replace all their feathers. Failure to
fatten sufficiently to moult, or to regain condition afterwards, results in death. At both islands, annual survival rates
of adult penguins, and proportions of breeders that failed to return to their colonies to moult, were significantly
related to an index of prey availability developed for the region. Although some adults moulted at a colony to the
southeast, where food may have been more plentiful, much of the mortality likely resulted from failure of birds
to fatten sufficiently to moult. The fishery exploitation rate of sardines west of Cape Agulhas was consistently
above 20% between 2005 and 2010, peaking at 80% in 2006. In 2024, African Penguins were uplisted to Critically
Endangered on the IUCN Red List. Management that helps to promote the long-term recovery of sardine biomass in
the main foraging areas of African Penguins throughout their annual cycle will be important in securing their future
survival.

Famine comme la cause la plus probable de la mortalité élevée d’adultes de Manchots du
Cap Spheniscus demersus en Afrique du Sud aprés 2004

De 2004 a 2011, a la suite de I'effondrement des stocks de sardines Sardinops sagax, principale source
de nourriture des Manchots du Cap Spheniscus demersus, qui ont chuté a moins de 25 % de leur abondance
maximale, la survie des manchots se reproduisant sur les iles Dassen et Robben, au nord du Cap, en Afrique du
Sud, a considérablement diminué. Sur la base du nombre de manchots se reproduisant sur les deux iles et de
I’augmentation observée des taux de mortalité, on estime qu’environ 62 000 individus reproducteurs (soit environ
95 % des oiseaux qui avaient choisi de se reproduire en 2004) sont morts en raison de la pénurie alimentaire
au cours de cette période de huit ans. Les manchots africains muent chaque année, venant a terre et jeinant
pendant 21 jours, pendant lesquels ils perdent et remplacent toutes leurs plumes. S’ils ne parviennent pas a
s’engraisser suffisamment pour muer ou a retrouver leur condition physique aprés la mue, ils meurent. Sur les
deux fles, les taux de survie annuels des manchots adultes et la proportion de reproducteurs qui n’ont pas
réussi a retourner dans leurs colonies pour muer étaient étroitement liés a un indice de disponibilité des proies
élaboré pour la région. Bien que certains adultes aient mué dans une colonie située au sud-est, ou la nourriture
était peut-étre plus abondante, une grande partie de la mortalité était probablement due au fait que les oiseaux
n’avaient pas réussi a s’engraisser suffisamment pour muer. Le taux d’exploitation de la sardine a I'ouest du
cap Agulhas a été constamment supérieur a 20 % entre 2005 et 2010, atteignant un pic de 80 % en 2006. En 2024,
les Manchots du Cap ont été reclassés dans la catégorie ‘en danger critique d’extinction’ sur la Liste rouge de
’'UICN. Une gestion qui contribue a favoriser la reconstitution a long terme de la biomasse de sardines dans les
principales zones d’alimentation des Manchots du Cap tout au long de leur cycle annuel sera importante pour
assurer leur survie future.
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Introduction

The number of African Penguins Spheniscus demersus
breeding in South Africa collapsed from ~56 000 pairs in
2001 to ~21 000 pairs in 2009, a loss of ~35 000 pairs
(70 000 breeders, > 60% population decline) in eight years.
Of these 35 000 pairs, ~11 000 (22 000 breeders) were
lost from the Eastern Cape and ~24 000 (48 000 breeders)
were lost from the Western Cape (Crawford et al. 2011).
When including Namibian birds, this reduced the global
population to 26 000 pairs, and led to classification of the
species as Endangered in 2010 (BirdLife International
2024). In 2024, following further decreases in South Africa
and Namibia, the species was subsequently uplisted to
Critically Endangered (BirdLife International 2024; Sherley
et al. 2024).

The decrease of penguins in the Eastern Cape in the
early 2000s coincided with both an increased catch of
sardine Sardinops sagax in that region and construction
of the Coega harbour (Figure 1), making it difficult to
ascribe losses to a specific cause (Crawford et al. 2009).
In African Penguins, food availability has been linked to
survival (both immature and adult, Sherley et al. 2014a),
age at first breeding (Whittington et al. 2005a), participation
in breeding (Crawford et al. 1999) and breeding success
(e.g. Crawford et al. 2006a; Cury et al. 2011). The
population decrease in the Western Cape this century was
underpinned mainly by increased mortality of mature adults
attributed to food scarcity (e.g. Crawford et al. 2011, 2022;
Sherley et al. 2014a; Weller et al. 2014). In particular,
South Africa’s stock of sardine was below the long-term
(1984-2022) mean biomass of 820 000 t for this species
in 15 of the 18 years (83%) between 2005 and 2023
(excluding 2021, when no survey was made) (Coetzee and
de Moor 2024). For 12 of those years (66%), it was below
500 000 t, including ‘extreme lows of about 250 000 t in
2016 and 2020, about 190 000 t in 2019 and a thirty-year
low of only 91 000 t in 2018’ (Coetzee and de Moor 2024,
p 6). Moreover, the biomass of sardine found to the west of
Cape Agulhas — close to the once large seabird colonies
of the Western Cape — has been below 336 000 t, or 25%
of the maximum value observed west of Cape Agulhas
of ~1.34 million t (Robinson et al. 2015), for all but two
years since 2004 (see Figure 12 of Coetzee and de Moor
2024). This 25% value has been identified as a threshold
beneath which survival of adult penguins at Robben Island
decreased markedly (Robinson et al. 2015). In estimating
the relative impacts of bottom-up (e.g. food) and top-down
(e.g. predation) control on African Penguins in the Western
Cape, Crawford et al. (2018) noted that colonies in that
province were well monitored in the early 21st century so
that losses could reasonably be apportioned to different
causes. They deducted mortality attributable to factors
other than food', assumed that the balance resulted from
insufficient prey availability and concluded that ~45 250
breeders were likely lost as a result of food scarcity.

' Cape Fur Seals Arctocephalus pusillus pusillus were estimated to have
killed c. 2 400 adult African Penguins at Dyer Island between 2001 and
2009. In the same period, at least 324 penguins died as a result of oiling
(Crawford et al. 2018).

In this paper, we further explore the impact of food
availability on numbers of African Penguins at Dassen
and Robben islands to the north of Cape Town (Figure 1)
in the early 21st century, and attempt to identify the
stage in the penguins’ annual cycle at which birds were
most susceptible to depleted prey resources. Underhill
et al. (2006) found that penguin numbers at different
colonies, such as Dassen and Robben islands, tended to
rise and fall in similar ways, and these patterns were linked
to food availability. In this study, we update the data from
these two islands to see if their population trends continued
to follow the same pattern up to 2015.

Methods

Data

We used counts of numbers of breeding pairs of African
Penguins (Crawford et al. 2011; Makhado et al. 2025) and
of numbers of adult-plumaged penguins moulting (Underhill
and Crawford 1999; Wolfaardt et al. 2009; Robinson
et al. 2015; updated by data held by the Department of
Forestry, Fisheries and the Environment (DFFE) from
monitoring conducted by DFFE and CapeNature) at
Dassen and Robben islands for 1995-2015; and estimates
of annual adult survival of penguins (¢,) made at both
islands using capture-mark-recapture (CMR) analyses for
2004-2011 (Sherley et al. 2014a). Most adult penguins
at Dassen and Robben islands moult between November
and January (Crawford et al. 2006b), so that counts of
moulting birds for year t spanned the split year t/t + 1. At
Dassen Island, counts of moulters are underestimates
because many penguins moult in burrows (Wolfaardt
et al. 2009). We assumed that the proportion of moulters
not counted remained constant across years.

Analyses

Robinson et al. (2015) showed that when South Africa’s
stock of sardine west of Cape Agulhas fell below 25% of
its maximum observed biomass, adult survival (¢,5) at
Robben Island decreased from a value of c. 0.87 p.a. to
markedly lower levels. A similar response was found by
Sherley et al. (2014a) at both our focal islands. The mean
adult survival rate between 1994/95 and 2001/02 at Dassen
Island was 0.78 p.a., while at Robben Island it was 0.84
(Sherley et al. 2014a). At both colonies ¢, averaged 0.59 p.a.
between 2004/05 and 2011/12 (Sherley et al. 2014a), when
the sardine biomass off west South Africa was < 25% of its
maximum value (Robinson et al. 2015).

We estimated the increase in adult mortality associated
with food scarcity at both Dassen Island (AM,,,) and
Robben Island (AM, ) in the years (f) 2004-2011 (i.e. after
the biomass of sardine fell below the threshold of 25% of its
maximum) as:

ANIa,D,t = 078 - <I)a,D,t
AMa,R.t = 084 - ¢a.R,t (Eqn 1)
where 0.78 and 0.84 were the 1994/95-2001/02 mean
survival rates for Dassen and Robben islands, respectively
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Figure 1: The positions of localities mentioned in the text (circles; a) and of four African Penguin Spheniscus demersus breeding colonies off
southwest South Africa (stars; b). The northern and eastern boundaries of the Benguela Upwelling System are indicated by the dashed lines in (a)

(from Sherley et al. 2014a, see above) and ¢,,, and ¢,
were the island-specific annual estimates of ¢, from Sherley
et al. (2014a) for 2004/05 to 2011/12. This gives the excess
mortality relative to baseline survival at each site. We then
estimated the number of additional adult deaths attributable
to low sardine biomass (AD) at each island as:

AD;, = 2:P;;AM, (Ean. 2)
where P, is the number of pairs breeding at island i in
year t, and each pair is assumed to represent two adults.
Summing the values of AD,, over 2004-2011 provided an
estimate of the loss of breeding penguins attributable to
reduced food availability in that period.

Finally, for the period 1995-2015, we used the numbers of
breeding pairs (P;;) and counts of adult-plumaged birds that
later moulted (F,,) to estimate the proportion of breeders that
failed to moult at their nesting colonies after breeding as:

MM, = (2:P;;— F;)/(2:P;,) (Ean. 3)
This proportion (‘MM’ = missing moulters) may reflect
birds that died, deferred moult (e.g. Kemper et al. 2008) or
moulted away from the colony (e.g. Whittington et al. 2005b;
Carpenter-Kling et al. 2022).

Crawford et al. (2019) used a principal component
analysis of monthly information on the diet composition of
Cape Gannets Morus capensis at two colonies to develop
an index of the availability to seabirds of sardine and
anchovy Engraulis capensis, termed forage availability
index (FAIl), off west South Africa for 1995-2015. We
investigated the relationship between MM,, and FAI, for both
Dassen and Robben islands, anticipating that it would be
negative if breeders died between the onset of breeding
and the feather-shedding phase of moult or moved to other
localities to moult (Whittington et al. 2005b; Carpenter-Kling
et al. 2022), on account of food scarcity near the islands.

Because we previously detected non-linear relationships
between the FAI and numbers of seabirds in South Africa
(Crawford et al. 2019), we used the ‘gamm’ function from
the mgcv library (v. 1.9-1; Wood 2003, 2017) for R (v. 4.4.3;
R Core Team 2025) to fit a generalised additive model
(GAM) of the form:

MM, = a + S(X) + ¢, (Ean. 4)
where MM;, was the proportion of missing moulters
(Egn. 3) at colony i in year t; a is the intercept; S(X)) is a
non-parametric smoothing function, specifying the shape
of the effect of the forage availability index (FAI) on MM,
and ¢, is a normally distributed error term (N(O, o?)),
with the o? estimated from the data. We used thin plate
regression splines (Wood 2003) and allowed the degrees
of freedom of the smoothing function to be selected
automatically by generalised cross-validation (GCV), with
the option for the function to be linear (e.g. S(X)) = B x X,
where B is the slope).

For 1995-2014, for both islands we also examined
the relationship between adults moulting in the split-year
t/t + 1 and numbers breeding in year t + 1. We thought it
unlikely that substantial enhanced mortality would have
occurred after the birds had successfully moulted in a
given year, so we expected these relationships to be linear
and positive because numbers moulting should provide a
good prediction of numbers breeding. We therefore initially
assessed these relationships using linear models (‘Im’
function in R). For each model (GAMs and linear models),
we assessed residual plots for normality and heterogeneity
of variance and checked for an absence of autocorrelation
using the ‘acf function for autocorrelation plots and the
‘dwtest’ function from the Imtest library (v. 0.9-40; Zeileis
and Hothorn 2002) to conduct the Durbin-Watson test
(Durbin and Watson 1950, 1951). Both linear models
showed evidence of significant first-order autocorrelation
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in their residuals. We therefore refit these models using
the ‘hildreth.lu’ function from the HoRM library (v. 0.1.3;
Young 2017) in R to implement the Hildreth-Lu estimation
(Hildreth and Lu 1960), with p = 0.36 at Dassen Island
and p = 0.44 at Robben Island sufficient to clearly remove
the evidence of first-order autocorrelation in the residuals
(Durbin-Watson p > 0.1).

And, lastly, Underhill et al. (2006) showed that African
Penguin populations at different colonies in the same region
tended to fluctuate in similar ways over time (‘regional
coherence’). To test whether this coherence persisted, we
calculated Pearson’s correlation coefficients for the number
of breeding pairs, adult moulters and missing moulters at
Dassen and Robben islands from 2000 to 2015.

Results

Over the eight-year period 2004-2011, the additional
mortality of breeding African Penguins, estimated to have
arisen as a result of depletion of the sardine biomass to
below 25% of its maximum value (the threshold beneath
which mortality increased, Robinson et al. 2015), was 44 602
and 17 155 individuals at Dassen and Robben islands,
respectively. This amounted to ~62 000 adult penguins, or
the equivalent of ~95% of the ~65 000 individuals that bred at
these islands in 2004.

For 1995-2015, at both Dassen and Robben islands the
proportion of breeders that failed to moult at their nesting
colonies after breeding was non-linearly related to the
FAI (Figure 2). At Dassen Island, the proportion of missing
moulters was consistently above 0.6 when the FAI was
negative (from 2003 to 2015) and below 0.6 when it was
positive (1995 to 2002). At Robben Island, the pattern was
similar, but the transition between positive and negative FAI
phases was less clear. The proportion of missing moulters at
Robben Island was predominately positive while the FAI was
negative, with one exception in 2003, and negative in six of
the eight years when the FAI was positive — the exceptions
being 2001 and 2002, the years of the two highest FAI values.

Over the period 1995/96 to 2015/16, numbers of adult
penguins moulting in split year t/t + 1 were significantly
positively related to those breeding in year t + 1 for both
Dassen (n = 21, adjusted r* = 0.631, F,,;, = 31.8, p < 0.001)
and Robben (n = 21, adjusted r* = 0.626, F,,, = 31.1,
p < 0.001) islands based on the Hildreth-Lu estimation
(Figure 3).

For 2000-2015, numbers of African Penguins breeding
at Dassen and Robben islands were significantly correlated
with each other (n = 16, r = 0.957, p < 0.001). This was
also the case for numbers of adult penguins moulting at the
islands (n = 16, r = 0.918, p < 0.001) and the proportions of
breeders that subsequently missed moult (n = 16, r = 0.722,
p =0.002).

Discussion

Starvation-induced mortality

In 2004, at the start of the period considered in this study,
~65 400 African Penguins elected to breed at Dassen
and Robben islands (~32 700 pairs), and about 108 000
penguins (~54 000 pairs) did so across the species

breeding range (see Sherley et al. 2024). Our calculations
suggest that in the eight-year period from 2004 to 2011,
~62 000 of those birds breeding at Dassen and Robben
islands died as a consequence of South Africa’s sardine
resource located to the west of Cape Agulhas collapsing
below, and remaining less than, 25% of the maximum
observed value in that region (i.e. ~336 000 tonnes).
Breeding African Penguins show high fidelity to mates and
hence to colonies (Randall 1983; Crawford et al. 1995),
which exposes them to risk of local prey depletion. Age
at first breeding of African Penguins is usually 4-6 years,
and dependent on food supplies (Whittington et al. 2005a),
and the proportion of sexually mature birds that breed is
also related to prey availability (Crawford et al. 1999). Thus
the number of adult-plumaged penguins that died as a
result of food scarcity may have been larger. Regardless,
it was more than the loss of ~45 250 breeders estimated
for South Africa’s Western Cape for 2001-2009 (Crawford
et al. 2018). This discrepancy results from the different
geographical extents of the studies, and because numbers
of penguins breeding at both Dassen and Robben islands
increased between 2001 and 2004 but decreased from
2009 to 2011 (Makhado et al. 2025).

In 2000, the Treasure sank between Dassen and
Robben islands and oil from that ship washed ashore on
penguin landing beaches at both islands. About 19 000
oiled penguins were collected for cleaning, care and
subsequent return to the wild (~2 000 died in captivity),
and ~19 500 unoiled penguins were relocated to prevent
them becoming oiled (Crawford et al. 2000). Deplorably,
our results underline that the number of adult penguins
lost shortly afterwards at Dassen and Robben islands
through food scarcity was > 1.5 times the quantity saved
by the rescue operation. Further, it is sobering that the
number of breeders lost to food scarcity at Dassen and
Robben islands from 2004-2011 was approximately three
times larger than the global population of African Penguins
remaining in 2023 (~19 800 breeders; Sherley et al. 2024).

The vulnerable moult period

African Penguins undergo a catastrophic moult each
year, usually shortly after the conclusion of their breeding
season (Randall and Randall 1981; Kemper et al. 2008).
During moult, they come ashore for about 21 days to
shed and replace all their feathers at once (Randall and
Randall 1981). Penguins need to moult approximately
annually (Randall and Randall 1981; Kemper et al. 2008)
because both the insulation and hydrodynamic capacity
of feathers degrades over time. Penguins with year-old
plumage (i.e. those about to moult) have a top underwater
swimming speed of about 14 km h-', compared to about
19 km h=' with new plumage (Wilson 1985), and likely have
higher metabolic costs of swimming from the additional
drag and poorer insulation. While ashore moulters also
fast, losing ~47% of their body mass, part of which is
substantial atrophy of the pectoralis and supracoracoideus
muscles that power swimming. So, although their feathers
are in excellent condition immediately post-moult, the
muscle atrophy means they may temporarily be able
to obtain maximum swimming speeds of only around
10 km h=', about the same top speed as their preferred
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remove serial autocorrelation from the residuals

prey (Wilson 1985). Penguins must therefore fatten at sea
beforehand and rebuild condition afterwards for ~35 and
42 days pre- and post-moult, respectively (Randall 1983,
1989; Adams and Brown 1990). Pre-moult adults are on
average 31% heavier than breeding adults (Cooper 1978)

and failure to fatten sufficiently for the energetically costly
moult, or to regain condition afterwards, results in death
(Morgenthaler et al. 2018; Carpenter-Kling et al. 2022).
Hence, moult is a critical period in their annual cycle
(Wolfaardt et al. 2009) and birds needing to prepare for
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moult will abandon breeding attempts, including unfledged
chicks, in order to fatten (Sherley et al. 2014b).

Estimating mortality from missing moulters

The feather-shedding phase of moult lasts about
12.7 days in African Penguins (Randall 1983), so counts
of penguins moulting feathers at intervals of ~12.7 days
can provide an estimate of numbers moulting at a locality
(Randall et al. 1986), especially when moult timing is quite
synchronous and birds are highly visible, e.g. congregating
at the coast to drink or preen, as was the case at Robben
Island until 2004 (Underhill and Crawford 1999; Crawford
et al. 2006b; Mdluli and Barham 2022). Although mature
penguins will not necessarily breed every year (Leith
et al. 2022), as noted above, they need to moult to survive
and the majority have historically moulted at their breeding
islands (Randall et al. 1986, Whittington et al. 2005b). The
negative values of missing moulters (MM) at Robben Island
between 1995 and 2000 broadly coincided with the positive
phase of the food availability index (FAI; 1995-2002,
Figure 2) and indicates that more adults moulted at the
island than bred in the preceding nesting season. This
suggests that the majority of breeders subsequently
moulted at Robben Island in these years, along with a
number of mature birds that had elected not to breed that
season, or were unable to get into sufficient body condition
to breed, or substantial numbers of adult-plumaged
pre-breeders. Similarly, although the MM proportions were
never negative at Dassen Island (because many penguins
moult in burrows there; Wolfaardt et al. 2009), the clear
distinction in the proportions of missing moulters when the
FAl was positive (1995 to 2002, MM < 0.6) from when it
was negative (from 2003 to 2015, MM > 0.6; Figure 2) also
suggests that there was insufficient food near these islands
for many breeders to fatten in their vicinity after 2002.

It is also worth noting that some of the MM in our
dataset could have been due to birds choosing to moult
elsewhere, particularly towards the end of our time-series.
Only 50% of pre-moult birds tracked from Dassen Island
between 2012 and 2019 moulted at the island; the other
half moulted at Stony Point 150 km to the southeast. Some
travelled to the east of Cape Agulhas to fatten (Carpenter-
Kling et al. 2022). No unusual mortality or strandings of
emaciated birds were observed ashore at either colony or
on the continental mainland (Crawford et al. 2018) as has
been seen in, for example, Southern Rockhopper Penguins
Eudyptes chrysocome (Morgenthaler et al. 2018).
Nevertheless, between 1994/1995 and 2011/2012, survival
of adult African Penguins at Dassen and Robben islands
was positively related to the FAI, which, unfortunately for
seabirds off west South Africa remained low until at least
2015 (Crawford et al. 2019). This suggests that a dearth
of food near Dassen and Robben islands likely caused
substantial mortality of pre-moulters at sea.

Food availability for pre- and post-moulting birds

The positive relationships between numbers of adult
penguins moulting and those later breeding for both Dassen
and Robben islands (Figure 3) suggest most penguins that
successfully moulted were subsequently able to regain
body condition and return to colonies to nest, in contrast to

the MM (birds that bred but then failed to appear in moult
counts), which appear to have most likely died as a result
of starvation (Figure 2). This further underpins the critical
importance of good food availability for penguins pre-moult
to attain sufficient body condition to make it through
the moult fast, something also noted in other species,
including Adelié Pygoscelis adeliae, Little Eudyptula minor,
and Southern Rockhopper Penguins (Gales et al. 1988;
Southwell et al. 2015; Morgenthaler et al. 2018). Equally,
birds need a reliable food resource close to the moulting
location immediately after moult, when their body mass is
critically low (Kooyman et al. 2004).

The positive relationships between numbers of adult
penguins at Dassen and Robben islands that bred,
moulted or failed to return to moult imply these trends were
influenced by factors that operated at a regional rather
than island-specific scale, corroborating previous findings
for 1996—2005 (Underhill et al. 2006). Availability of food
to seabirds in the Benguela upwelling system may be
influenced by environmental perturbations, e.g. Benguela
Nifios (Crawford et al. 2007), or other natural factors
that displace fish stocks away from colonies (Crawford
et al. 2015), and by fishing pressure that depletes local
or regional prey availability. The harvest proportion
(fishing pressure) of sardine west of Cape Agulhas was
consistently above 20% (including small sardine bycatch)
between 2005 and 2010, sometimes markedly so (peaking
at 80% in 2006; Coetzee and de Moor 2024). High regional
exploitation rates give rise to the potential for localised
fisheries’ impacts on dependent predators. For example,
70 000 tonnes of sardine were caught within 30 km of
Dyer Island in 2004 and, when the size of that African
Penguin colony was > 3 500 pairs, numbers breeding
were negatively related to sardine catches made within 20
nautical miles of it (Ludynia et al. 2014).

Management measures
In 2020, a Benguela Current Forage Fish Workshop, held
under the auspices of the Agreement on the Conservation
of African-Eurasian Migratory Waterbirds (AEWA), an
intergovernmental treaty to which South Africa is a party,
recommended development of ‘a toolbox for the flexible and
spatially appropriate management of forage fish in relation
to threatened endemic Benguela seabird species in an
effort to increase the availability of sufficient forage fish in
key foraging areas throughout the annual cycle, including
consideration of applicable management and conservation
options, such as:

» Setting ecosystem thresholds, i.e. sizes of forage resource
populations below which a range of precautionary
measures relating to fishing would be implemented at
various spatial scales;

» Closing of key foraging areas to fishing adjacent to major
seabird colonies during the critical stages of their life cycle;

* Implementing spatial management of fishing pressure
in important foraging areas for non-breeding seabirds’
(AEWA 2020, p 3).

In 2023, an international expert panel reviewing results
from experimental fishing closures adjacent to African
Penguin breeding colonies noted that these closed areas
were likely to have a positive impact on population growth
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rates and that ‘Future closures of forage-fish fishing
around penguin colonies would be likely to benefit penguin
conservation, but should be part of a larger package of
conservation measures as such closures alone would be
unlikely to reverse the current decline in penguin population
numbers’ (Punt et al. 2023, p 23).

Later the same year, South Africa’s Minister of Forestry,
Fisheries and the Environment implemented no-take
fishing zones around six African Penguin colonies that
held 76% of the species’ global population, but their
spatial extent was assessed as ‘having little benefit to the
African Penguin and little to no cost to the purse-seine
fishery’ (Mclnnes et al. 2024, p 1632). Consequently,
in 2025, after a settlement between the conservation
and fishing industry sectors was made an official order
of the South African High Court, the Minister of Forestry,
Fisheries and the Environment amended the extents of the
closures to take better account of the foraging ranges of
the penguins. It is hoped that the revised closures — which
will operate year-round until at least 2033 — will decrease
mortality of African Penguins and improve their breeding
success at the six colonies around which they have been
implemented. However, in the face of the ongoing impact
of climate change on the abundance and distribution of
their key prey, other interventions are likely to be needed
(Punt et al. 2023), including those recommended by AEWA
(2020) concerned with broader spatial management of
fishing pressure. Comparison of fish community indicators
west and east of Cape Agulhas additionally draws attention
to the need for spatial management of fishing pressure
(Shannon et al. 2024). Management of fishing pressure
should also take account of the larger proportion of
prey stocks consumed by predators at low levels of prey
biomass (Saraux et al. 2021) and explore whether the
current Operational Management Procedures employed
by DFFE to allocate sardine and anchovy catches are
adequately precautionary to the foraging needs of African
Penguins (Punt et al. 2023).

With the global population falling to less than 10 000
pairs for the first time in 2023, it is now critical to make
every effort to avert further reductions in colony sizes of
African Penguins. Empirical information demonstrates that
the probability of colony extinction increases as colonies
get smaller (Crawford et al. 2001), inter alia because
small colonies suffer from Allee effects (reduced fitness
at low population sizes increasing extinction risk; e.g.
Ryan et al. 2012). For example, African Penguins that
feed in groups have a higher catch of prey per unit effort
than solitary birds (Mclnnes et al. 2017), but colonies
may become too small for sufficient foraging groups to
form (Ryan et al. 2012). The fishing closures around
the six African Penguin colonies, and broader-scale
management of fishing pressure on South Africa’s sardine
and anchovy resources, will help offset colony decreases,
and should also benefit the two other seabirds endemic
to the region that depend on sardine and anchovy: Cape
Gannet, which has undergone a population decline
consistent with a global conservation status of Vulnerable
(Sherley et al. 2019; Pistorius 2025) and Cape Cormorant
Phalacrocorax capensis, which is considered Endangered
in South Africa (MclInnes et al. 2025).
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