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From 1997-2005, the distribution of sardine Sardinops
sagax off South Africa shifted 400 km to the south and
east, influencing its availability to breeding seabirds. It
became progressively less available to seabirds in the
Western Cape Province, where the number of African
penguins Spheniscus demersus breeding decreased by
45% between 2004 and 2006. The number of penguins in
adult plumage that moulted at Robben Island decreased
by 62% between 2003/04 and 2006/07, suggesting a
maximum annual survival rate in this period of 0.68 com-
pared to 0.82 estimated for the 1990s. Penguins estab-
lished a new mainland colony in the east of the province
in 2003. In the Western Cape Province, the number of
Cape gannets Morus capensis breeding decreased by
38% between 2001/02 and 2005/06. There was almost
complete breeding failure by gannets in 2005/06 and
2006/07. The contribution of sardine to the diet of gan-

nets fell from an average of 40% during 1987-2003 to 5—
7% in 2005 and 2006. The proportions of Cape cormo-
rants Phalacrocorax capensis and swift terns Sterna
bergii in the province that bred in the south increased as
sardine moved south and east. In the Eastern Cape Prov-
ince, the number of penguins breeding halved between
2001 and 2003, whereas after 2002 there was an increase
in the number of Cape gannets that bred and in the con-
tribution of sardine to their diet. Cape gannets have a
greater foraging range than African Penguins when
breeding. Management measures that may to some ex-
tent mitigate the impacts on seabirds of an unfavourable,
long-term change in the distribution of prey include the
provision of breeding habitat where prey is abundant,
spatial management of fisheries competing for prey and
interventions aimed at limiting mortality.
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Introduction

Seabirds when breeding are central-place foragers. They are
constrained to return to their colonies to feed young and, if
they are successfully to fledge chicks, must source adequate
supplies of food within a reasonable distance of their breed-
ing localities. An altered distribution of prey can have a major
impact on their breeding success. For example, episodic
events such as El Nifios in the Humboldt ecosystem off Peru
and Chile have displaced forage resources away from
seabird breeding localities, leading to a greatly reduced re-
productive success (Hays 1986, Simeone et al. 2002). When
oceanographic conditions return to a more normal state, the
seabirds again breed successfully (Paredes et al. 2002).
Seabirds in such unpredictable environments often have a
biology that enables the recovery of populations after envi-
ronmental perturbations. However, if episodic events are of
sufficient frequency and severity, long-term population de-
creases may occur, as with the Galapagos penguin
Spheniscus mendiculus (Vargas et al. in press). In a study
of the life-history characteristics of seabirds in two upwelling
ecosystems, it was found that those in the Humboldt system,
where adverse environmental conditions were frequent, had
a biology that enabled them to recover more rapidly than their

counterparts in the Benguela system, where such per-
turbations occur less often (Crawford et al. 2006c).

Continuing environmental change, perhaps linked to glo-
bal climate change, may cause a more permanent displace-
ment of prey, with longer-term, often catastrophic, effects on
seabird populations. For example, severe decreases in the
populations of rockhopper penguins Eudyptes chrysocome
at several sub-Antarctic breeding localities have been attrib-
uted to an altered distribution of food brought about by a
changed environment (Moors 1986, Cunningham and Moors
1994, Guinard et al. 1998, Crawford et al. 2003). Reproduc-
tive output may not only be influenced by a displacement of
prey during the breeding season. If seabirds have to travel
farther to winter foraging grounds, and consequently return
to breeding localities in a poorer condition, the production of
fledglings also may be affected. For rockhopper penguins at
Marion Island, breeding success was significantly related to
the mass of females on arrival for breeding (Crawford et al.
2006b). For both rockhopper and macaroni E. chrysolophus
penguins, over-wintering conditions may influence the pro-
portions of birds breeding (Crawford et al. 2006b).

In South Africa, sardine often contributes substantially to
the diet of four seabirds: African penguin S. demersus, Cape
gannet Morus capensis, Cape cormorant Phalacrocorax
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Figure 1: South Africa showing the main breeding localities of seabirds in the Western and Eastern Cape Provinces and the centre of gravity
of purse-seine catches of sardine, 1987—-2005, from information in Fairweather et al. (2006)

capensis and swift (or crested) tern Sterna bergii (Hockey et
al. 2005). Between 1997 and 2005 there was a progressive,
large-scale, eastward displacement of catches of sardine
Sardinops sagax made by the purse-seine fishery off South
Africa (Fairweather et al. 2006). This has provided the oppor-
tunity to examine some consequences for seabirds of an
ongoing shift in the distribution of prey, because several
parameters of seabirds were monitored over the period of the
change. In South Africa, there are two regions where seabird
breeding islands are concentrated: the Western Cape Prov-
ince and Nelson Mandela Bay (formerly Algoa Bay) in the
Eastern Cape Province (Fig. 1). These regions are separated
by a distance of about 600 km. The centre of gravity of sar-
dine catches coincided with the location of the main seabird
breeding colonies in the Western Cape in 1997, but by 2005
had been displaced some 400 km to the south-east placing
it between breeding localities in the Western Cape and the
Eastern Cape (Figure 1).

The four seabirds also feed on other pelagic shoaling fish,
notably anchovy Engraulis encrasicolus (Crawford and Dyer
1995), which also affects their population dynamics (e.g.
Crawford et al. 1992b, 2006a, 2007, Crawford 2003), but we
restrict ourselves here to examining the impact of the dis-
placement of sardine for the seabirds. We consider possible
means to mitigate the impact for seabirds of an unfavourably
altered distribution of prey.

Methods

Longitudinal positions for the centre of gravity of purse-seine
catches of sardine off South Africa were available for 1987—
2005 (Fairweather et al. 2006). These positions were stand-
ardized to fall between 1 (the most western point) and 0 (the
most eastern point) in order to produce an index of W-E dis-
tribution.

Estimates of the number of African penguins, Cape gan-
nets, Cape cormorants (at the six main localities) and swift
terns breeding in the Western Cape from 1987/1988 to 2005/
2006 were taken from information in Underhill et al. (2006,
updated by unpublished data held by Marine and Coastal
Management), Crawford et al. (2007), Crawford and Dyer
(1995, updated) and Crawford (2003, updated), respectively.
Estimates of the number of African penguins and Cape gan-
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nets breeding in the Eastern Cape were taken from Crawford
et al. (2001, updated) and Crawford (2007), respectively.
Most African penguins in South Africa breed from January—
September, Cape gannets and Cape cormorants from Sep-
tember—March and swift terns from January—June (Hockey
et al. 2005). For Cape cormorants and swift terns, the pro-
portion of birds in the Western Cape that bred to the south
of Cape Point was calculated. At Robben Island, estimates
were also made of the number of African penguins in adult
plumage that moulted along the coastline. Counts of pen-
guins in the feather-shedding phase of moult were made at
approximately two-week intervals between October 1988
and January 2007. The feather-shedding phase (from the
time the first feathers stand out until the last loose feathers
fall away) has a mean duration of 12.7 days (s.d. = 1.4 days,
n =45, Randall et al. 1986). Counts were interpolated linearly
to estimate numbers in moult for each day between actual
counts (Underhill and Crawford 1999). The interpolated
counts were summed for the split year 1 July—30 June, then
divided by 12.7 to gauge the number of birds at Robben
Island moulting in each split year. At Robben Island, moult
is mainly from October to January (Underhill and Crawford
1999).

For the period 2003/04-2006/07, an estimate of the an-
nual mortality rate of penguins in adult plumage was made
from the equation:

S = (Nag06/07/N2003104) ™

where S is the annual survival rate and N, , is the number
of adults moulting in split year t/t+1. The estimate is based
on two assumptions. The first is that no birds in adult plum-
age that were at Robben Island in 2003/04 moved to other
localities to moult in 2006/07. This is thought to be correct
because there were also large decreases in the numbers of
birds moulting at Dassen and Dyer islands, the other main
breeding localities in the Western Cape (ACW and L. Waller,
CapeNature, pers. comm.). Other localities were not checked
as often, but none had obviously more moulting birds than
usual. The second assumption is that no young adult-
plumaged birds recruited to Robben Island between 2003/04
and 2006/07. It is likely that some did, in which case the
survival rate will have been overestimated.



The breeding success of Cape gannets was measured at
Lambert’s Bay from 1991/92—-2005/06, except 2001/02, and
at Malgas Island from 1987/88—2006/07, using methods de-
scribed by Staverees et al. (in press). The value for Lam-
bert’'s Bay in 2001/02 was taken to be the mean of those in
2000/01 and 2002/03.

From 1987-2005 at Lambert’'s Bay and 1987-2006 at
Malgas Island, the diet of the Cape gannet was monitored by
collecting about 50 regurgitations at each locality in each
month, using methods described by Berruti et al. (1993).
These are the only localities where gannets breed in the
Western Cape. For each locality, the percentage contribution
by mass of sardine to the diet was calculated for each year,
weighting months equally. The mean of the annual contribu-
tions at the two localities was used as an index of the con-
tribution of sardine to the diet of Cape gannets in the West-
ern Cape. Cape gannets also breed at Bird Island in the
Eastern Cape. From 1987-2006, the diet was monitored at
this locality by collecting up to 400 regurgitations annually
over several visits (Klages et al. 1992, updated).

The relationships between the index of distribution of sar-
dine and continuous time series of seabird parameters were
investigated using correlation analysis. Cross correlation
was undertaken with “prewhitened residuals” of time series
(Box and Jenkins 1970), from which autocorrelation was re-
moved using the software programme EViews (Quantitative
Micro Software 2000). The models employed to obtain the
prewhitened residuals are shown in Table 1. Cross correla-
tions were made between indices in the same year, except
for the number of penguins breeding in the Western Cape
and the proportion of swift terns breeding south of Cape
Point, which were related to the index of distribution of sar-
dine in the previous year because African penguins and swift
terns commence breeding at the start of each calendar year.

Results

The index of the distribution of sardine was more than 0.9
from 1987-1990 and in 1997, indicating a western distribu-
tion in these periods. Thereafter, the index decreased rap-
idly as sardine moved to the east (Fig. 2).

The number of pairs of African penguins breeding in the
Western Cape decreased from about 23 000 in 1987 and
1988 to 13 000 in 1993. It then increased to 38 000 in 2004
before falling to 21 000 in 2006 (Fig. 2). The number breed-
ing in the Eastern Cape fluctuated around 20 000 pairs from
1987-2001 and half this value from 2003—2006. The number
of penguins in adult plumage that moulted at Robben Island
increased from 3 500 in 1988/89 to 17 400 in 2003/04 and
then fell to 6 600 in 2006/07. The annual survival rate be-

tween 2003/04 and 2006/07 was estimated to be 0.724.

About 60 000 pairs of Cape gannets bred in the Western
Cape from 1994/95-2001/02. The number fell to less than
40 000 pairs in 2005/06 (Fig. 2). The number breeding in the
Eastern Cape increased from about 60 000 pairs from 1993/
95-2001/02 to 90 000 pairs in 2005/06. At Lambert’'s Bay,
from 1991/92-2004/05 Cape gannets fledged on average
0.58 chicks per pair during a breeding season (range 0.15-
0.98, s.d. 0.19). In 2005/06, the entire colony abandoned the
island and no chicks were fledged (Wolfaardt and Williams
2005). At Malgas Island, from 1991/92-2004/05 Cape gan-
nets fledged on average 0.44 chicks per pair during a breed-
ing season (range 0.19-0.82, s.d. 0.13). This fell to 0.01—
0.02 chicks per pair in the 2005/06 and 2006/07 breeding
seasons. Sardine contributed 26—-61% by mass of the diet of
Cape gannets off the Western Cape between 1987 and 2003
(mean 40%, s.d. 12%), but just 18% in 2004 and 5-7% in
2005 and 2006. In the Eastern Cape, sardine contributed 15—
58% of the diet from 1989-2002 (mean 46%, s.d. 11%) and
78-97% from 2003-2005 (mean 85%, s.d. 10%).

There were 96 000 pairs of Cape cormorants breeding in
the Western Cape in 1988/89 and 90 000 pairs in 1991/92.
The number decreased to 15 000—-46 000 (mean 30 000, s.d.
8 000) pairs from 1993/94—-2006/07. The proportion of birds
in the Western Cape that bred at Dyer Island increased from
0.24 in 1988/89 to 0.80 in 2006/07 (Fig. 2).

The number of swift terns breeding in the Western Cape
fluctuated from 1 400 to 5 700 pairs between 1987 and 2001.
It then increased to 10 000 pairs in 2006. The proportion
breeding south of Cape Point was 0.00-0.04 from 1987—
1997, but increased to 0.66 in 2006 (Fig. 2).

The results of cross correlation of residuals of pre-whit-
ened time series of the index of sardine distribution and
seabird parameters are shown in Table 2. The contribution
of sardine to the diet of Cape gannets off the Western Cape
was significantly positively related to the index of sardine dis-
tribution, and the proportion of swift terns breeding south of
Cape Point was significantly negatively related to this index.
No other relationship was significant at the 5% level. How-
ever, relationships between the index of sardine distribution
and numbers of African penguins in adult plumage moulting
at Robben Island, and the breeding success of Cape gannets
at both Lambert’s Bay and Malgas Island, were positively
related to the distribution of sardine (P < 0.1). Numbers of
African penguins breeding in the Western Cape, the contri-
bution of sardine to the diet of Cape gannets in the Eastern
Cape and the proportion of Cape cormorants breeding south
of Cape Point were negatively, but not significantly, related
to the index.

Table 1: Models used to obtain prewhitened residuals of time series that were cross correlated — ar(x) and ma(x) indicate autoregressive

and moving average models of order x

Time series

Model

Index of centre of gravity of purse-seine catches

African penguin breeders in the Western Cape (pairs)

African penguin adults moulting at Robben Island

Cape gannet breeding success at Lambert’s Bay (chicks/pair)
Cape gannet breeding success at Malgas Island (chicks/pair)

Contribution of sardine to Cape gannet diet in Western Cape (% mass)
Contribution of sardine to Cape gannet diet in Eastern Cape (% mass)
Proportion of Cape cormorants in Western Cape breeding south of Cape Point
Proportion of swift terns in Western Cape breeding south of Cape Point

ma(1)
ar(1) ma(1)
ar(1) ma(1)
ar(1)

ar(1)

ar(1) ma(1)
ar(1) ma(1)
ar(1) ar(2)
ar(1) ar(2)
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Discussion

Influence on seabirds of an unfavourably altered distri-
bution of sardine

The availability of a prey resource to seabirds is affected by
its distribution and its abundance. In this paper we investi-
gated only the influence of the distribution of sardine for
seabirds in South Africa. Over the same period, there were
also large changes in the abundance of sardine and anchovy
(van der Lingen et al. 2005, Fairweather et al. 2006), which
altered the total amount of food available to the seabirds
(Crawford et al. 2006a, 2007), but our aim here was to ex-
amine the consequences of a long-term change in the dis-
tribution of prey.

Our index of the distribution of sardine will not necessar-
ily reflect that portion of the sardine biomass that was avail-
able to all seabirds, because seabirds breed at several lo-
calities within a region (Fig. 1) and the four species exam-
ined have widely different foraging ranges while breeding
(Hockey et al. 2005). However, one would expect that as
sardine shifted to the south and east, this food resource
became less available to seabirds breeding in the northern
portion of the Western Cape but more available to those
breeding in the southern portion of this province (Fig. 1). As
the displacement of sardine continued, its availability to
seabirds breeding at southern localities in the Western Cape
may have decreased, and it may have become increasingly
available to seabirds breeding in the Eastern Cape, espe-
cially those having longer foraging ranges.

The results of cross-correlation analysis tend to confirm
these outcomes. In seven of the eight comparisons, the sign
of the correlation coefficient was that which would have been
expected, the exception being the weak negative relationship
between the number of penguins breeding in the Western
Cape and the index of distribution for sardine. In the West-
ern Cape, through much of the period considered there was
a high availability of anchovy (Fairweather et al. 2006), an
important contributor to the diet of African Penguins (Hockey
et al. 2005). This probably influenced the number of penguins
breeding. Although only two of the eight correlations were
significant at the 5% level, a further three had a probability
of occurrence of less than 10%. The number of African pen-
guins breeding in the Western Cape decreased by 45% be-
tween 2004 and 2006, when sardine attained its most east-
ern distribution for the period for which information is avail-
able. A substantial proportion of African penguins may not
breed in years of food scarcity (Crawford et al. 1999). How-
ever, there was also a large decrease in the number of pen-
guins in adult plumage that moulted at Robben Island. The
survival rate estimated for the period 2003/04—2006/07 was
0.68, compared with two independent estimates of 0.82 for

Robben Island during the 1990s (Crawford et al. 1999,
Whittington 2002), suggesting an increased mortality rate as
the availability of sardine decreased. The number of penguins
breeding decreased first at the northernmost colonies in the
Western Cape, then at the central colonies, while the south-
ern colony of Dyer Island remained stable from 1998-2006
(Underhill et al. 2006, updated). In 2003, a new colony was
initiated at De Hoop on the mainland, to the east of all other
colonies in the Western Cape (Underhill et al. 2006). When not
breeding, African penguins often undertake extensive trips
that last several weeks (Randall 1989). In 2000, an African
penguin tracked from Dassen Island moved east of Cape
Agulhas on a feeding trip (Barham et al. 2006). It appears that
the penguins which established a colony at De Hoop sought
to mitigate the effect of the eastward displacement of sardine.

The significant relationship between the index of sardine
distribution and its contribution to the diet of gannets sug-
gests that sardine became progressively less available to
gannets in the Western Cape. By 2005, it was contributing
minimally to the diet of gannets in this province, the number
of gannets breeding in the province was decreasing, and the
poor breeding success of gannets at both colonies in the
province was without known precedent. At Lambert’s Bay, in
the 2005/06 breeding season Cape fur seals Arctocephalus
pusillus pusillus initiated a new behaviour of attacking large
numbers of gannets at nests. About 200 adult gannets were
killed and the entire gannet colony abandoned the island
(Wolfaardt and Williams 2005). In the same season, seals
also killed about 20 gannets at Malgas Island (Crawford et
al. 2007). Both the abnormal behaviour of the seals and rapid
abandonment of breeding by gannets at Lambert’s Bay may
have been influenced by a scarcity of food. By contrast, from
2002/03-2005/06 the colony of gannets in the Eastern Cape
increased as sardine dominated their diet, suggesting an
enhanced availability of sardine to gannets in this province
(Crawford et al. 2007).

The number of Cape cormorants breeding in the Western
Cape decreased in the early 1990s (Crawford and Dyer
1995) following an outbreak of avian cholera Pasteurella
multocida (Crawford et al. 1992a). There were further out-
breaks of cholera in the late 1990s and early 2000s (Williams
and Ward 2002, Waller and Underhill in press) when the
population in the Western Cape fluctuated around a level of
about 30 000 pairs. In this period, the proportion of birds that
bred in the southern portion of the province increased, de-
spite the loss of some 29 000 birds to cholera during 2002/
02-2005/06 (Waller and Underhill in press), possibly reflect-
ing enhanced feeding opportunities in the south as sardine
moved south and east.

In the late 1990s and early 2000s, the proportion of swift
terns in the Western Cape that bred in the southern portion
of the province also increased. It was significantly negatively

Table 2: Results of cross correlation between the index of sardine availability and time series of seabird parameters; Ns indicates not
significant. Correlations were for prewhitened residuals of the same year, except for the number of pairs of African penguins breeding in
the Western Cape and the proportion of swift terns in the Western Cape breeding south of Cape Point when the residuals for sardine avail-

ability in the previous year were used

Seabird parameter N R P
Number of pairs of African penguins breeding in the Western Cape 18 -0.252 Ns
Number of African penguins in adult plumage moulting at Robben Island 17 0.440 <0.1
Breeding success of Cape gannets at Lambert’'s Bay 18 0.475 <0.1
Breeding success of Cape gannets at Malgas Island 17 0.439 <0.1
Contribution of sardine to the diet of Cape gannets in the Western Cape 14 0.496 <0.05
Contribution of sardine to the diet of Cape gannets in the Eastern Cape 17 -0.097 Ns
Proportion of Cape cormorants in the Western Cape breeding south of Cape Point 16 -0.347 Ns
Proportion of swift terns in the Western Cape breeding south of Cape Point 18 —-0.581 <0.05

Top Predators of the Benguela System 247



related to the index of sardine distribution, i.e. highest when
sardine had an easterly distribution. After breeding, swift
terns from the Western Cape disperse eastwards as far as
KwaZulu-Natal. Between breeding seasons, many occur
over, or to the east of, the Agulhas Bank (Underhill et al.
1999). Hence, although sardines were displaced to the east,
they remained readily available to swift terns prior to their
returning to the Western Cape to breed. Following a large
eastward displacement of sardine to the east between 2004
and 2005 (Fig. 1), there was a large increase in the propor-
tion of swift terns breeding in the south of the Western Cape.
The foregoing suggests that the eastward shift of sardine had
substantial impacts for seabirds breeding in South Africa. Of
particular concern, was that the centre of gravity of purse-
seine catches of sardine moved to a location between the
main seabird breeding islands in the Western and Eastern
Cape Provinces. The usual foraging range of African pen-
guins when breeding is less than about 40 km (Heath and
Randall 1989, Hockey et al. 2005, Petersen et al. 2005),
which meant that by 2004 and 2005 much of the sardine was
unavailable to penguins breeding in both provinces. Although
Cape gannets forage up to 250 km from colonies (Grémillet
et al. 2004) and gannets from Malgas Island are able to feed
as far east as Cape Agulhas (Lewis et al. 2006), by 2004 and
2005 much of the sardine was beyond the foraging range of
gannets from the Western Cape. However, unlike the situa-
tion for African penguins, there were signs that it was becom-
ing increasingly available to birds in the Eastern Cape.

Mitigating the effects of an unfavourably altered
distribution of prey

The possibility that climate change may alter the distribution
of prey of seabirds in the long term, placing it beyond the
foraging ranges of breeders with severe consequences for
populations, poses the question of what mitigating measures
might be implemented to reduce the impacts of such change.
For central-place foragers, it is desirable to have the breed-
ing localities situated within the range of the prey species, so
that food is available to breeders. Some seabirds, such as
swift terns, have shown considerable flexibility in the selec-
tion of breeding sites at the commencement of a breeding
season (Crawford et al. 2002). Cape cormorants also have
demonstrated their ability to occupy new breeding habitats,
such as the guano platforms that were erected off central
Namibia in the 20th century (Cooper et al. 1982). Other spe-
cies of cormorant have shown similar adaptability (Carter et
al. 1992). Hence the provision of artificial nesting habitat
within the new distribution of the prey may benefit some spe-
cies. However, other seabirds, such as Cape gannets and,
once breeding, African penguins show strong attachment to
breeding localities (Crawford et al. 1994) and the formation
of new colonies is a rare event (Crawford et al. 1983, 1995).
The emigration of first breeders from natal colonies to locali-
ties where feeding conditions are favourable at the time of
first breeding is a strategy whereby African penguins attempt
to cope with an altered distribution of prey (Crawford 1998).
Penguins are unable to access platforms that stand above
the sea surface, so along stretches of coastline that have no
islands they must use mainland localities for breeding, which
renders them susceptible to mainland predators (Whittington
et al. 1996). At De Hoop, substantial numbers of penguins
were killed by such predators in 2006. Attempts have since
been made to exclude predators from the area used by pen-
guins (CapeNature, unpublished information). It may be pos-
sible to boost such new colonies of seabirds through the
release of chicks that have been orphaned and reared in
captivity or hatched in zoos (Underhill et al. 2006).

When prey is becoming scarce around seabird breeding
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localities, it is desirable to prevent any further depletion of
that prey. Most of South Africa’s factories that process the
catch of purse-seine boats are located near seabird breed-
ing localities in the Western Cape. As sardine moved to the
east, it became less available to boats operating from these
factories. Fishers sought to make catches as close to facto-
ries as possible, further reducing the abundance of prey in
the west. This preference of fishers means that the extent of
the displacement of sardine to the east was probably un-
derestimated. Because existing fish factories are often sited
near the historical distributions of target species, it is likely that
some form of spatial management of the catch of fisheries will
be important in ensuring adequate availability of prey for
predators in the event of a future displacement of prey.

Mortality of seabirds may be expected to increase when
prey becomes exceptionally scarce (Cairns 1987). Hence, it
will be desirable to reduce other causes of mortality, such as
losses to predators, disease and pollution, to the extent that
this is possible. In South Africa, management interventions
to limit the extent of mortality of seabirds have included cull-
ing individual seals that inflict high mortality on seabirds
(David et al. 2003), removing terrestrial predators from is-
lands, burning carcases of seabirds that have died from dis-
ease to prevent further spread of the disease (Waller and
Underhill in press), rescuing and rehabilitating oiled birds,
relocating birds to prevent their becoming oiled, and rearing
orphaned chicks (Barham et al. 2006).
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