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ABSTRACT

This research project investigated the impact aédation by the Cape fur seals
Arctocephalus pusillus pusillusn the conservation status of seabirds at islaffdthe
coast of South Africa and at the Prince Edwardnidda At Malgas Island, the impact of
predation was investigated over three breedingossa@000/01, 2003/04 and 2005/06),
and at Dyer Island over two breeding season (20@#i 2006/07). At Marion Island
(Prince Edwards Islands) and at other South Afrislands, such as Dassen Island, Bird
Island at Lambert's Bay and Robben Island, obseEmat were collected

opportunistically.

Cape fur seals were estimated to have killed so8GCape gannéflorus capensis
fledglings around Malgas Island in the 2000/01 dieg season, 11 000 in 2003/04 and
10 000 in 2005/06. This amounted to an estimatéd, 28% and 57% of the overall
production of fledglings at the island in theseddliag seasons respectively. Preliminary
modelling suggests this predation is not sustagmabhere was a 25% reduction in the
size of the colony, the second largest of onlyesitant Cape gannet colonies, between

2001/02 and 2005/06.

At Dyer Island, it was estimated that seals killgdto 7% of African pengui8pheniscus
demersusadults annually. The present mortality attributaltd seals is considered
unsustainable. Seals also killed a substantial gtigm, 4-8%, of Cape cormorant
Phalacrocorax capensitedglings as they left the island. Although tlesel of mortality
may be sustainable for Cape cormorants, this spéeiee also been affected by disease.



Predation on seabirds by Cape fur seals was demtetstto occur at several other
localities in southern Africa but observations warsufficient to enable the effect of
such predation to be quantified. Several hundregeGCgannet fledglings were killed
annually at Bird Island (Lambert’s Bay) and threa# penguins and cormorants were
attacked at other localities. At subantarctic Marlsland, Antarctic fur seal&. gazella
fed on king Aptenodytes patagonictend macaronEudyptes chrysolophusenguins.
However, predation there on seabirds by subantafati sealsA. tropicalis has not yet
been observed. King penguins were mostly killedwimter and macaroni penguins
(which are absent from the island in winter) in soen. Predation of seabirds by seals has
recently increased in southern Africa and may bmgleo at Marion Island. In both

regions fur seal populations are expanding.

The influences of environmental factors on the oderedation were investigated at both
Malgas and Dyer Islands. Of environmental factansstdered, time of the day had the
most important influence on predation by Cape #&als on fledglings of Cape gannets
and Cape cormorants and adult African penguingidfilegs of gannets and cormorants
were mainly killed between mid morning and latesafoon, coinciding with the time
they left the islands and were in the water. MakiliaAfrican penguins were killed as
they returned in the evening from foraging at $¥md speed and direction, sea state and
tide had a variable and lesser influence on predattes. Although these variables might
be used to interpolate predation rates throughogsriwhen observations are not
conducted, their contribution is limited and thend remain considerable uncertainty in
the estimate of actual numbers of fledglings killddcertainty will best be decreased by
extending the period of observations so as to edbhe amount of days for which

predation rates are interpolated.



In six years between 1999 and 2008, 141 Cape hlis seat were feeding on, or thought
to be feeding on, Cape gannet fledglings as thi#yalgas Island, South Africa, were
shot and collected. Examination of the stomach830bf these seals showed that Cape
gannets contributed an average of 70% by massetalittt, and known prey items of
Cape gannets, which may have been obtained froralitinentary tract of the fledglings,
a further 5%. Hence, when the seals were cullegly there subsisting mainly on the
fledglings. Other prey items of the seals includetk lobsterJasus lalandiand common
octopusOctopus vulgarisAll the collected seals were bulls. Their agesemestimated
from measures of their total length and previoyshplished information on ages at

length. All were 10 years old or less, and theiamage was 4.5 years.

The hunting behaviour of Cape fur seals feedingeabirds at Malgas and Dyer Islands
was investigated in 2003/04 and 2005/06; and 204 2906/07 respectively. At these
islands, attacks on seabirds were identified maihipugh the presence of other birds
overhead and sometimes by the thrashing of a victjrar throwing of it from, the water.

Most attacks occurred beyond the surf zone atmisg of 20—100 m from the island.
Seals hunted in groups or solitarily and usualisgcked birds from underneath or behind.
Usually most, or a substantial portion of the cascaas utilized but some surplus killing
was observed. On average, attacks lasted 11 mirbdtdr Cape gannets and Cape

cormorantsand 16 min for African penguins.

Due to the increase in seal predation, interventiamagement such as culling individual
fur seals seen preying on seabirds was implemeaitéthlgas Island. It was anticipated

that removal of the small number of individual seahich target seabirds would reduce
\Y



mortality on the seabirds because this is a leabeddhviour. In the 200607 breeding
season of Cape gannets at Malgas Island, the rérab8& Cape fur seals that preyed on
gannet fledglings when they left to sea signifibanéduced the mortality rate of these
fledglings in the short term. However, becausessksirned to avoid the boat used for
their removal, it was not possible to remove al sleals that killed gannet fledglings and
some mortality continued. There was a decreasetoverin both the maximum and the
mean age of seals culled. Sustained removal okthasnals may reduce this feeding

behaviour.
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CHAPTER 1

General Introduction



General Introduction

During the 28 century, population sizes of fur seAlstocephaluspp. increased at both
the Prince Edward Islands and off southern Afrméofving centuries of over-harvesting
(Besteret al 2003, Davidet al. 2003). Conversely, the population sizes of margbsd

species in these two regions decreased, leadingpnoerns about their conservation
status (Barnes 2000, BirdLife International 2000avfford and Cooper 2003). This
thesis examines the impact (especially predatidrfuioseals on seabirds in these two

regions.

The Benguela current large marine ecosystem

The Benguela current large marine ecosystem (BCLIdBssociated with the Benguela
current and characterized by distinct bathymetrydrbgraphy, productivity and

trophically-dependent populations (Benguela Curr@ommission: interim agreement
2006). The BCLME is limited to the north by theitladle 5°S, to the south by a boundary
200 nautical miles south of the baseline of SouftiicA mainland (in accordance with the
1982 United Nations convention on the law of the) s the east by meridian 27°E and

to the west by O°Eeridian (Benguela Current Commission 2006).

The Benguela current is the broad northward flowswifface water adjacent to south
western Africa, forming the eastern limb of the thoAtlantic subtropical gyre and is
located between the African coast and the Waldgei(Garzoli and Gordon 1996). The
cold, nutrient-rich Benguela system is one of folgjor upwelling systems in the world,

all exhibiting high biological productivity (Curri@¢953, Shannon and Jarre-Teichmann
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1999) and experiencing highly variable environmkeotaditions (Shannost al. 1992).
The degree of upwelling is dependent on the prenpilvind conditions and direction
relative to the coast and the depth and width efcintinental shelf (Shannon 1985). The

primary production is enhanced by upwelling (Cughif69).

The Benguela upwelling system is bounded at botthem (tropical/equatorial Eastern
Atlantic) and southern (the Indian Ocean’s Aguli@grrent) ends by warm water
systems. Climate is the primary force driving thege marine ecosystem, with intensive

fishing also important (Benguela Current Commiss1006).

The Benguela upwelling system is an important eeafrmarine biodiversity and is one
of the most productive ocean areas in the worldngBela Current Large Marine
Ecosystem Programme (BCLME): Transboundary Diagndstalysis 1999). It provides

favourable conditions for the production of smadllggic fish species, with sardines
Sardinops sagax anchovies Engraulis encrasicolusand round herringsEtrumeus

whiteheadibeing the most abundant (Shannon and Field 198%).large biomass of
epipelagic fish species provides the forage ceiatréarge populations of top predators
such as seabirds and seals (Shannon and Field P8R, 2001). Within the Benguela
ecosystem, there are more than 20 breeding sea&dladds, as well as important

mainland breeding sites and artificially-constragatforms (Figure 1).

Southern Indian Ocean

The southern Ocean is a large circumpolar body atewthat extends over 36 million

km? (Laws 1985). It is influenced by the movement ofesal strong currents (White and
3



Peterson 1996). The Antarctic Circumpolar Curré&@Q) is the most important of these,
and the only current that flows completely arouhd globe. It encircles the Antarctic
continent, flowing eastward through the southerrmtipos of the Atlantic, Indian and

Pacific oceans (Pakhomov and Froneman 1999).

North of the ACC is the Subtropical ConvergenceSabtropical Front (STF), usually
found between 35°S and 45°S, where the averag&@#ace Temperature (SST) ranges
from ca. 12°C to 7°C and salinity decreases froeatgr than 34.9%o. to 34.6%o or less.
Three fronts south of the STF are associated WehNCC: the subantarctic Front (SAF),
the Polar Front (PF) and the southern ACC Fronte Bntarctic Convergence is
approximately 200 km south of the Polar Front (Ma@uand Froneman 2004, Chown

and Froneman 2008).

The Prince Edward Islands are situated ca. 160G@dumtheast of Cape Town within the
Indian ocean sector of the Polar Front and aredangdocalities for up to five million
pinnipeds and seabirds (McQuaid and Froneman 20B8dwn and Froneman 2008). At
these islands, 29 seabird species and three ssaésphave been recorded breeding. The
islands support substantial proportions of the glopopulation for several seabird
species (Table 2, Cooper and Berruti 1989, Crawdmal Cooper 2003). They are located
in the path of the ACC with the subantarctic systerthe north and the Antarctic Polar
Front to the south (Figure 2) (McQuaid and FronerB@@4). The formation of these
frontal zones contributes to primary and secongapduction of the southern ocean.
Many myctophid species are concentrated at thesesf{McQuaid and Froneman 2004,

Perissinotto and McQuaid 1992).



Endemism and conservation status of seabird species

The major biological feature of the islands in BE€LME and the Prince Edward Islands
is that they support large numbers of predators ltheed ashore but feed at sea. There
are 15 species of seabirds that breed in south&tcaXTable 1) (Coopeet al. 1984),
and there are at least 29 seabird species thatl kaedhe Prince Edward Islands
(Crawfordet al. 2003b). Additionally, 62 other species of seabiigit southern African
waters due to the high productivity of the Benguetasystem and the meeting of the

Indian, Atlantic and Southern oceans.

Nine of the 15 taxa of southern African seabirds endemic to the region due to the
isolation of breeding sites from suitable breediogalities farther north and south
(Kirkman 2007). These are the African peng@pheniscus demersu€ape gannet
Morus capensisCape cormoranPhalacrocorax capensivank cormoranP. neglectus
crowned cormoran®. coronatuskelp gullL. dominicanus vetulaHartlaub’s gullLarus
hartlaubii, swift ternS. bergii bergiland Damara terSterna balaenarunOf the six non-
endemic seabird taxa, two occur as small isolatgallations in the BCLME (roseate
tern S. dougalliiand Leach’s storm petréceanodroma leucorhgaand the other four
species breed in fresh water as well as marine@mwvients and extend into much of the
sub—Sahara area (white-breasted cormoPRantucidus great white pelicarPelecanus
onocrotalus grey-headed gulL. cirrocephalusand Caspian ter®. caspia (Kirkman

2007).

Twenty nine species of seabirds use the Prince Ebuslands for breeding and

moulting. There are 16 surface nesting birds (Taplend 13 burrowing petrels, with the
5



lesser sheathbilChionis minorbeing the only other breeding bird (Crawford arabger

2003). All these birds are indigenous but noneeaigiemic, as they are widely distributed
at subantarctic islands (Crawford and Cooper 2003)e large distances between
breeding sites and the high philopatry (natal fsitelity) of several of these species have
ensured limited genetic interchange between papuktand the taxonomy of some

populations requires further investigation (e.gavfordet al 2003c).

Nine of the fifteen species of seabird that breedhe BCLME are listed in South
Africa’s Red Data Book as threatened in one of ghrisk categories (Endangered,
Vulnerable and Near-threatened) (Barnes 2000).cbhservation status of these seabirds
was assessed under IUCN categories as Endangeamtt (®rmorant, Leach’s storm
petrel), Vulnerable (African penguin, Cape gani@dpe cormorant, Roseate tern) and

Near-threatened (Damara tern, great white peliCaspian tern) (Kirkman 2007).

Twelve surface-nesting seabirds at the Prince Edlwslands have an unfavourable
conservation status as reflected by their IUCN sifeestion (Table 2) (Crawford and
Cooper 2003). The one surface-nesting seabirdishabdt regarded as threatened is the
king penguinAptenodytes patagonicusith numbers increasing in many parts of its
range (Elliset al 1998, Woehler 2007), including at Marion Islar@rgwford et al
2003b). Other birds that have a wide distributioithwarge populations in the
subantarctic regions are the subantarctic skasharacta antarctica kelp gull and

Antarctic ternSterna vittataCrawford and Cooper 2003).



Conservation threats to Southern African seabirds ad seals

Several South African seabird populations are dexdi due to various threats (Barnes
2000). The factors that have been implicated agribomors to the declines are human
induced (competition with fisheries, pollution, bstch mortality, habitat degradation,
human disturbance) (Hockey and Hallinan 1981, Cosasvét al. 2000, Kemperet al.
2007, the BCLME report) and natural (mismatch betwdistribution of breeding sites
and prey, disease, predation, displacement fromdong sites, climate effects) (Crawford
et al 1989, 1990, Crawford and Dyer 1995, Masdsal 1997, Davidet al 2003,
Makhadoet al. 2006). Although many of the seabird species bigeprotected sites, a
number of them are considered to be at seriousecaatson risk and they are not
immune to pressures caused by humans. Many sesiales have wide distributions,
often crossing international boundaries, and thenservation status may be improved
through internationally-coordinated efforts. The pplations of seals around the
subantarctic islands and southern Africa have beereasing after termination of seal
harvesting at subantarctic islands (Hofmetyal 1997). In South Africa the provisioning
of food by fishing industries (especially trawlersgs contributed to population increase

(Ryan and Moloney 1988, David 1989).

Competition with fisheriesfor prey

Inadequate supplies of food may cause a reduatidhd breeding success of seals and
seabirds (Crawford and Dyer 1995). Seals and soeabirsls often compete with
fisheries for fish such as anchovy and sardine.Nafiibia between 1956 and 2006, the
populations of African penguin and Cape gannet edsgd by 90% and 95%,

7



respectively, following a decline in the Namibianrge-seine fisheries (Crawford 2007,
Crawford et al. 2007). In South Africa, a decrease of African peng occurred after
collapse of South Africa’s sardine resource (Crad/fb998). It is important that fisheries
management allows adequate food for seals andrdeabieclines in population levels of
African penguin, Cape gannet, Cape cormorant amk lw@rmorant could likely be
reduced through the prohibition of specified typégishing near breeding localities as

well as ensuring sufficient escapement of prey\W@wed 2007, Crawforaet al. 2008b).

At the Prince Edward Islands, most surface nest@apird populations have decreased in
the past 10 years (Crawford and Cooper 2003). peciss that forage close to the island
(such as the gentoo pengiiggoscelis papyaockhopper penguiBudyptes chrysocome
filnoli and Crozet shaghalacrocorax melanogerjisas well as offshore foragers (such as
the macaroni penguiB. chrysolophus the decrease seems likely to have resulted from
an altered availability of food (Crawford and Coo@®03). This is suggested by the
changed contribution of prey in the diet of the £atoshag (Crawfordt al. 2003c) and a
decreased mass of rockhopper penguins on themrigtuhe island to breed (Crawfoetl

al. 2008a).

Mismatch of the breeding localities and prey distributions

Between 1997 and 2005 sardine in South Africa wiesplaced 400 km to the south and
east; the centre of distribution of commercial ba& moved to an area between the
locations of seabird breeding islands in the Wesaeid Eastern Cape Provinces (Van der
Lingenet al 2005, Crawforcet al 2008b). Sardine became less available to seainirds

the Western Cape but more available to Cape gamméte Eastern Cape (Crawfoed
8



al. 2008b). Between 2004 and 2006, the numbers atafrpenguins in the Western
Cape decreased by 45%, in spite of a new mainlalahyg being established to the east
of Cape Agulhas at De Hoop (Underhell al. 2006). The number of Cape gannets that
breed in the Western Cape decreased between 2081d02005/06 and the contribution
of sardine to their diet fell (Crawforet al. 2008b). The proportions of the numbers of
Cape cormorants and swift terns in the Western Ghpe bred in the south of this
province increased (Crawforet al 2008b). Mismatch in the distributions of breeding
localities and prey of seabirds could be partialhgnaged through provisioning of
breeding habitat where food is abundant (e.g. qieut$ in estuaries or fenced off
headlands), and spatial management of fisherieppeting for prey (Crawforcet al

2008b).

Pollution

Oil pollution affects seabirds, especially the &fm penguin. About 17000 penguins
were de-oiled and released back into the wild after Treasure oil spill in 2000
(Crawfordet al. 2000, Barhanet al. 2008). When adults are oiled and removed or die,
their chicks are abandoned. Approximately 2000 angll chicks were hand reared and
released back to Robben and Dassen islands folipwie Treasureoil spill. Their
survival to breeding age was no different from thfahaturally reared chicks (Barhagh

al. 2008). In the 1980s, several hundred rockhoppegwpins died at Marion Island after
oil was deliberately dumped (Cooper and Condy 1888therset al. 1999). Care should
be taken when transferring fuel to the Prince Edwatands (Prince Edward Islands

Management Plan Working Group 1996, Chown and Fname2008).



By-catch mortality

Interactions with longline fisheries such as tdaunnusspp. and demersal Patagonian
toothfish Dissostichus eleginoidelsave been identified as a primary cause of seabird
decreases (Brotherst al 1999, BirdLife International 2000, Gilman 2001elN2002,
Peterseret al 2007). Longline by-catch mortality occurs becasisabirds are attracted to
the fishing vessels by discards and baits. Thegshbaited hooks during the setting or,
less commonly, during the hauling of the longlifeterseret al 2007). The hooked
birds are pulled under the water and subsequentiyrd (Brotherset al. 1999, Gilman
2001). Between 2000 and 2005, an estimated 31 €lfirsls were killed by pelagic and
demersal fleets operating in the Benguela ecosydiethin South Africa and 30 500 in
Namibia (Peterseet al. 2007). Many seabird species are victims of lorglby-catch
mortality, particularly albatrosses, petrels an@astvaters. Around 300 000 seabirds
drown globally each year after diving for bait et longlines and becoming hooked
(Peterseret al 2007). Seabirds die after hitting trawl warpse(tbpe that attaches the net
to the boat) often while feeding on fish offal diacged from on-board fish processing
(Brotherset al 1999, Gilmaret al. 2005, Peterseet al 2007). By-catch mortality can be
reduced by using bird scaring techniques such asing tori lines above the fishing
lines, reducing the amount of time the hooks arailable for birds through line
weighting and night setting of fishing lines (Bothet al 1999, Gilmanet al. 2005,

Peterseret al 2007).
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Disease

Avian choleraPasteurella multicidahas been recorded in South Africa, at Lambert’s
Bay, Dassen Island, Dyer Island and Robben Islafdligms and Ward 2002). An
estimated 9500 adult Cape cormorants and 4500 <ieke killed in an outbreak at
Dyer Island between 2004 and 2005 (Waller and Untli@007). In 2004, an outbreak of
avian cholera killed several seabirds (macaroni eyakhopper penguins) at Marion
Island; avian cholera has been recorded in kingyes at Marion Island (BM Dyer
pers. comm.). Avian malariRlasmodiumspp. has been recorded in wild and captive
African penguins causing mortality at a rehabiltatcentre (Brossy 1992, Griet al.
2003, Parsons and Underhill 2005). No haematozo® Weind on blood smears of
macaroni and rockhopper penguins breeding at Malstand in 2001 (Schultz and
Petersen 2003) suggesting an absence of haematdmeEases. Disease outbreaks in
susceptible colonies could lead to high mortaliGéseabirds. Mortality can be decreased
by removing all dead carcasses from the coloniesiacinerating them (Friend 1999,

Waller and Underhill 2007).

Predation

Cape fur sealArctocephalus pusillus pusillumales are known to prey on African
penguins, Cape gannets and cormorants (bank, Gaperawned) around some South
African islands, including Lambert’s Bay, Malgasa€3en and Dyer islands (Makhagto

al. 2006). Throughout this thesis, the word “bull” hlheen used to represent both
subadult and adult male fur seals. The incidencereflation by seals on seabirds in

South Africa has increased in recent years. Capsefais kill an average of 57% of Cape
11



gannet fledglings as they leave to sea (Makhadal 2006). At the Prince Edward
Islands, there has been increased predation ofrdsdlly Antarctic fur seal. gazella

(Hofmeyr and Bester 1993).

Predators such as feral and domestic cats, domdstis and rodents have been
introduced to several seabird breeding localitiésderhill et al 2006). The impacts of
such introduced predators have been reported fesébaand Robben islands (Berreiti
al. 1989, Crawfordet al 1995). Removal of predators will decrease losdeseabirds

(David et al 2003).

Displacement from breeding sites

Seabirds may be displaced from breeding sites bgefaanimals such as seals
(Shaugnessy 1980, Crawfoed al 1989, Davidet al 2003). This has been accentuated
by the modification of islands, through removal atcumulated deposits of guano
rendering seabirds more susceptible to displacerfrentexample, African penguins used
to burrow into guano (Hockest al 2005), where they would not have been displaged b
seals. Seals can block the access of seabirdssiiotteeding sites by lining beaches

(Crawfordet al 1989).

Degradation of breeding habitat

Degradation of the breeding habitat of seabirdsaniaen from activities such as removal
of guano, causing birds to breed in depressiorsatigasubject to flooding and predation,

the removal of shade and the exclusion of birdsxfoertain areas to facilitate collecting
12



of eggs (Crawforeet al 2001, Anon. 2007). Habitat loss is also causedhdystrial and
port development, waste discharge, sediment rembaélcollection, the development of
recreational infrastructure and the constructiomoafds, bridges and marinas (Simeone

and Bernal 2000).

Disturbance by people

Disturbance at the breeding sites by people has ble®ugh illegal landing, guano
harvesting, collection of seabird eggs and diresearch activities (de Villierst al
2006). The minimization and regulation of disturbamo seals, seabirds and shorebirds is
necessary and any disturbance, especially of brgeadiimals, is subject to the issuing of
a permit from the managing conservation authofyitable restricted areas should be
declared around island and mainland colonies, batigion should be made for tourism
that has no adverse influence on seabird populatiGonsideration should be given to
the restriction of speeding by recreational vesslelse to breeding colonies. Eco-tourism

vessels or vehicles should be subject to permitlitions and a code of conduct.

Exploitation

Between the 1% and late 28 centuries, fur seal numbers were greatly depléted
indiscriminate and uncontrolled exploitation (Shawogssy 1984). During the first half of
the 20th century, commercial exploitation of eggshiought to have drastically reduced
numbers of African penguins at some breeding lbeali especially at Dassen Island
(Shannon and Crawford 1999). The last authorizdkatoon of African penguin eggs

were made in 1967 (Sheltenal. 1984, Shannon and Crawford 1999).
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Climate effects

The occurrence of El Nifio in 1997/98 resulted inratease in numbers of five seabird
species breeding at Marion Island that are offslioragers, namely the northern giant
petrel Macronectes halli southern giant petreM. giganteus wandering albatross
Diomedea exulangrey-headed albatro3$alassarche chrysostonazand Kerguelen tern
Crawford et al. 2003a). In contrast breeding was poor for insHeeslers such as the
gentoo penguin and Crozet shag (Crawford and Co2peB). No impacts of global
climate change on seabirds in the Benguela upwelBgstem have as yet been
demonstrated although environmental change posatbijputable to climate change has

had a major influence (Crawfoed al 2008b).

Interactions between top predators in the Bengueleecosystem and the Prince

Edward Islands

Pinnipeds and many seabirds are highly adaptetbéomotion in water but are obliged
to return to land to breed and moult, where theyvaiinerable to terrestrial mammalian
predators (Crawforet al. 1989, Oosthuizeret al 1997, Wiesel 2006). At sea and on
land, interaction between the top predators is ssesurvival of the fittest, particularly
seabirds, as they are vulnerable to predation antpetition for prey and breeding space
(Crawfordet al. 1989, Davidet al 2003). Seabirds are not an important source ad fo
for marine animals such as sea lions, fur seakskshand killer whale©rcinus orca
(Williams et al 1990). However, seals are known to be opportieniptedators

responding to changes in the marine ecosystem ey @ioundance (Beddingtaet al
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1985, Croll and Tershy 1998, Makhado 2002). InBleaeguela ecosystem and at islands
in the southern Indian Ocean, seals are impactimgse@abird populations through

predation, competition for breeding space and f@sdurces (Shaughnessy 1984).

Quantitative accounts of seabird predation are (atg. du Toitet al 2004), and
therefore the relative importance of predatorycikidan population declines is unknown.
Predation is one of the most fundamental interasticn nature and an inherently
fascinating behaviour but rarely observed in thédwKnowledge of the nature of
predator-prey relationships is fundamental for finectioning of any ecosystem and has
important implications for population dynamics, servation and management (Musick
1999). It is difficult to observe and document @#oh events in the marine
environment. A number of predators attack, feesiomduce anti-predator behaviour in
seabirds in southern Africa including the Capedeal (Shaughnessy 1978, Broni 1984,
Marks et al. 1997, Davidet al 2003), the great white shafkarcharodon carcharias

(Randallet al. 1988) and the killer whale (Randall and Randa8)9

The Cape fur seal is the most conspicuous seabadiafor in the Benguela ecosystem
and has been recorded hunting and feeding on gaahefloit 2002, Davi@t al 2003),
cormorantsPhalacrocoraxspp (Markset al 1997) and African penguins (Shaughnessy
1978, Crawforcet al. 2001, du Toit 2002). Seals have been observednigenh seabirds
and their scats have been shown to contain seabmtponents (Greept al. 1990,
Hofmeyr and Bester 1993, Makhaedbal.2009).Up to 7% of Cape cormorant fledglings
at Dyer Island may fall victim to seals annuallygidset al 1997), while du Toit (2002)
estimated that 0.2% of the African penguin popalaton Ichaboe Island succumbed to

seal predation annually. Daved al (2003) calculated that 7% of fledgling Cape gasne
15



at Malgas Island were killed by Cape fur seals betwNovember 2000 and March 2001.

These estimates are sufficiently large to warramtenattention to such attacks.

Seabird predation by seals is thought to be amsixie of play behaviour (Bonner and
Hunter 1982) and has been regarded as an unusealt €¢Cooper 1974). Some
individuals prey regularly on penguins (Cobley @ell 1998), exploiting a specialist
niche food resource (Penney and Lowry 1967, Rogets Bryden 1995, Walkeat al.

1998). The deteriorating conservation status ofesomSouth Africa’s seabirds is cause

for concern and the predation impact of seals nqadatification.

Southern Africa is one of the centres of abunddncehe great white shark where it
ranges from southern Mozambique to Namibia (Compab®91). Great white sharks
were responsible for a majority of the injured aedd African penguins recovered from
the shoreline of St Croix and Bird islands in Alggday (Randallet al 1988). However,
only one African penguin has been recovered frogneat white shark stomach (Basts

al. 1975).

The increase in the number of seals impacted onpthymlation sizes of seabirds
(Hofmeyr and Bester 1993, Dawd al 2003, Ryaret al.2003). Re-colonisation by seals
of islands has displaced seabirds breeding thereeample, with an influx of seals at
Mercury Island up to 15% of the global populatidrbank cormorants (9 000 pairs in the
1970s) as well as large numbers of African penguang Cape cormorants were
displaced from the island (Crawfoed al 1989). If the seal population continues to grow,
further decreases in seabird populations can becteg (David 1989). On Marion Island,

the increase in seal populations has not yet caaseduction of any seabird population,
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although individual Antarctic fur seals have ateatkand killed species of penguins

breeding there (Hofmeyr and Bester 1993).

Biology of the animals

Seals

Three species of fur seal are known to occupy dslahat are managed by the South
African government. Two species, the subantaraticskal and the Antarctic fur seal
breed sympatrically at the Prince Edward Islandsn{y 1978).A. gazellais the more
polar of the two species and is generally founthtosouth of the APF, whereas almost
all A. tropicalisbreeding sites are to the north of the APF (Bes®&&4, Hofmeyret al
1997). Only one species of seal, the endemic Capsdal breeds along the coasts of
South Africa and Namibia (David 1989). The Capedeal breeds at 24 coastal colonies

from Algoa Bay in South Africa to Cape Cross in Niaia (David 1987, Kirkman 2007).

From the 1% to 20" centuries, all three fur seal species were subjettt unregulated
harvesting, resulting in severe reductions of tipeipulations and local extinctions at
some breeding sites (Roux 1987, Shaugnessy 198&4jgBhessy and Fletcher 1987,
David 1989). After the cessation of intensive explion, numbers of fur seals increased
dramatically and many islands have been re-coldn{Payne 1977, Shaugnessy 1985,
Bester 1987, 1990, Kerley 1987, Roux 1987, Guateal 1994, Isakseret al. 2000,
Wynenet al. 2000). Censuses #8f tropicalisandA. gazellapopulations at Marion Island
(46°54'S and 37°45'E) in 1994/95 yielded estimate$0 000 and 1 200 individuals,

respectively (Hofmeyret al 1997). This meant that th&. tropicalis population had
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increased at a rate of 18% per year since 198818®@ agazellaat a rate of 17% over the
same period (Hofmeyat al 1997). From censuses Af pusillus pusillust was estimated
that there were 1.5 to 2 million animals at theselof the 28 century (Butterwortlet al.

1995).

The increase in the Cape fur seal population irtr&ya Africa may have been assisted
by provisioning of food by the fishing industry anfl breeding areas for seals through
elimination of terrestrial predators from mainlasites. Seals feed behind trawlers on
discarded fish (Ryan and Moloney 1988) and breedhenmainland in large numbers,

especially in human exclusion zones (diamond areas)

Seabirds

Seabirds in the Benguela ecosystem have also hdgacted to exploitation of their
products, mainly eggs, guano and feathers, as agelleing killed for food and for oill
production (Beset al. 1997). This led to a reduction in numbers of sesbbreeding at

islands (Beset al. 1997).

Many seabirds are long-lived with low adult mottaliates (du Toit and Bartlett 2001).
They utilise the open ocean to obtain all or mutkheir food (Berrutiet al. 1989) and

breed on land.

The penguin species known to be preyed upon byhitee species of fur seals are the
king penguin, macaroni penguin and rockhopper p@en@un the Prince Edward Islands)

and the African penguin (in the Benguela ecosystdimg¢ Cape gannet, Cape cormorant,
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bank cormorant, crowned cormorant and white-breastemorant are seabirds breeding
within the Benguela ecosystem that are subjectrédgiion by the Cape fur seal. The
kelp gull, Hartlaub’s gull and swift tern are sedBi breeding within the Benguela

ecosystem that are used as indicators of predatients.

Rationale and motivation of this study

Unlike the opportunism of the fur seals, many of Heabirds that breed in southern
Africa and at the Prince Edward Islands are spistsalFor several of these seabirds,
especially those in southern Africa, man has a@gnsfluenced their breeding habitat

and reduced the availability of their prey (Crawffet al 2001, Kempeet al 2001).

The growing fur seal populations (Bestdral 2003, Davidet al 2003) are adversely
impacting several seabird species that are of ceasen concern (Shaughnessy 1984,
David 1987, Crawforcet al. 1989, Crawfordet al 1992, Harwood 1992, Daviet al
2003). Firstly, fur seals are feeding on seabirdsirad breeding colonies, often inflicting
levels of mortality that are thought to be unsusthle (Hofmeyr and Bester 1993,
Crawfordet al. 2001, du Toit 2002, Daviet al 2003). Secondly, fur seals are displacing
seabirds from breeding sites. For example at mslapds African penguins are no longer
able to burrow into guano to nest are easily degaaby the much larger fur seals
(Crawford et al. 1989). Thirdly, fur seals congregating on landimgaches may be
blocking access by penguins to breeding localidgnet al 2003). Fourthly, fur seals
may be competing with seabirds for food (Croll dretshy 1998). The islands off the
South African coast and the Prince Edward Islarmesnatural reserves for birds and

seals. However, there are at present some islafidSoath Africa where only birds
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breed, for example Dyer Island and Malgas Islanul.déal numbers around those islands

have increased, which has resulted in increasedaictions between seals and seabirds

This thesis investigates the impact of predationCaype fur seals on Cape gannets at
Malgas Island, Western Cape, South Africa (chapjerand assess the impact of seal
predation on Cape cormorants and African penguilsar Island, Western Cape, South
Africa (Chapter 3). Mortality of seabirds attribbte to fur sealst some other islands off
mainland South Africa and at Marion Island is reedrin Chapter 4. The diet, age and
sex of seals seen feeding, or thought to be feedngseabirds are investigated in
Chapter 5. In chapter 6, the possible influencerofironmental factors on the rates of
predation by Cape fur seals on seabirds off Soltltals, Western Cape is examined.
The hunting behaviour of seals feeding on sealwd®scribed in Chapter 7. In Chapter
8, the possibility of managing mortality of sealichused by seals through culling those
animals that are responsible for the mortalityaasidered. Finally, Chapter 9 discusses

the overall findings of this research project.
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Table 1 Estimates of the conservation status and the lpbpn sizes of seabirds that
breed in southern Africa. The proportions of thateern African and global populations

of each species that breed in South Africa arecatdd (Anon. 2007).

Southern South Proportion Proportion
. . of southern
. African African . of global
. Conservation . . African .
Species population | population . population
status . . population | .
(breeding (breeding ) in South
airs) airs) in South Africa
P P Africa
African penguin Vulnerable 62 300 56 900 0.91 0.91
Leach’s storm petrel Endangered 25 25 1.00 0.00
Great white pelican | Nc2" 7 350 3650 0.50 0.08
threatened
Cape gannet Vulnerable 166 200 | 148 000 0.89 0.89
Near-
Cape cormorant 215 500 94 200 0.44 0.44
threatened
Bank cormorant Endangered 3132 971 0.31 0.31
Crowned cormorant| 2" 2 922 1 850 0.63 0.63
threatened
White-breasted Least concerr] 4 100 1 949 0.48 0.03
cormorant
Kelp gull Least concern 23 000 18 600 0.81 0.02
Hartlaub’s gull Least concern 7 325 6 561 0.90 0.90
Grey-headed gull Least concern 3 255 2 649 0.81 6 0.2
Caspian tern Least concern 500 435 0.87 0.01
Roseate tern Vulnerable 250 250 1.00 0.01
Swift tern Least concern 6 686 6 336 0.95 0.06
Damara tern Near- 4620 120 0.03 0.03
threatened
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Table 2 Estimates of the conservation status and thelpbpn sizes of surface-nesting

seabirds at the Prince Edward Islands (South Afriearritory). The proportions of the

global populations of each species that breedeaPtince Edward Islands are indicated.

Information on conservation status from Barnes (@0@nd on population size and

proportion from Crawford and Cooper (2003)

Conservation

Annual breeding

Proportion of global

Species status population at Prince population at the Prince
Edward Islands (pairs) | Edward Islands
King penguin Least Concern 221 000 0.13
Gentoo penguin Near-Threatened 1319 <0.01
Macaroni penguin Near-Threatened 372 000 0.04
Easter_n rockhopper Near-Threatened 112 000 0.17
penguin
Wandering albatross Vulnerable 3719 0.44
Grey-headed albatross Vulnerable 9229 0.10
Indian Yellow-nosed | ;0 apje 7 500 0.21
albatross
Dark-mantled sooty | \oo threatened | 1584 0.10
albatross
Light-mantled SO0ty | \oor Threatened | 329 0.02
albatross
Northern giant petrel Near-Threatened 595 0.05
Southern giant petrel Near-Threatened 2 830 0.09
Crozet shag Endangered 394 0.33
Subantarctic skua Least Concern 796 0.11
Kelp gull Least Concern 54 <0.01
Antarctic tern Least Concern <15 <0.01
Kerguelen tern Endangered ca 60 0.03
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CHAPTER 2

Impact of predation by Cape fur sealsArctocephalus pusilius pusillus on
Cape gannetdMorus capensis at Malgas Island, Western Cape, South

Africa
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Impact of predation by Cape fur sealsArctocephalus pusilius pusillus on
Cape gannetdMorus capensis at Malgas Island, Western Cape, South

Africa

ABSTRACT

Cape fur seal#é\rctocephalus pusillus pusillusere estimated to kill some 6 000 Cape
gannetMorus capensi$ledglings around Malgas Island in the 2000/01 bireg season,
11 000 in 2003/04 and 10 000 in 2005/06. This artexito about 29%, 83% and 57% of
the overall production of fledglings at the islandthese breeding seasons respectively.
Preliminary modelling suggests this predation i2 sostainable. There was a 25%
reduction in the size of the colony, the seconddar of only six extant Cape gannet
colonies, between 2001/02 and 2005/06. There hexs hdarge increase in predation by
Cape fur seals on seabirds around southern Afristlands since the mid-1980s,
coincidental with both an increase in the seal jpaipan, altered management of the
islands and an altered distribution of prey formggts and seals. At Malgas Island, most
gannet fledglings were killed between 10h00 and008khe period when most are in the
water around the island, from mid-January to mid<dlathe main fledging period. The

Cape gannet is classified as Vulnerable.
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INTRODUCTION

Cape fur seal&rctocephalus pusillus pusilluacreased off southern Africa throughout
the 20th century, after having been exploited w lievels of abundance at the end of the
19th century (Shaughnessy 1984, Crawfercl 1989, David 1989). The population in
1993 numbered 1.5-2 million animals (Butterwosdh al. 1995, Bestet al 1997).

Conversely, the conservation status of severaligkapecies deteriorated in the 20th
century (Barnes 2000, BirdLife International 200Bpr example, there were about 1.45
million adult African penguin§Spheniscus demersas Dassen Island in 1930, whereas
the global population was <0.2 million adults inORO(Shannon and Crawford 1999,

Hockeyet al 2005).

The Cape ganndWlorus capensidreeds only in southern Africa; at three colonies i
Namibia and three in South Africa (Crawfoedl al 1983). The species is regarded as
Vulnerable (Barnes 2000), following a decreaséneglobal population of 100 000 pairs,
from 250 000 pairs in the late 1960s to about 180 Bairs at present (Crawfoed al
2007). At the close of the 20th century, it wasesbed that Cape fur seals, almost all
young males, were inflicting heavy mortality on @agannet fledglings as they left
Malgas Island (Davicet al 2003). At that time there were about 50 000 pafr€ape
gannets on the island, one-third of the global petpan (Crawfordet al. 2007). It was
uncertain whether such mortality was sustainabkndd, observations were initiated in
an attempt to quantify the loss of fledglings talseThis study examines the impact of

the seals on the Cape Gannet population at Masigsd.
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MATERIAL AND METHODS

Malgas Island (33°03'S, 17°55'E) lies about 800mmfthe mainland on the west coast of
South Africa. It is located at the northern entexreé Saldanha Bay in the Benguela
upwelling system, which provides the abundant foegburces on which Cape gannets

feed (Berrutiet al 1993).

At Malgas Island, Cape gannets lay their first adhgts from 15 August to 1 November,
with a peak from 8 September to 12 October (Stagmeal 2008). Incubation lasts 43—
44 days, commencing as soon as the egg is laidigJB970). Chicks leave their nests
90-105 days after hatching (Jarvis 1970) and candpp to six days at the colony edge
before departing to sea (Hockey al 2005). Therefore, at Malgas Island, most chicks

fledge from mid-January to mid-March.

Observations on gannet mortality around Malgastslaere undertaken in a systematic
manner during three gannet breeding seasons, gtebhsummers of 2000/01, 2003/04
and 2005/06. In 2000/01, the island was visitedingur24—27 November, 13-20
December, 12-19 January and 5-13 February. In @808& was visited during 8-12
December, 9-16 January, 23-29 January, 6-12 Feb@february-5 March and 12—
25 March. In 2005/06, observations were made dWB8yB1 January and 15 February— 8
March. Binoculars were used to scan waters aronedstand for predatory activities by
seals. Often, birds hovering overhead gave theifitication of an attack on a gannet by

a seal (du Toiet al. 2004). Each mortality of a Cape gannet was recordbd dark
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plumage of a fledgling Cape gannet contrasts shamp¢h the white plumage of adult

birds.

Malgas Island is 8.5ha in extent (Rand 1963) ansl ot possible to have a view of the
entire island from any particular vantage point.2B00/01, two observers kept watch
over different areas of the island during evergralate hour. Vantage points near the sea
were used and it was roughly gauged that two-thofdthe area around the island was
covered. On one day observations began at 07hOOeaddd at 18h00 and on the
following day they commenced at 08h00 and finisaed 9h00. This pattern was then
repeated. Hence, on each day an observer condobtegtvations for six hours. To
estimate the number of birds killed each day, timalver observed killed was doubled (to
account for periods when no watches were kept. abssimes that the rate of predation
did not change greatly from one hour to the nes¢ (Sigure 2). The number observed to
be killed was multiplied further by 100/67 (to aagoo for that portion of the waters
around the island that was not covered). This ¢aficuon makes the assumption that the

predation rate was the same for all areas arounskind.

In 2003/04 and 2005/06, a single observer keptlwhatam a vantage point, different to
those used in 2000/01, on top of a building, frofmoh it was again gauged that only
67% of the waters around the island were coverede&zh day, observations were made
from 06h00 until 18h00, which approximated dawn dndk, except for breaks totalling
about one hour. Therefore, the numbers of gannekglobserved to be killed in the 12h

period were increased by factors of 12/11 and I00/6
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Based on observations made during 2000/01, it waslaeded that no fledglings were
killed by seals before 25 November. There were <@fihet chicks on the island on 22
March 2005 (ABM pers. obs.), so it was also assuthatl no fledglings were lost to

seals after 31 March.

Total numbers of gannet fledglings killed by seialghe three breeding seasons were
obtained by estimating values for days when no mbsens were made. Average daily
predation rates were calculated for weeks whenreasens were made. For 2005/06, no
observations were made before 23 January. Therdtr2005/06, the average value for
8-20 December was taken to be the average dailyevabserved during 13-20
December 2000 and 8-12 December 2003. For days wiloembservations were
conducted, the average predation rates were estinigt interpolating linearly between
the average values for the weeks immediately pregezhd following the period with no
information. For days before observations commendtael interpolation was between
zero on 24 November and the average of the firekve¢ observations. For days after the
last observations were conducted, it was betweenatrerage of the last week of

observations and zero on 1 April.

To investigate the influence of time of day on @t&uh rate, observations were made
during the 2003/04 and 2005/06 breeding seasoms @8h00 to 20h00. Incidents of
predation were pooled to calculate the total numbégannet fledglings seen to be killed
by seals in intervals of one hour. Numbers of gafieeglings at Malgas Island in the
three breeding seasons were estimated as the proidtie number of pairs of gannets
breeding at the island and the average breedingessf each pair. Numbers of pairs

breeding at the island were obtained from measuntswad the area occupied by breeding
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birds and the density of nests. The area occupyedréeding birds was measured on
aerial photographs taken in October or Decembezagch year (Crawforet al. 1983,
Crawford et al 2007). At Malgas Island, no trend in the densifygannet nests was
observed during 1994/95-2005/06, so the mean geosdr that period (2.84 + 0.19

nests m-2, Crawforet al. 2007) was applied to all three seasons.

The breeding success of gannets was obtained bytaring the numbers of chicks
fledged by a known number of breeding pairs (0.db&ks per pair from 49 nests Iin
2000/01, 0.416 chicks per pair from 317 nests 163204, R Navarro in litt.,, and 0.020
chicks from 201 nests in 2005/06). The nests wergitored as described by Staverees
al. (2008). In 2005/06, the estimated productionleddlings was considerably less than
the estimated loss to seals, suggesting that théuption at monitored nests was not
representative of the gannet colony as a wholerefbee, the mean production of
fledged chicks observed during the period 1987/885206 (the overall period of

observations) was applied to that season.

The sustainability of the rate of predation of seah gannet fledglings was investigated
by estimating the level of breeding success necg$samaintain a population of Cape

gannets in equilibrium. The following equation wesed (Crawforat al 2006):

B=2(1-9)(1/ /S

where B = breeding success (chicks per pair pen),y8ais the proportion of birds older
than two years surviving in any year, andisSthe proportion of post-fledging birds
younger than two years surviving in any year. Far the standard error of estimates

ranged from 0.02 to 0.05 (Altwegg al. 2008).
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It was assumed that all Cape gannets breed fdirgtéime when four years old and in
every subsequent year thereafter (Crawford 1998¢ dquation shows the number of
chicks that must successfully fledge in order fgaee the number of breeding adults that
die. The factor 2 is included because it is paifsbiods that produce chicks. The
proportion of adults dying each year is (12 $he terms (1/9* and (1/9? are included

to account for mortality between the ages of twd &our and from fledging to Age 2
respectively, both periods of two years. Valuesduge S, and $ were 0.93 and 0.71

respectively (Crawford 1999).

RESULTS

Numbers of fledglingskilled

Numbers of Cape gannet fledglings estimated toilkelkoy seals are shown in Figure 1
for each day on which observations were made, &oh eof the three seasons during
which information was collected. Interpolated esties for days on which no
observations were made are also shown. In 200@18de was an increase in numbers of
fledglings killed between late November and Febyulr 2003/04, the highest mortality
was observed from 20 February to 5 March, with éeBmated numbers of fledglings

killed per day decreasing on either side of thaioge

In 2005/06, there was little difference in the meambers of fledglings killed in late
January and late February/early March. It was eggththat seals killed about 5 700, 10

800 and 10 100 Cape gannet fledglings during the0/®1, 2003/04 and 2005/06
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breeding seasons respectively. In all three seasioei® was substantial variability from
one day to the next in the loss of fledglings tals€Figure 1). The maximum estimated
number of fledglings killed by seals on any one deag 491 on 21 February 2004. The

mean predation was 11 chicks per day.

Diurnal trend and location of gannet fledglingskilled

Few Cape gannet fledglings, 4.1% and 1.5%, werergbd to be killed by seals before
10h00 or after 18n00 respectively (Figure 2). M8gt% of the total numbers observed in
the 2003/04 and 2005/06 seasons) were killed betd@r00 and 18h00, with the highest
rates of predation observed from 13h00 to 17h091@ or 62%). Almost all fledglings

were killed in the sea after leaving the islana alistance of about 80m from the island.
However, seals came ashore to kill two fledglingsland in 2004 and about 20 were

taken in 2006 between 10m and 50m from the shore.

Proportions of fledglingskilled

The areas occupied by breeding Cape gannets w&®balin 2000/01, 1.09 in 2003/04
and 1.47 in 2005/06. The estimated numbers of darireeding in these three seasons

were 48 000, 31 000 and 42 000 pairs respectively.

Average numbers of chicks fledged per pair of Cggrenets were 0.41 in 2000/01, 0.42
in 2003/04 and 0.02 in 2005/06. Therefore, som&8® chicks fledged in 2000/01, 13
020 in 2003/04 and 840 in 2005/06. The averagedirgesuccess of Cape gannets at

Malgas Island during 1987/88—2005/06 was 0.42 childdged per pair (RIJM Crawford,
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unpublished data). If this average is used for 2517 640 chicks would have fledged.
The proportions of fledglings killed by seals we@ in 2000/01, 83% in 2003/04 and
57% in 2005/06. The proportion of fledglings killeeécreased as the area occupied by

breeding gannets increased (Figure 3).

Sustainability of predation

The necessary average breeding success to mamtpopulation of Cape gannets in
equilibrium, based on survival rates and age aeding as estimated by Crawford
(1999), is 0.32 chicks per pair per year. Onceeibtemated rates of mortality caused by
seals (29%, 83%, 57%) have been incorporated, tlewage numbers of chicks

successfully fledged by each pdghicks/pair X (= M, where M is the proportion of

fledglings killed during fledging) is reduced td®@--0.30, which in each instance is less
than the production required to sustain the popuatin a deterministic model, a
mortality of 24% of chicks fledging from the islavdould be sustainable, given the
parameters used above ((0.42 x (1 — M)) = 0.32revMeis the proportion of fledglings
killed during fledging, 0.42 is the average bregdsuccess and 0.32 is the breeding

success required to maintain a population of Capaets in equilibrium).

DISCUSSION

The need to impute data to estimate the overalloausnof Cape gannet fledglings killed
by Cape fur seals around Malgas Island results rioedainty in the estimates of

proportions of fledglings that are killed. Therereisubstantial gaps between periods in
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which observations were made, and there was alssidegrable day-to-day variation in
numbers of fledglings observed to be killed (Figutg This variation could be
attributable to wind conditions. On windy days, ttld@cks fledge by flying, and it is
mainly on calm days that they swim and are killgdskeals (ABM pers. obs). It was
earlier estimated, using a conservative methodnguting missing values, that, in the
2000/01 season, seals killed 4 785 gannet fledglargund Malgas Island (Davet al
2003), a value lower than the 5 700 estimatedisgtudy. In spite of the uncertainty, it
is clear that, in each of the three breeding seasmestigated, a substantial proportion of
Cape gannet fledglings (>20% and up to 83%) wdsdlby seals and that this mortality,
particularly in 2003/04 and 2005/06, is not susthla. This suggests the need to
implement measures to reduce the mortality. Fro®312001, 153 seals seen killing
seabirds were shot around Malgas Island, leadirghoot-term decreases in mortality of

Cape gannet fledglings (Daved al. 2003).

That the present rate of mortality of fledglingsnet sustainable is borne out by a
decrease of 25% in the size of the Cape gannehga@bMalgas Island between 2001/02
and 2005/06 (Crawfordt al. 2007), following a period of growth between thielh980s

and the mid-1990s (Figure 4). Because Cape gamoetsnence breeding when aged
about four years (Crawford 1999), a reduction itory size could be expected about
four years after rates of predation by seals beaamsastainable. This would be subject
to the provision that space was not limiting andt thil mature gannets were breeding,
which probably was the case, because even wherdloay peaked at about 2ha in
1996/97 there were areas of the island that weteonoupied by gannets or other

breeding seabirds (RIMC pers. obs).
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The increase of the Cape gannet colony at Maldasdsup until the mid-1990s suggests
that before about 1990 any predation by seals ge @annet fledglings was sustainable,
i.e. that seals killed less than about 24% of fliedg leaving the island. This in turn
points to an increase in the rate of predationdatsson fledglings in recent years. In this
regard, it is interesting to note that, in spitargénsive research on seabirds in southern
Africa since the early 1950s, losses of seabirdseals was not considered a major

problem before the late 1980s.

During a parliamentary enquiry into the runningtioé Government Guano Islands and
the sealing industry in 1906 and 1907, certain @gses reported that seals killed
penguins. The headman at Possession Island, otie dfamibian gannet colonies, had
seen seals catching gannets ‘but very rarely’ (§haessy 1978). In 1937, during the
sealing season, Hewitt (1937) reported that exatmomaf the stomach contents of seals
indicated they had fed on penguins; he also obdepeaguins with wounds attributable

to seals. Thereafter, occasional predation of sgsl@round islands in southern Africa
was reported in 1937 (a single event regarded asuah Rand 1959a), in the 1960s
(Bourne and Dixon 1973), in the 1970s (Cooper 1%Maughnessy 1978) and in the
early 1980s (Rebelo 1984). In the 1950s, a fewsteahtachs examined contained seabird
feathers, but Rand (1959a) considered some of teeaks had scavenged on dead
carcases of birds. Rand (1959b, p32) noted thatrigogannets evacuate their breeding
grounds with great success. Only very few are demwvhen they leave the islands for
the first time.” Had seals killed large numberggahnet fledglings at that time, it would

not have been unnoticed by Rand, especially becenmasy fledglings, after being

attacked by seals, return to Malgas Island to deenftheir injuries (Navarro 2000).

Considering the conservation status of seabirdBirak Island, Lambert's Bay, where
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Cape gannets breed, Jarvis and Cram (1971) madeention of losses of gannets to
seals. An assessment of the conservation statGaé gannets in the early 1980s also

made no mention of losses to seals (Crawétral 1983).

At Ichaboe Island, Namibia, between September 1881 May 2000, 2 774 predation
events by seals on seabirds were noted, includé2god Cape gannets, many of which
were fledglings (du Toiet al 2004). In the 1994/95 and 1995/96 breeding seas@als
killed 2 461 Cape Cormorar®halacrocorax capensifiedglings around Dyer Island,
Western Cape (Markst al. 1997). In 1994/95, it was estimated that 7.3% edldlings
were Killed at this locality (Markst al. 1997). From 1987 to 2000, predation of African
penguins at Lambert’'s Bay was deemed unsustain&ewford et al 2001). From
September 1997 to October 2002, seals killed 1 @&de gannets around Bird Island

(Ward and Williams 2004).

In February 1987/88, seals killed at least 89 gafledglings as they left Malgas Island
(Navarro 2000). In 1989/90, seals killed 1.2% ofirgat fledglings at Malgas Island that
had been banded but, because not all carcases reteieved, a value of 2.5% was
considered more likely. A minimum of 21 fledglingss killed on one day, and this rate
was maintained throughout February, suggesting ltiss of some 600 fledglings
(Crawford and Robinson 1990). In 2000/01, some 80%edglings were being killed by

seals, with the proportion taken increasing abdf & 2003/04 and 2005/06.

Generally, seals have killed seabirds in the séa.fifst observation in southern Africa
of a seal killing a seabird ashore was of a bultliag an African penguin at Halifax

Island in 1983 (Rebelo 1984). In 1995, a bull seat observed killing an adult Cape
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gannet at Malgas Island (Crawford and Cooper 1986)005, bull seals killed 200 adult
Cape gannets at Lambert’s Bay and caused abandbofite entire colony there, some

11 000 pairs (Wolfaardt and Williams 2006).

The foregoing discussion suggests that there haexs &darge increase in the predation of
seabirds by seals in southern Africa since theyeB®B0s, and especially in the last
decade. Why this should be so is not entirely clé#rile the islands were administered
as guano islands, headmen at the islands hadmiseand some shot seals that were seen
preying on seabirds (RMJC pers. obs). The lasecttins of guano at South African
islands were made at Malgas Island in 1985, Algag B 1988 and Lambert’'s Bay in
1991. The immediate shooting of seals seen killsagbirds would mean that the
behaviour would not be learned by other animalsa&goung seals were seen swimming

with adults that were killing gannet fledglings (MBpers. obs).

All 94 seals shot around Malgas Island, becausg Were preying on seabirds, were
males aged 2-10 years (Dawd al 2003). Predation of seabirds by Cape fur seals
recorded by Shaughnessy (1978), Rebbelo (1984)amta\y2000) and du Toikt al
(2004) was mainly by males. In a study off NamitwaMecenercet al. (2005), very few
scats of female seals contained remains of seabiifusrefore, it appears that only a
portion (young males) of the Cape fur seal popaoiais responsible for the mortality
inflicted on seabirds. For other species of sealdation of seabirds has also been mainly

by males (Bonner and Hunter 1982, Childerhaetsa. 2001).

It should also be noted that numbers of Cape fafssmcreased throughout the 20th

century, markedly so after the mid-1980s (Buttettvat al 1995, Bestet al 1997).
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South African harvests of seals decreased in tHg £380s and stopped in 1990 (Best
al. 1997, Davidet al. 2003). The higher numbers of seals may have demhdreased

interactions with seabirds.

Seals are opportunistic animals that utilise fomtarded by fishing boats and take food
from fishers (Wickenst al. 1992). Following the removal of large terrestriabgators
from much of the southern African coastline, theyén formed large mainland colonies
(David 1989). Therefore, it is possible that threimbers are now higher than before the
arrival of Europeans in southern Africa in the 160By contrast, several seabirds, such
as the African penguin, that are specialist feed@d compete with fisheries for food
(Crawford 1998, 2004), had their breeding habitared throughnter alia the removal

of deposits of guano for agricultural use, andrtip@pulations decreased substantially
during the 20th century (Hockest al 2005). Cape gannets construct their nests almost
entirely from guano (Hockegt al. 2005), so the removal of guano leads to a loss of
nesting material. Attempts were made to offset Hyisadding phosphatic sand to areas
where Cape gannets breed (Ross and Randall 19@Qyevér, in spite of this, the
removal of too much guano sometimes reduced brgesliocess (Jarvis 1971, Randall
and Ross 1979). The recent interactions betwedn aad seabirds off southern Africa
are exacerbating the population decreases of sisabaused by human perturbation of

the marine ecosystem.

After 2000, there was a marked eastward shift e dlstribution of sardin&ardinops
sagaxoff South Africa (van der Lingeat al.2005, Fairweatheet al 2006), reducing its
availability to predators along South Africa’s wesiast. Sardine are fed upon by both

Cape fur seals (Rand 1959a) and Cape gannets {Betral 1993). The eastward
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displacement of prey may have caused seals tonfeed intensively on alternative prey,
such as seabirds and especially fledglings whieh easily caught (Navarro 2000).
However, the surplus killing of seabirds by Cape $eals observed in some studies
(Navarro 2000, du Tokt al 2003) indicates that killing may not be solely food but

possibly an extension of play behaviour on the pérthe seals (Bonner and Hunter

1982).

Markset al (1997) recorded 12 attacks by seals on seabetigeen 09h45 and 17h25.
This is similar to the time of day when most ganfiedglings were killed at Malgas
Island in this study (Figure 3), and correspondth&time when most are leaving to sea
(ABM pers. obs.). Most mortality on gannet fledginat Malgas Island is inflicted from

mid-January to mid-March, the main fledging per{pdure 1).

At several sub-Antarctic islands, fur seal popolasi have also been increasing after
reductions of populations caused by harvestingtéBes al 2003). OtheArctocephalus

species have been recorded feeding on seabirds;iakyp penguins (Bonner and Hunter
1982, Hofmeyr and Bester 1993). The recovery of peaulations may increase the
frequency of such interactions and, as in SouthcAfradversely affect the status of

seabirds that are already of conservation conc@ranford and Cooper 2003).
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Figure 1: Estimates of numbers of Cape gannet fledglingedifit Malgas Island during

(a) 2000/01, (b) 2003/04 and (c) 2005/06
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CHAPTER 3

An assessment of the impact of predation by Caperfgeals

Arctocephalus pusillus pusillus on seabirds at Dyer Island, South Africa
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An assessment of the impact of predation by Caperfgeals

Arctocephalus pusillus pusillus on seabirds at Dyer Island, South Africa

ABSTRACT

At Dyer Island, South Africa, observations of prigala of seabirds by Cape fur seals
Arctocephalus pusillus pusillusere made during 2004 and 2006/07. It was estoinate
that seals killed up to 7% of African peng@pheniscus demersadults possibly more
because observations were not conducted in thg part of the breeding season. This
may have contributed to the penguin colony noteasing in spite of food becoming
more available in its vicinity during an eastwaltdftsof epipelagic fish resources off
South Africa at the start of the 21st century. S@ddo killed substantial numbers (4—8%)
of Cape cormoranPhalacrocorax capensifiedglings as they left the island. Although
this mortality may be sustainable, Cape cormorlate also been affected by disease.
Penguin adults were most susceptible to mortaiithe breeding season as they returned
to feed chicks in the evening, Cape cormorant fladg as they left to sea in the
mornings when wind slacks and departure from thends may be difficult. Mortality

inflicted by seals on adult cormorants was low.
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INTRODUCTION

Several studies have reported feeding of fur smakseabirds (e.g. Navarro 2000, Cooper
1974, Shaughnessy 1978, Bonner and Hunter 198Zpdwet al. 2004, Goldsworthyet

al. 1997). Between 1990 and 2006, this behaviour ise@at sub-Antarctic islands in
the southern Indian Ocean (Hofmeyr and Bester 138®) around southern Africa
(Makhadoet al. 2006), where several of the target seabirds amw$ervation concern
(David et al. 2003). At Malgas Island, South Africa, predation @ape fur seals
Arctocephalus pusillus pusilluen Cape gannetdorus capensi®etween 2000 and 2006
was thought to be unsustainable and the gannetygdiecreased from 58 000 pairs in the
1990s to 50 000 pairs in 20@Erawford et al. 2007a). At Dyer Island, South Africa,
Cape fur seals killed about 842 adult African peng®pheniscus demersasd 2461
Cape cormorant®halacrocorax capensibetween 1994 and 1996 (Marks al. 1997)
and 214 African penguins and 553 Cape cormorarttgees® 1999 and 2001 (Johnsein

al. 20086).

African penguins, Cape cormorants, Cape gannetgratemic to southern Africa, feed
mainly on anchov¥ngraulis encrasicoluand sardin&ardinops saga»and are all listed
as Vulnerable in terms of criteria of the World Gervation Union (IUCN), as a result of

substantial recent decreases in their populatidéeamperet al.2007).

The Dyer Island group (341'S, 1825'E) is an Important Bird Area (Barnes 1998) ihat
a provincial nature reserve managed by CapeNatumonsists of two islands: Dyer

Island, approximately 20 ha in size, and the smdaHeyser Rock, which lies 230 m
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southwest of Dyer Island (Figure 1) and where sai®@0—-10000 Cape fur seal pups
were born annually from 1971 to 2003 (Kirkman al. 2007). Dyer Island is the
southernmost of South Africa’s main seabird bregdcalities, and easternmost of those
in the Western Cape Province. Situated some 55 kst of Cape Agulhas, the southern
tip of Africa, it is an important link between s@abbreeding localities farther north in
the Western Cape and those in the Eastern Capehvané some 600 km to the east
(Underhill et al. 2006). There are no large islands or seabird cetobetween Dyer

Island and the islands in the Eastern Cape (Bard@8).

Recent eastward displacements of anchovy @&af. 2007) and sardine (Fairweathetr

al. 2006) have reduced the availability of prey to sarabirds in the Western Cape,
leading to decreased reproductive success, surkatas and sizes of breeding colonies
(Crawford et al. 2007c). There have been associated shifts toduth and east in the
distributions of several seabirds (Crawfaet al. in 2007b), so that Dyer Island now
supports one of the few stable colonies of Afrigagnguins in the Western Cape
(Underhill et al. 2006), as well as substantial proportions of thputetions of Cape
cormorants and swift ternSterna bergiiin that province (Crawforcet al. 2007b,
Crawford et al. 2007c). It is therefore important to reassess mmeact of predation by
Cape fur seals on seabirds at Dyer Island. Thigmpegports recent observations at the
island of mortality rates of seabirds attributatleseals and their seasonal patterns. It

considers the likely impact of the predation onydapons of seabirds at the island.
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METHODS

Fourteen species of seabird have bred at Dyerdslaut great white pelicarf®elecanus
onocrotalusand Cape gannets no longer do so (Hoakegl. 2005). Only small numbers
of Caspian ternsSterna caspia(BM Dyer, Marine and Coastal Management,
unpublished) and grey-headed gullscirrocephalugMcinnes 2006) breed at the island,
and then erraticallyFor African penguin, Leach’s storm pet@teanodroma leucorhoa
Cape cormorant, bank cormordnit neglectuscrowned cormoran®. coronatus white-
breasted cormorat. lucidus kelp gullLarus dominicanusHartlaub’s gullL. hartlaubii,
swift tern Sterna bergiiand roseate ter®. dougalliinumbers breeding at the island

during 2004-2006 were collated from the literature.

Leach’s storm petrels feed offshore at night, thiéksgmnainly in the intertidal zone or by
dipping on the sea surface and the terns by dippmthe surface (Hockest al. 2005).
Seals have not been recorded killing these seabpiedies at Dyer Island (Marld al.
1997). Hence, observations on mortality inflictegd@ape fur seals concentrated on the
African penguin and the four species of cormordntthe Western Cape, the main
breeding season for African penguin is FebruarytSeper, of Cape cormorant
September—February, of bank cormorant May-Octolsr, crowned cormorant
December—March and of white-breasted cormorant |[-Apecember (Hockeyet al.
2005). Fledging of chicks occurs towards the enthege periods. Therefore, predation
of seabirds by Cape fur seals at Dyer Island wassiiigated at intervals during June—

December 2004 to assess its impact on African peagnd the four cormorant species.
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Further observations were conducted during 11-1&Déer 2006 and 10-16 January

2007 to obtain additional information on threelod tormorants.

A single observer kept watch daily from either 0Bhthtil 18h00 or from 06h00 until
19h00 except for breaks totalling about one houorttlity of seabirds was gauged by
moving regularly between a single vantage pointognof a building at the northern side
of the island, from which most of the sea aroureighand could be viewed, and the boat
house, where the remainder of the sea was visilgaredation events and the time of
day at which they occurred were recorded. The ateare the predation occurred was
noted, as well as the sex and approximate ageeoséll inflicting the mortality. The
island complex was subdivided into eight zones &@&nto Zone 8) (Figure 1), two of
which (4 and 5) are at Geyser Rock. The sex wasm@ted from the profile of the head
and neck, using features described by Apps (200.nose of a male is more pointed
than that of a female, with a thicker neck and deodlippers. The age was gauged from
size (Miller et al. 1996). It was estimated that during the periotlo$ervations two-
thirds of the waters around the island were obskrieimbers of birds killed per day
were computed by multiplying the recorded numbefl®§/67 (to account for that 1/3 of
the mortality gauged to have been missed) and KHy11@o account for periods when no

watches were kept).

Estimates of total numbers of seabirds killed bgise&luring the periods investigated
were obtained by imputing values for days when bseovations were made. This was
done by calculating average daily predation ratesweeks when observations were

made and linearly interpolating between these @esxréor days without observations.
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For African penguin adults in 2004, it was assurtied mortality commenced on 1 June
and ended on 31 October. For the purpose of in&ipo, mortality was taken to be zero
on these two dates. Similarly, for Cape cormor&ddiings, mortality was taken to be
zero on 31 December 2004, 30 November 2006 andaBtady 2007. In reality, the
respective breeding seasons extend beyond thess (ldbckeyet al 2005), so that

mortality is likely to have been underestimated.

RESULTS

The mean numbers (pairs) of seabirds estimatedeedbat Dyer Island during 2004—
2006 are shown in Table 1. No Leach’s storm petxelse recorded breeding in 2005 and

2006; only one pair was thought to breed in 2004\{@ordet al.2007e).

Numbers of seabirds observed killed for each dayClape fur seals at Dyer Island,
adjusted to account for mortality that would haweib missed, and interpolated values
for days when no observations were made, are slWwigure 2. The estimated overall
numbers of seabirds killed from June—-December 20@4from December 2006—January
2007 are shown in Table 2. In both periods, thdédmsgy mortality was inflicted on Cape
cormorant fledglings, of which more than 6600 westimated to be killed. This
accounted for some 95% of the overall mortalityse&birds. Small numbers (< 12) of
adult Cape, crowned and white-breasted cormoraats illed. More than 300 African

penguins were estimated to be killed, mostly dudnge—December 2004.

No mortality of Leach’s storm petrel, bank cormdragulls or terns attributable to Cape

fur seals was recorded. If it is assumed that tmaber of adult birds at Dyer Island is
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double the number of pairs that breed, the estunatenual mortality rate of adults
attributable to seals was 1-7% for African pengudi€).02% for Cape cormorants, 0—
0.4% for crowned cormorants and 0-1% for white-bte cormorants. These are likely
to be underestimates because observations of lessesnot made over full years. On
the other hand, not all adults may have bred (ergeding participation of African
penguins varies from 0.7-1.0, Hockelyal. 2005) so that the number of adults may be
underestimated and the mortality rate may be otierated. The mean clutch of Cape
cormorants is about 2.3 eggs and in food rich y8@# of eggs hatch and 91%of chicks
fledge (Hockeyet al.2005), which gives a breeding success of 1.8 clpekgair. If it is
assumed that pairs fledge two chicks each, themastd annual mortality rate of

fledglings attributable to seals was 4—-8%.

Most Cape cormorants were killed between 07h00 a0, with little mortality after
17h00 (Figure 3). Most African penguins were kiliedthe afternoon or evening, after
15h00 (Figure 3). Most of the predation on seabwds conducted by sub-adult seals
aged about 4-8 years. Predation events were wideasound the entire island but
mostly off Zones 6, 7 and 8 (Figure 4). Most of #teacks happened close to the island,

in shallow water.

For African penguins, most of the observed mostabccurred between June and

October, whereas Cape cormorants were killed frartolaer to January (Figure 5). No

observations were conducted from February to May.
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DISCUSSION

Imputing data to estimate the overall numbers absds killed by Cape fur seals results
in uncertainty in the estimates (Makhagtaal.2006). In this study, there were substantial
gaps between periods in which observations wereenaad there was also considerable
day-to-day variation in numbers of fledglings obser to be killed (Figure 2).

Furthermore, observations were not conducted yaarel. However, it appears that Cape

fur seals inflicted only low mortality on adult enorants, gulls and terns.

However, the annual mortality rate of adult Afriga@nguins of up to 7% is of concern.
This value is similar to the 9% estimated durin@®491996 (Markset al. 1997) and
larger than the 2.0-2.5% by Johngnal. (2006) for 1999-2001. If it is assumed that
normal adult survival is 0.91, the maximum reponatlie (Crawfordet al. 2006), that
immature survival is 0.51 (Shannon and Crawford9)%nd that all African penguin
aged four years or older breed every year (Rantia83, Crawfordet al. 1999,
Whittington et al. 2005), it is necessary for each pair to fledge @Hicks annually to
maintain a population in equilibrium (Crawfoed al. 2006). An additional loss of 7% of
adult penguins would reduce survival of adult bitd€0.84 per annuam, requiring that
pairs >0.96 chicks each year to maintain equilioriiCrawfordet al. 2006). This is mere
than any measure of breeding success up until 2808key et al 2005), and hence
considered unsustainable. At Lambert's Bay, mdytalf penguins attributable to seals
was also deemed to be unsustainable (Cravdbed. 2001) and the penguin colony there
has since become extinct (Crawfatlal. 2007c). The Dyer Island penguin colony might
have been expected to benefit from an eastwardadisment of prey in the Western

Cape in the late 1990s and early 2000s (Fairweatheal. 2006, Royet al. 2007).
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However, it remained relatively stable in this pdr(Underhillet al.2006) so that recent
decreases of penguins in the north of this provimee not been offset by increases at

Dyer Island (Crawforet al.2007c).

The annual mortality rate of Cape cormorant fletggi attributable to Cape fur seals (4—
8%) is similar to the estimate of 7.3% during 198896 (Markset al. 1997). For an
equilibrium population of Cape cormorants, it hagem estimated that survival of birds in
their first year should be 0.55 (Crawfoedl al. 1992). Therefore the predation of Cape
cormorant fledglings by seals at Dyer Island is netessarily unsustainable and the
number of birds breeding at the island has recantdyeased (Crawforet al. 2007b).
However, large numbers of Cape cormorants at thedshave died in recent years as a
result of outbreaks of avian choldPasteurella multocidgWaller and Underhill 2007),
SO again it is desirable to minimize mortality, @splly given large decreases of Cape

cormorants in Namibia and in the north of the Wies@ape (Crawforet al.2007b).

Predation of seabirds by seals is not common tosedlls. It seems to be learned
behaviour, especially undertaken by sub-adult m@esid et al. 2003). The removal of
these “problem” seals may bring about a long-tezduction in losses of seabirds to seals
in South Africa (Makhadet al.in press), unlike for New Zealand sea lid?isocarctos
hookeri where both male and females are involved in gredaf yellow-eyed penguins
Megadyptes antipodeslowever, in the predation of yellow-eyed penguonse seal was

possibly responsible for most kills (Lalesal.2007).

The seasonal patterns observed for predation otafrpenguins and Cape cormorants

by seals at Dyer Island accord with the breedingsses of these seabirds (but no
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observations were made from February to May). AéDgland, African penguins moult
ashore in the austral summer, especially Octobareiber, when they do not feed at sea
(Crawfordet al.2006a). Losses to seals occur mainly during teeding period, which
commences early in the year (Hockey al. 2005). It is likely that mortality was
underestimated through not conducting observatiamm February—May. In the Western
Cape, breeding by Cape cormorants is mainly fropte®eber—February (Crawfoet al.
1999). At Dyer Island in 2006, Cape cormorants bhefgabreed late in November and
chicks began to fledge in December. Some mortalftyledglings at the end of the

breeding period may have been missed.

The African penguin and Cape cormorant are vulderabattacks by seals in different
ways. Adult African penguins are vulnerable becatlsy must swim to and from
breeding colonies to feed chicks. Adult Cape coanty fly to their nests and so are
relatively safe from seals. However, cormorant dledys are inexperienced flyers and
become vulnerable when they leave the colony andchder the first time. A similar

situation exists with Cape gann@&srus capensigMakhadoet al.2006).

At Ichaboe Island, Namibia, between September il May 2000, predation of 2774
seabirds by seals was noted, the majority beingghiegs of Cape gannets and Cape
cormorants (du Toitet al. 2004). Some young African penguins are killed atbun
breeding colonies, but many do not loiter at casmonce they have left to sea and they
frequentlymove in excess of 1000 km from their natal islaRar(dall 1989). Adult
penguins seemed particularly vulnerable to seathienafternoon, perhaps because of a
heavier mass when returning food to chicks thannwleaving the island to feed. By

contrast, Cape cormorant fledglings were mostsit @arly in the day, when winds are
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calmer and hence flight away from the island maynoee difficult. At Dyer Island, most
attacks on seabirds by seals were recorded alenghéltered (during southerly winds)

northern side of the island.
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Table 1: Numbers of breeders pairs of some seabirds brgediDyer Island in 2004 and

2005
Species Breeding pairs Source

2004 2005
African penguin 2216 2053 Underhdt al. 2006
Leach’s Storm petrel 1 0 Crawfoed al.2007e
Cape cormorant 33024 22766 Crawfetdal.2007b
Bank cormorant 35 28 Crawfosd al.2007b
Crowned cormorant 150 250 Crawford 2007
White-breasted cormorant 78 110 Crawford 2007
Kelp gull 320 465 Crawforet al.2007d
Hartlaub’s gull 36 277 Unpublished
Swift tern 1206 798 Crawforelt al.2007e
Roseate tern 3 16 Crawfoetlal.2007e
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Table 2: Observed plus imputed numbers of different speealed age categories of
seabirds killed by Cape fur seals at Dyer IslanomfrJune—December 2004 and
December 2006—January 2007 (see Figure 2). Theemtege contribution of different

categories to the overall number estimated to Haeen killed in the two periods is

shown
Species 2004| 2006/07 Overall % of tota
African penguin 299 36 335 4.8
Cape cormorant (fledglings) 2265 4350 6615 94.7
Cape cormorant (adults) 11 0 11 0.2
Crowned cormorant 0 2 2 0.0
White-breasted cormorant 0 2 2 0.0
Unidentified seabirds 12 6 18 0.3
Total 2587 | 4396 6983 100
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Figure 1: Map of Dyer Island and Geyser Rock illustratingfelént zones where

predation events were recorded (from Johresaal 2006)
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Figure 2: Numbers of seabirds killed per day at Dyer Islanithvinterpolated lines
showing imputed numbers: (a) African penguin adihts2004; (b) Cape cormorant
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Figure 3: Overall number of African penguin adults and Capemorant fledglings
observed to be killed at Dyer Island in relatiortitoe of the day. Information for 2004
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CHAPTER 4

On the predation of seabirds by fur seal#\rctocephalus spp. at other

localities in South Africa and at Marion Island
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On the predation of seabirds by fur seal#\rctocephalus spp. at other

localities in South Africa and at Marion Island

ABSTRACT

Predation on seabirds by Cape fur séaistocephalus pusillus pusillusccurs at many
localities in southern Africa. Although the effexdtsuch predation on seabird populations
has only been quantified at a few localities, ityntiee having a severe impact at other
localities also. Several hundred Cape gankletrus capensisfledglings are Kkilled
annually at Bird Island (Lambert's Bay) and threat# penguins and cormorants are
attacked at other localities. At subantarctic Marisland, Antarctic fur seal&. gazella
feed on kingAptenodytes patagonictend macaronEudyptes chrysolophusenguins.
However, predation there on seabirds by subantafati sealsA. tropicalis has not yet
been observed. King penguins are mostly killed intev and macaroni penguins, which
are absent from the island in winter, in summeedBtion of seabirds by seals has
recently increased in southern Africa and may bmglgeo at Marion Island. In both

regions fur seal populations are expanding.
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INTRODUCTION

Although many populations of fur seals were heaetyploited for skins and oil in the
19" and early 28 centuries, there was a dramatic decrease in theamt® for seal
products in the 1980s (Harwood 1992). As a consezpuief this, of changes in human
distribution (Harwood 1992), and of the implemeiotatof sustainable management
practices (Beset al 1997), a number of seal populations increasesize in the 20
century. These included the Cape fur s&edtocephalus pusillus pusillusome two
million of which are now distributed around the ward south coasts of southern Africa
(Butterworthet al 1995, Bestet al 1997). At South Africa’s Prince Edward Islands,
there has been recent growth in numbers of sulzdict#. tropicalisand AntarcticA.
gazellafur seals, which now number approximately 150 @@d 5 800 individuals at

these islands, respectively (Hofmeygral 2006).

All three of these fur seals were subjected tonisge uncontrolled harvesting from the
17" to 20" centuries (Shaughnessy and Butterworth 1981), lwhésulted in severe

reductions in their population sizes and local recttons at some breeding sites
(Shaughnessy and Fletcher 1987). For example Qapsefils stopped breeding at 23
localities (Best and Shaughnessy 1979, Shaughrig¥®®) and the overall population
size was reduced below 100 000 individuals (Shaesgyn and Butterworth 1981,
Butterworthet al 1995). After the cessation of intensive explmi® numbers often

increased dramatically, and many islands were lenced (Payne 1977, Bester 1987,

Kerley 1987, Roux 1987, Guinet al 1994, Isaksent al. 2000).
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In certain instances, the increases in seal numbatds unfavourable conservation
consequences for seabirds. For example, seabingsdisplaced from their nesting sites
(Crawfordet al. 1989) or subjected to predation by seals (Da&tidl 2003, Makhadet

al. 2006). Predation can have a major effect on tplation dynamics of top predators
(Krebset al. 1995, 2001, Oret al. 1999, Woodworth 1999), reducing breeding success
and survival (Whittam and Leonard 1999, Makhatlal 2006). Recent years have seen
an increase in predation of seabirds by sealsvaraelocalities administered by South
Africa (Chapter 2 and 3), which has been ascribetie increased population sizes of fur

seals (Davicet al. 2003, Hofmeyet al. 2006).

Earlier chapters aimed to assess the extent obhpoedby Cape fur seals on seabirds at
Malgas and Dyer islands, off mainland South AfriBame additional observations were
conducted on Cape fur seals preying on seabird&rdt(Lambert’s Bay), Dassen and
Robben islands off South Africa and at Marion Islaone of the two islands in the
subantarctic Prince Edward Islands group. This wrapeports and discusses these

additional observations.

METHODS

At Bird Island (Lambert’'s Bay, 3 ha) observationserer made of predation of Cape
gannetMorus capensidledglings by Cape fur seals during the 2006/0d 20607/08

gannet breeding seasons by Y. Chesselet of CapelNatho recorded the number of
predation events but not the amount of time speatching. At Dassen Island (36 days
during September 2003 and 2005 and October 20abRabben Island (5 days during

2005), | made observations of predation of all gealby Cape fur seals. Dassen Island
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is 223 ha in extent and Robben Island 507 ha, ab dhly a small portion of their
coastlines was observed at any one time. Obsengtie@re conducted throughout the

day as described in chapter 2.

At Marion Island (292 krf), | made observations of predation by fur sealgpenguins
(Spheniscidae) at Kildalkey Beach for at least twoars on 10 days in each month from
May 1999 to April 2000, and occasionally at Goodihday. A record was kept of the
period of observations, which were conducted asrdesd in Chapter 2. Additionally,
opportunistic observations were conducted by dilet assistants in 1995/6, 1997/8 and

2006/07.

The species of seal and penguin involved in predatiteractions were recorded. Four
species of penguin breed at Marion Island (Coo#32 king penguinAptenodytes
patagonicus gentoo penguin Pygoscelis papua macaroni penguin Eudyptes
chrysolophusand rockhopper penguld. chrysocomeThe sex and maturity stage (adult
or subadult) of the seals were recorded. They westenguished as described by Condy
(1978). The colour of the chest and fac&ofropicalisbulls is white to orange, the belly
is brown to ginger and the rest of the body is dady to dark brown (Bester 1977) while
the cows have a white to orange chest and facehmnddorsal surface is grey to brown
with a light brown to ginger belly. FurtheA. tropicalis have short broad flippers
compared to the long, slender appendagds ghzellaArctocephalus gazellbulls have

a silvery grey chest and neck with a slightly déake and grey to dark brown body
(Condy 1978) while cows have a white to grey neoll ahest, grey to brown dorsal
surface and white to grey belly (Condy 1978) arel smaller in size. The number of

seals involved in each attack was noted. All obstzas conducted in the four seasons
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were grouped to examine the seasonal patterns tatkat on different species of

penguins.

It was noted whether the interaction occurred ol lar in the sea. Predation events on
land were recognised by seals chasing penguingigea by seals thrashing their prey
on the surface. For events at sea, the approxidistaence from the coastline of the attack
was gauged. The outcome of each predation interaetas recorded as: penguin escaped
apparently unharmed; penguin returned to the isiapded; penguin returned to and

died at the island; penguin killed outright. Fasudbsample of penguins killed, the length

of time that seals fed on carcases was recordeskr@dtions were made of other species
of seabirds present at the attacks and of the nsgpof seals to the presence of killer

whalesOrcinus orca

RESULTS

South African idands

At Lambert’'s Bay, 310 and 372 Cape gannet fledglingere killed by Cape fur seals

during the 2006/07 and 2007/08 gannet breedingoasas

At Dassen Island, 45 adult African pengubBigheniscus demersusere observed to be
kiled by Cape fur seals. Most predation was reedrdh the late afternoon as the
penguins returned from foraging, but some mortaldgurred in the morning (Figure 1).
At Robben Island, Cape fur seals were observed ilio tko bank cormorants

Phalacrocorax neglectusand five African penguins. An additional three iaén
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penguins were found wounded on the beach, and thende appeared to have been

inflicted by seals.

Marion Island

At Marion Island, 236 attacks by fur seals on pemguvere recorded: 159 on king
penguins, 76 on macaroni penguins and one on d&opger penguin. No predation on
gentoo penguins was observed. Oy gazellawas seen to attack penguins. This
behaviour was not displayed By tropicalis All seals involved in the predation events
were bulls, 94% adults and 6% subadults. For kieggpins 86 (61%) of the attacks

proved fatal, for macaroni penguins 56 (39%), dredgolitary rockhopper penguin died.

On 25 occasionsA. gazellawas seen chasing and killing penguins on land.20rof

these occasions, the seals followed the penguims fhe sea to the land. The remainder
(211) of the attacks took place at sea. The avemag#er of seals attacking a penguin
during a predation event was 2.75 for all seasambmed. However, each attack on

land involved only one seal.

The number of penguins observed to be attackedaaiohl Island in each split year is

indicated in Figure 2. Few observations were madeB5/96 and 2006/07. More attacks
were recorded in 1997/98 and 1999/00. In the fingi seasons of observations, most
birds attacked were king penguins; in the lattep t8easons, most were macaroni
penguins. No observation of an attack on a macgrenguin was recorded in 1997/98.

The only observation of an attack on a rockhoppergpin was in March 2000. Most
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king penguins were attacked in winter, from Junegu#si (Figure 3). Most macaroni

penguins were attacked from October—March, espgambDecember and January.

For both king and macaroni penguins, most attack®e wnade within about 5 m of the
coastline (Figure 4). No attacks were recordedstidces farther than 50 m offshore. In
1997/98 and 1999/00, backwash (retreat of a waas)abserved to influence the capture
of penguins. On 26 occasions, penguins using & lax@ye to attempt a landing on the

shoreline were pulled back to sea and caught dg.sea

Approximately 65% of penguins attacked by sealsevkdied outright, 3% died on land,
29% escaped, and the remainder were injured (FEui®n average seals spent about 11

minutes feeding on penguins they had killed (n ¥ 42

On 39 occasions when penguins were killed, giatre[gMacronectespp. fed on small
pieces of flesh torn from the penguin or on thecass. On 19 occasions, killer whales
were observed. Whenever they were present, predaticeabirds b. gazellastopped,

with the seals sometimes moving away.

DISCUSSION

Numbers of Cape fur seals increased markedly duhie@®' century (Butterworttet al
1995, Bestet al. 1997). Whereas predation by these seals on dsalias seldom
reported in the early 30century, such events are now common (Makhetdad 2006). In
the late 1990s and early 2000s, Cape fur sealetedl substantial mortality on Cape

gannets and Cape cormorants at Bird (Lambert’'s Baghd (Ward and Williams 2004),
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on Cape gannets at Malgas Island (Makhatlal 2006) and on African penguins and

Cape cormorants at Dyer Island (Masgtsal 1997, Johnsoat al 2006, Chapter 3).

The predation of gannet fledglings by seals at Lem'dBay is persisting and, similarly
to the situation at Malgas Island, the mortalitfliabed may not be sustainable if
management control is not implemented. Althoughustasnable mortality has not been
demonstrated at Lambert’'s Bay, the gannet colomyetthas recently decreased. In
2005/06, Cape fur seals killed about 200 adult geon land at Lambert’s Bay and
caused abandonment of breeding by the entire coldrolfaardt and Williams 2006).
Such disturbance may also have caused partial abareht in the previous season
(2004/05), when the colony decreased in size bytab08% (Crawfordet al. 2007). In
2005/06, seals killed about 20 gannets ashore dgddalsland (L. Pichegru, pers.
comm.). Prior to these observations, there had babn one record of a seal killing a
Cape gannet on land (Crawford and Cooper 1996 @adth seals regularly kill fledglings
around islands (Davidt al 2003). Clearly, attacks by seals on birds ashwag have a

major impact on colonies of Cape gannets, unlessalted.

Limited observations of attacks by seals on seabatl Dassen and Robben islands
confirm the widespread nature of this behaviour.date, attacks have been recorded at
the following localities around the southern Afncaoastline from north to south and
east: Ichaboe Island (du Teit al. 2004), Halifax Island (Rebelo 1984), Possessitamds
(Shaughnessy 1978), Bird Island at Lambert's Basa@ord et al 2001, Ward and
Williams 2004, Wolfaardt and Williams 2006), Malgesand (Crawford and Robinson
1990, Crawford and Cooper 1996, Navarro 2000, Md&lhet al 2006), Jutten Island

(MCM unpublished data), Vondeling Island (BM Dyeerp. comm. MCM), Dassen
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Island (Cooper 1974), Robben Island (Marine ands@daManagement unpublished
data), Cape Point, Boulders Beach (MA Meyer peosna. MCM) and Dyer Island

(Markset al 1997, Johnsoat al 2006).

Not only Cape fur seals prey on seabirds, but Alst@rctic fur seals at Marion Island
(Hofmeyr and Bester 1993), although interestindlis tbehaviour has not yet been
recorded for subantarctic fur seals at Marion ®laHowever, at Amsterdam Island,
subantarctic fur seals killed rockhopper pengufPau(ian 1964)New Zealand fur seals
A. fosteri kill rockhopper penguins at Campbell Island, Newaldad (Bailey and

Sorensen 1962) and penguins at Macquarie Islansty@lia (Greeret al 1990).

Up until 1993, predation on seabirds By gazellahad only been observed for king
penguins at Marion Island (Hofmeyr and Bester 199B)is study indicates that

substantial numbers of macaroni penguins also neataken, as well as the occasional
rockhopper penguin. Whether this is a new situatiompredation on such species was
overlooked previously is uncertain. Macaroni andkhmpper penguins are absent from
Marion Island for six months each year, returningpring to breed (Cooper 2003). At
Marion Island, macaroni penguins are attacked byawstic fur seals in the summer
months, whereas most king penguins are killed mavi Many seals are attracted to the
areas and seasons of high penguin traffic (Aietesl. 2005). Penguins travel in groups,
especially when returning from foraging and deasitare highest near the shoreline,
where most attacks were noted. The paucity of ehsens of predation by seals on
rockhopper and gentoo penguins at Marion Island mesylt from the much lower

numbers of these species (67 000 pairs and 80§, pagpectively) at the island than for

king (215 000 pairs) and macaroni (356 000 paiex)goins (Crawforcet al 2003).
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There are large colonies of king and macaroni pesgat both Kildalkey Bay and
Goodhope Bay (Cooper 2003). Other seals have besernaed feeding on rockhopper
and gentoo penguins, Weddell sdadptonychotes weddelbin gentoo penguingobley

and Bell 1998). Macaroni penguins are fed uponubadult Antarctic fur seals at Bird

Island, South Georgia (Bonner and Hunter 1982).

As in South Africa, the predation of seabirds bytakatic fur seals may have intensified
at Marion Island. Over a period of eight yearspfrd986 to 1993, only 15 king penguins
were observed to be killed by these seals (HofraagrBester 1993), whereas in the four
split years covered by this study 159 king pengwese attacked. The difference could
be at least partly attributable to increased olastemw effort from 1995/96 to 2006/07 as
well as an increase in fur seal population sizes pbpulations of fur seals are expanding

at Marion Island (Hofmeyet al 2006), as they also have in southern Africa.
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Figure 1. Number of African penguins killed at Dassen lIdlat different times of the

day, September 2003, October 2004 and Septembér. 00 account of small sample

sizes, observations for all years has been lumped
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Figure 2. Number of three species of penguin observed thilsal by the Antarctic fur

seals at Marion Island in four split years
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Figure 3: Numbers of king and macaroni penguins observdzktkilled by Antarctic fur
seals at Marion Island in each month of the year.a0count of small sample sizes,

information for the four split years has been luthpe
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CHAPTER 5

Prey, sex and age of Cape fur seafs ctocephalus pusillus pusillus
collected at Malgas Island, South Africa, during tte fledging of Cape

gannetsMorus capensis, 1999-2008
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Prey, sex and age of Cape fur seafs ctocephalus pusillus pusillus
collected at Malgas Island, South Africa, during tle fledging of Cape
gannetsMorus capensis, 1999-2008

ABSTRACT

In six years between 1999 and 2008, 141 Cape fls Aectocephalus pusillus pusillus
that were feeding on, or about to attack, Cape gaviorus capensidledglings as they
left Malgas Island, South Africa, were shot andlesibd. All the collected seals were
bulls. Examination of the stomachs of 93 of thesalss showed that Cape gannets
contributed an average of 70% by mass of the diet, known prey items of Cape
gannets, which may have been obtained from theealiany tract of fledglings, a further
5%. Hence, when the seals were culled they wersiguilg mainly on the fledglings.
Other prey items of the seals included rock lob3&sus lalandiiand common octopus
Octopus vulgaris The ages of the seals were estimated from measiré¢heir total
length and previously published information on agetength. All were 10 years old or
less and the mean age was 4.5 years. There wasraadge over time in both the

maximum and mean age of bulls culled.

INTRODUCTION

The Cape fur sedirctocephalus pusillus pusillus endemic to southern Africa and is the
only pinniped species that breeds in the regioninf& and Chimimba 2005). Its
population increased markedly in the 20th centumy was estimated in 1995 to be about

two million individuals (Butterworthet al. 1995), most of which occurred in the
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Benguela upwelling system (David 1989). They consumore than one million tonnes
of food per year (Crawforekt al 1992). Since 1937, seals have increasingly been
observed feeding on seabirds (Rand 1959, Coope4, 19aughnessy 1978, Rebelo
1984, Crawford and Cooper 1996, Marksal. 1997, Navarro 2000, Crawforet al.
2001, Davidet al. 2003, du Toitet al. 2004, Makhadeet al.2006), several of which are
classified as Threatened (Dawd al 2003). However, seabirds are less abundant than
several other prey organisms (Crawfatal. 1992) and generally from only a minor
component of the diet of Cape fur seals (Rand 1D%®jd 1987, Meceneret al. 2005)
Cape gannetblorus capensidreed at six colonies, three in Namibia and thmeSouth
Africa (Crawfordet al. 2007). Their numbers at Namibian colonies dee®ds/ more
than 90% after 1956 (Crawforet al 2007). Numbers at the two colonies off South
Africa’s west coast, including Malgas Island (33%317°55'E), have also recently
decreased (Crawforet al 2008). At Malgas Island, predation on Cape gafiedglings

by Cape fur seals is thought to be unsustainabbkfdoet al 2006) and, to reduce this
impact, culling of seals seen feeding, or thoughb¢ feeding, on seabirds has been
undertaken around the island in five years sin@d®X@€hapter 8). This chapter reports on

the food, sex and age of the culled seals.

METHOD AND MATERIALS

In 1999, 2000, 2001, 2003, 2007 and 2008, attempte made to cull Cape fur seals
feeding on, or thought about to attack, seabirdsirad Malgas Island during the main
fledging period of Cape gannets, in January, Felraad March. Culling was conducted
under permit issued by South Africa’s Department Esfvironmental Affairs and

Tourism. As many as possible of the seals that waled were collected; some sank
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before they could be retrieved. The method to ttdlseals and collect their carcasses is

described in Makhadet al (2009).

Except in 2007, the stomach contents of culledssealre collected. From 1999-2003,
for each stomach, the mass of each different ppegies was recorded, as well as the
mass of unidentifiable prey items, by weighing oscale. In 2008, for each stomach,
individual prey species were grouped and their @ridgnal contribution to the total
amount of food in the stomach gauged by visualao8pn. This less rigorous process
was followed on account of a reduced personel ¢gpaks availability of prey species
may vary between years, the per cent contributyomhbss of different prey items to the
diet was calculated for each year. Prey items wdentified using identification
reference manuals and experience. The followingewisied as idefication materials for
each species: for birds, only feathers and fregshfl fish, only fresh fish, and
cephalopods (lower beaks) and crustacean carapaeeused for cephalopod. For the
whole period (1999-2008), the proportional contiitmu (by mass) of different prey
items to the diet was calculated by giving equaigiving to each year. Most predation
by Cape fur seals on Cape gannets occurs after0Ol(M@khadoet al 2006). Therefore
the percentage contribution of gannet fledglingshte diet was also estimated for the
overall period for seals culled before and aften@ The Chi-squared statistic was
computed to examine the influence of year and tneollection on the contribution of

Cape gannet fledglings to the diet of seals.

For all collected seals, the sex was determine@}amination of genital organs. The
total length (dorsally from tip of snout to basetal) of all culled seals was measured,

and their age was estimated by field workers, basegrevious field experience. It is
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these estimated ages that have previously beerrtedpdor a sub-sample of the
collections of culled individuals (Davidt al. 2003, Makhadat al 2009). Oosthuizen
and Miller (2000) reported the lengths and agebutif Cape fur seals, where ages were
determined from longitudinal sections of upper nanteeth, and they developed the

regression equation relating a§§éyears) to length (cm):

L=107.12 + 6.684,
with r? = 0.96. This relationship was used to estimateates A = (L — 107.12)/6.68) of
the culled seals from their lengths and the resudiee compared to the ages estimated by

field workers.

It was investigated whether the age structure alsshat killed seabirds reflected the age
structure of male seals in the population as a &hioiformation was available on the
proportional contribution of different age classeghe harvest of bull seals at Kleinzee
(29° 40S, 17° 3E), north-western South Africa, from 1981-1989 (Anol990).

Numbers alive at age in an un-harvested populatere estimated, assuming that there
were 1000 bulls in their first year (age 0) and thabsequent annual survival was 0.92
for bulls less than 12 years old and 0.70 for batjed 12 years or more (Butterwogh

al. 1995). The proportional contributions of age sémss of bull seals harvested at
Kleinzee, culled at Malgas Island and expected nnua-harvested population were

compared.
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RESULTS

Diet

A total of 141 seals was culled and collected at déring 1999-2001, 2003, 2007 and
2008. Of these, 93 were dissected and their stomaatents removed and examined. No
dissections were undertaken in 2007. Four of tbhenaths were empty. Cape gannet
fledglings were present in 73 of the 89 stomachs ¢bntained prey items and dominated
the diet, contributing annual averages of 56—80%afm70%) of the mass of food in the
stomachs (Figure 1). The 16 stomachs which did coottain gannet fledglings were
probably from seals for which the attack on a ganves the first of the day, and they
were unable to feed on the fledgling before theyewshot. No other species of seabird
was found in the stomachs. Prey of Cape gannetsh @$ anchovyEngraulis
encrasicoluswhich may have been obtained through seals fgeshrthe fledglings, was
also prominent (Crawford and Dyer 1995). SometiiGape fur seals feed only on the
viscera of gannet fledglings (Makhadbal 2009). Common octopu3ctopus vulgaris
contributed 11% by mass of the prey of the cullegh&fur seals and rock lobstisus
lalandii 9%. These would have been primary prey since @apeet do not feed on these
two prey species and they are known to occur indibe Cape fur seals. Several other
organisms were eaten (Table 1). For 13 seals tea¢ wulled earlier than 11h00, 10
contained Cape gannet fledglings, but these cartetbhan average of 6% by mass of
stomach contents. For 76 seals which were culléer lthan 11h00, only 27 seals
contained other prey species. The contribution @beCgannet fledglings to the diet of
seals culled around Malgas Island was not signiflgadifferent between yearsg?(=

2.71, df = 4P =0.61).
119



Sex and age

All 141 of the seals collected were bulls. Theresveaclose relationship between the
mean length at age of seals, whose age was de&ztnfiam sections through upper
canine teeth (Oosthuizegt al 2000), and the mean length at age of seals cuafted
Malgas Island, as estimated by field workers (FegR). However, the mean length at
estimated age of culled seals was less than thaeals that were accurately aged,
suggesting that the age of the culled seals waestmmated. In order to compare the age
structure of male seals killing seabirds with tlye structure of male seals in a natural
population, it was necessary to correct the biae. mean lengths at age of bull seals that
were aged by Oosthuizen and Miller (2000) are shmwFigure 3. The significant linear
relationship between length and age of bull seas used to reassign ages to the seals
culled at Malgas Island, which ranged from 0.9—&@rg, with a mean of 4.5 years. Most
(93%) of the seals culled at Malgas Island wergvbeh one and seven years old (Figure
4). By contrast, most of the bull seals culled &ilkzee (81%) were aged seven years or
older, with a peak at 8-10 years (Anon. 1990, FEgtix. In an unharvested population,
the number of bulls decreases with age but a softst@roportion are aged 12 years or

older (Figure 4).

The null hypothesis of equal median ages in eadhefix years in which culling took
place was rejectedy{ =11.93, df=5, P=0.036). Further analyses showeat the
significance could be attributed to a decreasehenrhedian age of bull seals culled at
Malgas Island between 1999 and 2000, from 5.7 yger81) to 3.6 years (n=40), and

that the median ages in the five subsequent yeawgich culling took place between
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2000 and 2008 were not significantly differept=6.49, df=4, P=0.24) (Figure 5). It is
noteworthy that the lower quartile in 1999, 4.5rgeavas larger than the median age in

the following year, 3.6 years.

DISCUSSION

The diet of seals is an important factor in detarng management policies for seal
populations (Castlegt al. 1991). Estimating the diet of any free-rangingnaadi is a
difficult undertaking and prone to inaccuraciesorach content analysis gives an
indication of food eaten but involves the sacrifafeanimals, and it may not be clear
which species are secondary prey items (obtair@ad fhe alimentary tracts of primary
prey). Further, some prey species may be digestee napidly than others (Pierce and
Boyle 1991, Piercest al. 1991, Klages and Bester 1998). Stomach lavageeaetha
procedures are not widely used to investigate ded$ because sample sizes are often
small and animals may require chemical immobilaatithereby increasing the risk of
injury or fatality (Antoneliset al. 1987, Harvey and Antonelis 1994). They have been
analyzed for several species of pinnipeds (Geled. 1993, Harvey and Antonelis 1994,
Kiyota et al. 1999, Lowry and Carretta 1999, Kirkmanhal. 2000). Regurgitates contain
prey remains such as fish bones, otoliths and d¢epbd beaks. Often the prey remains
are too large to pass through the pyloric sphinatet are, therefore, regurgitated from
the stomach (Bigg and Fawcett 1985, Jobling andbBr&986). Although regurgitates
may be found in areas where pinnipeds come astag,are often less abundant than
scats (Jobling and Breiby 1986, Gaitsal. 1993) and have largely been excluded from

pinniped diet studies.
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Identification of prey remains in scats may be ysed only hard remains (e.g. otoliths,
bones, scales and eye lenses of fish, beaks ame@slenf cephalopod, carapaces of
crustaceans, bones and feather of seabirds) &g tix be identifiable (e.g. Cheret al.
1997). Some hard parts are entirely digested orredeced in size during passage
through the digestive tract (Pierce and Boyle 1%9é&rceet al 1991, Klages and Bester
1998). Many studies have demonstrated the potential biassesciated with the scat
sampling method (Jobling and Breiby 1986, Piercd &oyle 1991, Bowen 2000,
Makhadoet al. 2008), including the accumulation of cephalopodksein the stomach
(Bigg and Fawcett 1985, Galest al. 1993, Harvey and Antonelis 1994) and
underestimation of size and frequency of occurresiceome prey species (Bigg and
Fawcett 1985, Harvey 1989, Tolldt al. 1997). Captive feeding studies on several
pinniped species have shown that factors such edes) sex, individual activity level,
stomach size, gut length, prey digestibility, fewdiregime and meal size affect the
degree of erosion and recovery of prey remainscatss(Harvey and Antonelis 1994,
Tollit et al. 1997, Marcuset al. 1998, Bowen 2000, Orr and Harvey 2001). Although
studies to account for these biases have been cmtl(Sinclairet al. 1994, Antoneliset

al. 1987, Tollitet al. 1997), the different retention and digestive rateprey remains in
the stomach continue to be a leading drawback ielr studies in which scat samples
alone are used. However, despite these and otagedbinherent to the method (Dellinger
and Trillmich 1988, Klages and Bester 1998), scelysis provides the least intrusive

method of investigating the diets of the fur s¢Rigrceet al 1991).

Historically, the diet of Cape fur seals was essileld through the shooting of animals at
sea (Rand 1959, David 1987), but more recentlyctilection and analysis of scats has

been employed (Meceneetb al 2006). Similarly, to earlier studies, this invgation was
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based on stomach content analysis. However, in adngpresults repeated by various
authors, it is important to be aware of the biasfedifferent methods used as discussed
above. The bulk of the diet of Cape fur seals immased of abundant fish and squid
species, with minor quantities of crustaceans (4@87), which is similar to this study.
Off South Africa, the most important species in dnet were the commercially important
sardine Sardinops sagaxanchovyEngraulis encrasicolushorse mackerelrachurus
trachurusand two species of hakderluccius capensiand M. paradoxugRand 1959,
David 1987). From 1974-1985, for Cape fur sealtect#dd at sea, about 75% of the diet
was teleost fish, followed by cephalopods and eresins that contributed 17% and 5%,
respectively (David 1989). In Namibia, the non-coenaml pelagic gobySufflogobius
bibarbatuswas the dominant prey item (David 1987). Otheymgecies important were
horse mackerel, hake, lantern fish and pelagic fitdke was an important prey at all
three seal colonies (Van Reenen Bay and Atlas aalfl bdys), where the occurrence of
pelagic fish in seal scats was low. Hard part resiasf cephalopods (beaks) and
crustaceans were negligible. Horse mackerel an@ laa& commercially important in

Namibia (Meceneret al. 2006).

Seabirds are generally uncommon in the diet of Gapseals. For seals collected at sea,
two stomachs of 1647 examined contained bird resn@avidet al.2003). Meceneret

al. (2005) reported that the frequency of occurresfcgeabirds in the diet was negligible
at 0.1%, contrastingly seabirds were the most commiey species in this study.
However, Cape fur seals feed on seabirds arounbirdelreeding localities (Cooper
1974, Shaughnessy 1978, Rebelo 1984, Crawford aopef 1996, Market al. 1997,
Navarro 2000, Crawfordt al. 2001, Davidet al. 2003, du Toitet al. 2004, Makhadcet

al. 2006). In this study, Cape gannet fledglings domeidahe diet of Cape fur seals
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hunting around Malgas Island, emphasizing the ditseof the Cape fur seal diet and the

ability of certain individuals to specialize on &en prey items.

Predation of seabirds, mainly penguins (Sphenisgjdaas been documented for other
otariids (Hofmeyr and Bester 1993, McMahetnal 1999, Childerhouset al. 2001) and
less commonly for phocids (Rogers and Bryden 1€3filey and Bell 1998). Individual
seals may supplement their diet with seabirdsgerdtian specialize on seabirds (Cobley
and Bell 1998). For otariids, it is believed thatyoa few individuals within a population,
usually males, are responsible for most predatioseabirds (Bonner and Hunter 1982,
McMahonet al 1999, Childerhouset al. 2001, du Toiet al 2004, Chapters 2 and 3). If
this is the case, it suggests the possibility aftdling the loss of seabirds to seals
(Makhadoet al. 2009), which is especially important in the casehoeatened seabird

species (Daviet al. 2003).

It is noteworthy that at Malgas Island all the @&oh on Cape gannet fledglings was by
bull seals of age 10 years or less, that were gépsgmounger than bulls harvested at the
Kleinzee Cape fur seal breeding colony. It is dyrthis time that the females are
nurturing their pups. It should be borne in mindttthe cull at Kleinzee in the 1980s was
restricted to bulls and that harvesters may hawédad some young seals because they
were uncertain of their sex (WH Oosthuizen, Departtrof Environmental Affairs and
Tourism unpublished records). On the other hang hdrvest of bull seals over several
consecutive seasons would have reduced the numlmder animals in the take. It is
likely that the young bulls that feed on seabirt®algas Island are too small to hold
territories and to control harems at seal breediolpnies. Butterworthet al. (1995)

considered territorial bulls to be 10 years or nl@&lbert and Erickson (1977) suggested
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that dispersal of non-breeding seals may occurtduetraspecific competition for food

and also competition for space..

The bulls harvested in the colony at Kleinzee wader than those engaged in killing
birds Malgas Island (Chapter 2), suggesting that oncés ksthrt trying to enter the

colonies with a view to becoming beach masterg; teed to stop predation on seabirds
(Figure 4). The mean age of bull seals feeding apeCgannet fledglings and the recent
decrease in the maximum age of such seals indtbateculling of seals feeding on

gannets may gradually be eliminating those anirtreds have learnt to feed on seabirds.
In 2001 and 2008, the minimum age of seals feedinggannets increased, perhaps
indicative that successive culls also discouragele¢arning of this feeding behavior by
young bulls. Consistent culling may eliminate thishavior to a substantial extent
(Makhadoet al. 2009), but a few more years of culling seals iflegdn seabirds will be

needed to establish whether this will be the case.
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Figure 2: The contribution by mass of Cape gannets and dtiwes to the contents of
stomachs of Cape fur seals that were culled at d&algland because they were feeding,
or suspected to be feeding, on Cape gannets. Itaatsmay have come from the
stomachs of Cape fur seals that were culled at dalgland because they were feeding,
or suspected to be feeding, on Cape gannets. Itaaismay have come from the
stomachs of Cape gannets have been grouped aséGanery”. Contributions are shown

for individual years, as well as for all sampledsens combined
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Figure 2: Comparison of the age at length of bull Cape feals calculated from

Oosthuizen and Miller (2000) and the mean lengtagat of bull seals culled at Malgas
Island, whose age was estimated by field workerMaas Island. Although a close
relationship is apparent, mean size of estimatees ag generally smaller than the
calculated size at age, suggesting that the estdrage was too high (1-9 on the figure

represent ages of seals)
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Figure 3: Scatter plot of length against age for bull Cape s$eals from data in

Oosthuizen and Miller (2000). The best fitting Bmeregression curve is shown and was
subsequently used to calculate the ages of bult sedalgas Island that were feeding,
or attempting to feed on Cape gannets. Qs from Malgas Island were culled and their

lengths were measured
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Figure 4. Comparison of the numbers at age of bulls in amanrested population of
Cape fur seals with the proportional contributidrdibferent ages to the harvest of bulls
at Kleinzee during 1981-1989 (Anon. 1990) and tisbzulled at Malgas Island during

1999-2008!

! Numbers and proportions are given for individuadsagp to 11 years of age, and then
for all bulls aged 12 years or more. Butterwogthal (1995) considered 12 years to be
the age at which bulls held territories. In theneation of numbers alive at age, it was
assumed that there were 1000 bulls in their fiestryage 0) and that subsequent annual
survival was 0.92 for bulls less than 12 yearsasid 0.70 for bulls aged 12 years or more
(Butterworthet al. 1995). All bulls culled at Malgas Island wereydars or younger. The
harvests at Kleinzee were of animals that coulddbatified by sealers as bulls. Hence
younger males present at the Kleinzee colony dutiegharvests may have been under
represented. Older males were probably selectiatyested, so that their proportional
contribution to overall numbers at the colony cobtdexpected to be lower than in an

unharvested situation

136



12 4

10

Ages
D

1999 2000 2001 2003 2007 2008

Year

Figure 5: The box and whisker charts showing the estimatedimum, median and
minimum ages of bull Cape fur seals culled at Mslggand during 1999, 2000, 2001,

2003, 2007 and 2008
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Table 1 Per cent contribution by mass of prey specidhealiet of Cape fur seals culled

around Malgas Island because they were feedingispected to be feeding, on seabirds.

The assumed nature of the prey (primary or secghdamdicated

% contribution

Prey species Primary/Secondary by mass
Cape gannd¥lorus capensis Primary 70.08
AnchovyEngraulis encrasicolus Secondary 1.36
Pelagic fish spp Secondary 3.02
Unidentified fish spp Secondary 0.26
SoleAustroglossus microlepis Primary 0.72
HottentotPachymetopon aeneum Primary 0.68
SteentjieSpondyliosoma emarginatum Primary 0.23
SnoekThyrsites atun Secondary 0.06
Dog sharkSqualus megalops Primary 0.02
HagfishMyxinesp. Primary 0.02
Rock suckelChorisochismus dentex Primary 1.01
SandcordParapercis punctulata Primary 0.01
OctopusOctopus vulgaris Primary 11.30
Rock lobsterdasus lalandii Primary 8.80
Crabs Primary 0.00
Mantis shrimpPterygosquilla armata Primary 1.62
Squid beak#astigoteuthispp Primary 0.32
Sea urchinsterechinus neumayeri Primary 0.33
Molluscs Primary 0.04
Gastropod<ypraea chinensis Primary 0.10
Bivalve Cerastoderma edule Primary 0.01
BarnacleChthamalus stellatus Primary 0.01
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CHAPTER 6

Influence of temporal and environmental factors orthe predation rate

of Cape fur seals on seabirds along the South Afan coast
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Influence of temporal and environmental factors orthe predation rate

of Cape fur seals on seabirds along the South Afan coast

ABSTRACT

Of environmental factors considered, time of thg ldad the most important influence on
predation by Cape fur seasctocephalus pusillus pusillum fledglings of Cape gannets
Morus capensisand Cape cormorant®halacrocorax capensisand adult African
penguinsSpheniscus demersu&edglings of gannets and cormorants were maitigd
between mid morning and late afternoon, coincidith the time they left the islands
and were in the water. Most adult African penguiese killed as they returned in the
evening from foraging at sea. Wind speed and daecsea state and tide had a variable
and lesser influence on predation rates. Althougtseé variables might be used to
interpolate predation rates through periods whesendations are not conducted, their
contribution will be limited and there will remaiconsiderable uncertainty in actual
numbers of fledglings killed. Uncertainty will beds¢ decreased by extending the period
of observations so as to reduce the amount of dawysvhich predation rates are

interpolated.
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INTRODUCTION

The role predation plays in the dynamics of prepyations is controversial. Other
factors, besides predation, may regulate or lim#typpopulations, and various aspects
influence the degree to which predation affectsy grepulations (Gese and Knowlton
2001). The understanding of predator-prey relah@ssis hampered by a multitude of
factors that operate in the environment in which ititeraction is happening, and by a
general lack of knowledge of most ecological systef@ese and Knowlton 2001).
Factors such as the densities of the prey and famesgdaenvironmental conditions,
mechanisms of prey defence and strategies of atthtke predator can influence the

predation process (Holling 1959).

In the Benguela ecosystem off southern Africa, atieth on seabirds by Cape fur seals
Arctocephalus pusillus pusilldgas become a concern because of recent declinasdra
poor conservation status of, several of the seabpdcies (Davidet al 2003).
Preliminary analyses indicate that for some sealind predation by seals is too large to
be sustainable (Makhadet al 2006, Chapter 2). However, this was based on
assumptions that mortality of seabirds could berpulated between different periods of

observations.

Predation is known to be affected by the environnremvhich it occurs (Hammerschlag
et al. 2006). Predators and their prey often have diffessansory capabilities with
discrete strengths and weaknesses that are catteg@lay during a predatory event (Ellis

1986), so that the ability to detect and attackype likely to be affected by the
141



environmental conditions pertaining to the predatevent. Activity peaks of predators
should be correlated with periods when environnieantd biological factors are optimal
for exploitation of a selected prey (Rogetsal. 1984, Sundstrémet al. 2001, Heithaus
2004). If environmental factors are strongly redate the frequency of predation, it may
be possible more accurately to interpolate theueegy of attacks by seals on seabirds.
This chapter examines the influence of various remvnental variables, such as time of
day, tide, sea state and wind strength and dimrectio the rate of predation of Cape fur
seals on seabirds at Malgas and Dyer islands cfteme South Africa, so as to provide a
basis for refining estimates of mortality of sedbiattributable to seals at these islands.

Such refinement may assist with the identificabdmitigation measures.

METHODS

Observations on the mortality of Cape gandetrus capensifledglings around Malgas
Island were undertaken during three gannet brees@agons, the austral summers of
2000/01, 2003/04 and 2005/06 (Makhastoal 2006). At Dyer Island, observations on
predation of Cape cormorafhalacrocorax capensifiedglings and African penguin
Spheniscus demersaslults were conducted at intervals during Juneeber 2004

and December 2006—January 2007 (chapter 3).

A single observer kept watch daily from either 08dr 06h00 until 18h00 or 19h00,
except for breaks totalling about one hour. At tmemmencement of each hour the
following environmental conditions were recordeadhd, precipitation, cloud cover, wind
direction, wind strength, sea state, swell heigldud cover and tide level. This was so

that their influence on predation rates could besatered.
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Binoculars and a telescope were used to scan svateund the island for predatory
activities of Cape fur seals. Often birds hoveravgrhead gave the first indication of an
attack by a seal on a seabird (du Tatital. 2004). Incidents of predation were pooled to
calculate the total numbers of gannet fledglingsns® be killed by seals in intervals of

one hour.

For Cape gannets at Malgas Island generalizedrlimedels were fitted to the data,
using a binomial distribution and the logistic liknction. The number of gannet chicks
attacked in each hour of the day was modelled gu$ie number of gannet chicks at sea
on the day as the total in the binomial distribatidhe models were fitted using Genstat
8 (Genstat Committee 2005). Details of explanat@ryables considered are given

below.

For seabirds at Dyer Island the relationship betwesvironmental variables and the
occurrence of seal predation on seabirds was exgblosing a generalized linear model
(McCullagh and Nelder 1989). A logistic regressiomodel was used (binomial
distribution with the number of trials fixed at grend the logit transformation as link
function. Modellingwas undertaken using Genstat 8 (Genstat Commiti®&)2 The
environmental variables were introduced as exptagatariables into the model, either
as continuous variables or as “factors”, as appatgrThe Akaike Information Criterion
(AIC) was used to guide model selection. Juvendpecormorants were mostly preyed
upon in November and December, and the model fier $pecies was restricted to
observations made over this period. During theyamafor African penguin, data for the

period between 05h00 and 13h00 were lumped. The dwame on account of the few
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predations that were recorded from 05h00 to 13k@d, during analysis there was no

significant difference shown..

Explanatory variables were hour of day (for Capengas and African penguins 12 levels
from 06h00-07h00 to 17h00-18h00; for Cape cormeradtlevels from 05h00-06h00,
to 18h00-19h00), wind strength (four levels: lighmipderate, strong and very strong for
Cape gannets corresponding approximately to Besfate 4-5, 6, 7+ and for African
penguinst3, 4-5), 6 and>7 repeatedly; three levels: light3), windy = moderate +
strong (4-6), and very strong7q) for African penguins; two levels: light = light
moderate £ 4) and windy = strong + very strong5) for Cape cormorants), tide (two
levels: low, high), wind direction (four levels:NW, 2 NE, 3 SE, 4 SW) and swell (three
levels: low, moderate, high). There were anticigate be associations between some of
the pairs of explanatory variables, for exampledastrength (wind strength was recorded
from the strength of the wind during the days o$atations and were compared with
the data collected from South African Weather Bujeand swell, so that individual
regression coefficients need to be interpreted weifution. Although some of the
environmental factors considered in the analysiy heve similar effects on predation,
all of the factors were first introduced as additieffects to assess their relative

contribution to predation probabilities.

RESULTS

At Malgas Island, 4724 predations of Cape ganrexiglings by Cape fur seals were
observed during three periods of observations wakien in 2000/01, 2003/04 and

2005/06. The maximum estimated number of Cape gdhatglings killed by seals on
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any one day was 491 on 21 February 2004. At Dyands totals of 115 predations on
African penguin adults and 1257 on Cape cormoiadgfings were recorded during two

periods of observation (2004 and 2006/07).

For the observation on Cape gannet fledglings bisg-fitting generalized linear model
accounted for 39% of the deviance (Table 1). Thetnmportant explanatory variable
was hour of the day. When only this variable wated, 31% of the deviance was
accounted for. According to the fitted model, dttapeaked at 14h00-15h00 (Table 1).

This is accord with a univariate model relatingelts to time of day (Figure 1).

Holding time at 14h00, tide as high and swell as, lprobabilities of predation were
calculated for different strengths and directiohsvind. More attacks were predicted to
occur when the wind was blowing from NE and fewelséen it was from the SE. Attacks
were predicted to be most frequent when winds werg strong (Figure 2a). This was
also the case when tide and swell were both logufei 2b). When both tide and swell
were high, most attacks were predicted to occi@@Enwinds. Considerably fewer attacks
were predicted for other wind directions. Again yestrong winds favoured attacks
(Figure 2a). This was also true for low tide andhhswell (Figure 2b). Overall, the
generalized linear model predicted that predatibnCape gannet fledglings would
increase as wind strength increased and, excegratstrong winds, as swell decreased,

with SW winds most favoured for attacks (Table 2).

For Cape cormorant fledglings at Dyer Island, tredet with the smallest value for the
AIC explained 26% of the total deviance. The exatary variables in this model were

hour of day, wind direction and wind strength (cadmwindy). Hour of the day alone
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explained 18.4% of the deviance. The inclusion rdkraction terms between these
variables did not lead to a reduction in the AlQisTmodel suggested that the largest
probability of predation was during the hour 09hDORO0, that probabilities of predation
were largest when the wind was NW and least whemwihd was SW, with intermediate
values for winds from NE and SE. Probabilities kW and SW winds are shown in
Figure 3. The probability of predation was higherdalm than in windy conditions

(Figure 3).

For African penguin adults at Dyer Island, the mati¢h the smallest value for the AIC
explained 17.8% of the total deviance. Time of tag alone explained 15.1% of the
deviance. Attacks occurred during all daylight obut the probability of attack was
largest in the late afternoon between 16h00 and@,8When tides were high and winds

were very strong (Figure 4).
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DISCUSSION

Prey may have a distribution and vulnerability thaties according to the time of the
day, so that the probability of a predator encoumgeand capturing prey may be
increased by foraging at the optimal time (Fall@t/sl. 2006).Time of the day was the
most important factor influencing the rates of @gah by Cape fur seals on the
fledglings of Cape gannets and Cape cormorantsoanddult African penguins. Upon
fledging, Cape gannets and Cape cormorants lease kneeding colonies mainly
between mid morning and late afternoon by flyingogrwalking into the sea, which is
when most were killed (Makhadet al. 2006, chapter 3). This was also case for Cape
gannet fledglings at Ichaboe Island, Namibia (dit €bal.2004). African penguin adults
frequently return from foraging trips to islandsthre evening (Underhill 2004), and at
Dyer Island most were killed between 16h00 and 08{@hapter 3). At Ichaboe Island,
predation on African penguins was also mainly i ¢irening, commencing about 15h00
(du Toit 2002). Therefore in estimating total mbtyeof fledglings of Cape gannets and
Cape cormorant attributable to seals, it is impurtdhat observations are conducted
between mid-morning (09h00) and late afternoon @Djfand of adult African penguins
in the late afternoon and evening. Further inforomabn times of predation is required
for African penguins because at some localitiehsascRobben Island adults frequently
return from foraging after night fall (Underhill @8). No diurnal pattern was evident in
predation by leopard sealtdydrurga leptonyxon Adélie penguins (Penney and Lowry

1967).
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For Cape gannet fledglings and African penguin tadubut not Cape cormorant
fledglings, wind strength increased the rate oflption by seals (Figures 2 and 4). Wind
may facilitate departure of gannet fledglings frestands by flying, thereby increasing
the concentration of fledglings in the near-shoratens. Newly-fledged gannets are
aided by wind in taking off from the water (Navar2000), thereby decreasing their

chances of escape from seals.

Strong winds have a tendency to pick up sea sw8lisne seabirds breeding in the
Benguela ecosystem may be particularly vulnerabl€dpe fur seals when landing in
heavy seas because the shoreline is then encumipeiatense surf (du Toit 2002). For
example, Cape gannet fledglings and African penguiults are often drawn back into
the sea in such conditions when attempting landlands (pers. obs.). However, model
output suggested that low swells or calm seas soregtincreased predation on gannet
and cormorant fledglings. Heavy seas increasedaficed by leopard seals on Adélie

penguins (Penney and Lowry 1967).

Model output indicated that wind direction had aiatale influence on losses of Cape
gannet fledglings to predation, depending on facguch as swells and tide. For Cape
cormorant fledglings, loses were highest during MMads. For African penguin adults,

which do not fly, wind appeared to have little ughce on predation rates. The influence

of tides on predation rates of seabirds was egaivoc

Overall, the physical explanatory variables congden this chapter had a less important

influence on predation rates than time of day. &ample, in the case of Cape gannet
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fledglings the multivariate model accounted for 3@#the deviance, compared with
31% when only time of the day was fitted. Hencahalgh wind strength, wind
direction, tide and sea swell may have some infteaeon the predation rate, their
inclusion did not lead to large increases in theiatece that was accounted for. In all
instances, there remained a considerable propof@bn83%) of the deviance that was
not explained by the models, indicative of high iaditity in the predation rates
(Makhadoet al. 2006). Therefore, although information on the ptglsenvironmental
variables might be used to interpolate predatidesréhrough periods when observations
are not conducted, their contribution will be liedtand there will remain considerable
uncertainty in actual numbers of fledglings killéghcertainty will best be decreased by
extending the period of observations so as to edbhe amount of days for which

predation rates are interpolated.
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Table 1: Results of the generalized linear model for thenber of Cape gannet chicks
attacked by Cape fur seals at Malgas Island intioglao environmental explanatory
variables. The model fitted had a binomial disttis and logistic link function, and
accounted for 39% of the deviance. The refereneel f®r time was 12h00-13h00, for
wind strength it was light, for tide it was higloy fwind direction it was 4 and for swell it

was high. S.E. = standard error. The value of tissydrobability are shown

Parameter Estimate S.E. t Probability
Constant -4.9471 0.0542 -91.3 <.001
Time 6 -2.312 0.124 -18.66 <.001
Time 7 -4.414 0.353 -4 <.001
Time 8 -2.233 0.125 -17.9 <.001
Time 9 -1.6679 0.0973 -47.1 <.001
Time 10 -0.5973 0.0645 0.2 <.001
Time 11 -0.3020 0.0582 %.1 <.001
Time 13 0.1221 0.0501 2.44 0.015
Time 14 0.2833 0.0486 .8 <.001
Time 15 0.1599 0.0499 13.2 0.001
Time 16 -0.0481 0.0524 -0.92 0.359
Time 17 -0.5502 0.0591 19.3 <.001
Wind StrMod 0.2957 0.0401 8.3 <.001
Wind StrStrong 0.7212 0.0392 08.4 <.001
Wind StrVStrong 1.2369 0.0420 29.43 <.001
Tide2 2 -0.2758 0.0313 18.8 <.001
WindDir4 1 0.1055 0.0314 3.3 <.001
WindDir4 2 0.2207 0.0412 5.3 <.001
WindDir4 3 0.1683 0.0365 4.61 <.001
Swell Low 0.7296 0.0351 20.7 <.001
Swell Mod 0.5643 0.0404 B.9 <.001
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Table 2: Number of Cape gannet fledglings predicted bygieeralized linear model to
be attacked by Cape fur seals at Malgas Island3(P@0and 2005/06) for different
combinations of environmental explanatory varial§fes wind direction 1=NW, 2= NE,
3= SE and 4= SW)

Both high and

Wind Strength | Wind direction | High swell Low swell low swells
Light 1 8 97 105

2 20 58 78

3 16 48 64

4 9 119 128

All four

directions 53 322 375
Moderate 1 20 51 71

2 1 30 31

3 26 25 51

4 18 75 93

All four

directions 65 181 246
Strong 1 22 20 42

2 21 9 30

3 22 58 80

4 34 50 84

All four

directions 99 137 236
V. Strong 1 0 13 13

2 21 16 37

3 31 7 38

4 59 4 63

All four

directions 111 40 151
All four wind 1 50 181 231
strengths 2 63 113 176

3 95 138 233

4 120 248 368

All four

directions 328 680 1008
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Figure 1: Overall numbers of Cape gannet fledglings obseteele killed at Malgas

Island in relation to time of day, 2003/04 and 20865 Makhadcet al 2006)
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Figure 2(a): Predicted number of attacks by seals on Cape gdledglings at Malgas

Island for different strengths and directions ohevat high tide, 2003/04 and 2005/06
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CHAPTER 7

The hunting behaviour of Cape fur seal#rctocephalus pusillus pusillus

preying on seabirds
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The hunting behaviour of Cape fur seal#rctocephalus pusillus pusilius

preying on seabirds

ABSTRACT

The hunting behaviour of Cape fur sedlsctocephalus pusillus pusilluteeding on
seabirds was investigated at Malgas and Dyer islaBduth Africa, in 2003/04 and
2005/06 and 2004 and 2006/07 respectively. At thskads, Cape fur seals killed
mainly fledgling Cape gannet¥lorus capensisand Cape cormorant8halacrocorax
capensisand adult African penguinSpheniscus demersulttacks on seabirds were
identified mainly through the presence of othedbioverhead and sometimes by the
thrashing of a victim in, or throwing of it fronhe water. Most attacks occurred beyond
the surf zone at distances of 20—100 m from tlands| Predation on seabirds involved an
average of 2.1 seals, but solitary attacks wereersbd. Sometimes seals shared
carcasses. On average attacks lasted 11 min forGmpe gannets and Cape cormorants
and 16 min for African penguins. Most attacks wioen under or behind birds. Birds
were usually attacked repeatedly and thrown sevienak from the water. Very few birds
escaped, the majority being killed outright. Usyatiost, or a substantial proportion, of

the carcass was utilized but some surplus killieg wbserved.
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INTRODUCTION

Predator-prey interactions are of central imporant ecology, with implications for

population dynamics, management and conservationsid 1999, Walters 1997).

Predation is believed to have shaped several asptttte life histories and behaviours of
birds (Coté and Sutherland 1997). Mortality dugtedation can be high, particularly in
the avian early stages (Co6té and Sutherland 19%fge endothermic predators, by
virtue of their size, mobility and nutritional regements, have the potential to place
extraordinary pressures on their prey populatiohsriforgh 1990, Seidensticker and
McDougal 1993), which in turn may lead to markeféets on the structure and function
of ecosystems (Berget al. 2001, Souleet al. 2003, Williamset al. 2004). Foraging by

large predators comprises complex, potentially getezally demanding behaviours,
depending on the type of prey involved (Stephert larebs 1986). Activities such as
locating, pursuing and capturing prey, as well esc@ssing and assimilating food, as
occurs in active hunting mammalian predators, @ah @epresent a significant energetic

cost to the animal (Williamet al. 2004).

How marine predators select a specific prey aniinosth a group of apparently similar
prospects is not fully known. Understanding theypselection processes of predators
includes consideration the antipredatory tacticshefr prey (Fallowset al. 2006). This
aspect of predator interaction with mobile prey a@m poorly understood (Falloves al.
2006). Seabird predation by seals has been hygetteto be an extension of play

behaviour (Bonner and Hunter 1982) and was repaaedn unusual event (Cooper
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1974). However, some individuals are regarded @slae penguin predators (Cobley and
Bell 1998), exploiting a temporary food resourcer(fey and Lowry 1967, Rogers and

Bryden 1995) or a specialist niche (Walke¢ml. 1998).

Most studies of pinniped foraging behaviour areitloh because the foraging activity
occurs at depth and is unobservable by researdHergever, in those situations where
seals take advantage of high prey concentratiomaslimited area, direct observation can

provide insight into consumption rates and foradebaviour (London 2006).

Cape fur seals are carnivorous top predators iB#&mguela upwelling system (Mecenero
et al. 2006). They have been observed hunting seabirfisvafgas (Crawford and
Robinson 1990, Crawford and Cooper 1996, Navar@0p0Dyer (Markset al. 1997)
and Bird (Lambert’'s Bay) (Crawfordt al 2001, Ward and Williams 2004) islands,

South Africa and Ichaboe Island, Namibia (du Eaial 2004).

During their breeding season many Cape fur seats atrtheir breeding colonies.
However, non-breeding animals often occur at sdamieeding localities (Daviét al.
2003, this study chapt®), where they may kill large numbers of seabieglg.(Makhado

et al 2006). Seals also hunt around seabird colonigsid®u their breeding season
(chapter 8). At Malgas and Dyer islands, observatiere made of the behavior of seals
that hunted Cape ganndWorus capensisAfrican penguinsSpheniscus demersiasd
Cape cormorantPhalacrocorax capensis surface waters adjacent to the islands. The
high frequencies of attacks by Cape fur seals egdlseabirds (e.g. Makhaeloal. 2006)
provided an exceptional opportunity to examine hihating behavior of the seals. This

chapter documents and discusses aspects of thaingpubehaviour. Records were also
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kept, and are reported, of the maturity stageseabsds attacked and how a predation

event was first noticed.

STUDY AREA AND METHODS

Observations were undertaken at Malgas and Dyamdsl on attacks of Cape fur seals on
seabirds. An attack was defined as being an attémmseals to capture a bird. Both

islands are in South Africa’s Western Cape Provi@igservations at Malgas Island were
undertaken in 2003/04 and 2005/06 and at Dyer dsiar2004 and 2006/07. The species
and maturity stage (fledgling, juvenile, adult) tbé bird being attacked was recorded,
using information in Hockegt al (2000). The majority of attacks at Malgas Islavete

on Cape gannet fledglings (Makhaetbal. 2006) and at Dyer Island on Cape cormorant
fledglings and African penguin adults (chapter@ly attacks on these three categories

of seabird prey are reported below.

Searches were made for attacks on seabirds usthgabdal and sea surface cues. Often
birds, especially gulldarus spp., congregate over a seal attack, and seartingea
beneath such birds then reveals the predation ddentoitet al 2004). Attacks were
also identified through seals thrashing prey ondimdace, or tossing it into the air; the
attack was therefore located prior to the arriviabthher species of seabirds attracted to
the incident. When seabirds congregated over aclatithe species present were
identified and their numbers recorded. Twice Cape deals were recorded catching
seabirds on land at Malgas Island. In one instatieejncident was captured on video
camera by Dr L. Pichegru (Percy FitzPatrick Inséitaf African Ornithology, University

of Cape Town), who kindly made the footage avaddbl analysis.
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For selected predatory events (sometimes severeh ®vents were taking place
concurrently), it was recorded whether the atta@s virst observed in blue or white
water, or on the island. White water was definedhas surf zone where waves were
breaking near to the island or there was strongwveash, and blue water as the region
farther offshore, although in windy conditions vehivater is also present offshore. The
approximate distance from the island at which &amn seabirds were first noted was
also recorded. This was estimated by pacing oustarcce of 10 m on the island and
using that distance to gauge the distances fromisthed at which birds were being

attacked.

The number of seals participating in a predatorgnéwere counted and seals were
categorized according to their sex and age (adsdbadult, brown neck, pup,

undetermined) classes using the descriptions ol RE®66). The head and neck of a seal
were often visible during a predation event, andlssdrequently held one flipper

vertically above the surface of the water for aleshespecially after preying on a bird.
The size class of seals was estimated by judgiegitte of the seal’s neck and flippers
against the size of the bird carcass. Sex wasmdeted by the shape of the head in
conjunction with body size. Male seals have a #ickeck and a more pronounced
forehead than the females, and their flippersangel and broader in relation to the body

(Rand 1956). In older males, the head and necklaoepaler (Bonner 1981, King 1983).

The duration of a predatory event was recordedh& riearest minute. The time of
commencement of the predatory event was taken tehiea it was first noticed. The time

of the end of the event was taken to be when thkveas last seen attacking or feeding
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on the birds. The direction from which the bird wattacked was noted (from above,
behind, in front, the side, underneath or whetheavireg or flipper was grasped). The
number of discrete attacks on a bird was recordealseal left off holding a bird, that
attack was deemed to have ended. The number o$ tani®rd was thrown clear of the
water was also recorded. Notes were kept on thavii@hof seals that were hunting, e.g.
shaking their victim to subdue it and access isHlor sharing of the prey with other
seals. The ultimate fate of a bird that was attdakas recorded as killed outright, left to
die at sea, escaped or returned in an injured ttdte island. The extent of utilization of
birds caught was noted through observing the pi@datvent through binoculars.
Additionally, daily searches for injured birds améshed-up seabird carcasses were
conducted around the islands before starting obsiens of predation events. Injuries
attributable to sharks were identified using infation in Randallet al (1988). Such
carcass were not further considered. For birds Werte fed upon at sea and their
carcasses retrieved at islands, it was ascertauhether the abdomen, breast, neck and
thighs had been eaten, and whether the bird haddegloved, i.e. had its skin cast over

its head (Mark®t al 1997).

RESULTS

Stages of maturity of seabirds and signs of attacks

At Malgas Island, 6437 Cape gannets were killegdsls; only 72 (1.11%) were adults;

the remainder (6365) were recently fledged juveni@f 1268 Cape cormorants killed at

Dyer Island, 11 (0.88%) were adults and the renaingere fledglings. In contrast, of
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113 African penguins killed at Dyer Island, 101 .8%) were in adult plumage and the

remaining 12 were juveniles.

For Cape ganne(® = 1805)and African penguingn = 109) mostttacks by sealwere

first noticed through the presence of birds congtieg above the predation event, with
18 attacks on Cape gannets noticed through activdtethe water surface. For Cape
cormorantgn = 485),99% of attacksvere similarly first noticed from birds overhead,

with attention drawn to just 1% from activity aetvater surface.

Kelp gullsLarus dominicanusvere the dominant seabird to congregate overkattan
gannets at Malgas Isla(d = 1823 incidents) and were recorded at everidamt On
average, there were about 14 kelp gulls at eadthapom event (range 1-50). Hartlaub
gulls L. hartlaubiiwere also recorded at kills (average of one badge 0—-49; present at
30.0% of the incidents). Both gulls scavenged oagscloosened from victims. At times,
Kelp gulls also ate abandoned carcasses. Swift &erna bergi{mean 0.002 birdsgnd
other species of tern (mean 0.2 birds) were rgyadgent in low numbers. During 13% of
attacks, adult Cape gannets hovered over killsamingt fledglings (mean seven birds,

range 0-183), but did not feed at them.

At Dyer Island, Kelp gulls were again the dominaetbird attending kills (mean 10
birds, range 1-32, n =603). An average of 0.06 Iaabts gulls hovered above Kkills
(range 1-5). Up to 27 swift terns were recordedr atéacks at Dyer Island, but the
average value was 0.1 terns. On 10 occasions, @etnéls Macronectesspp. were

observed feeding on carcasses or scraps made dgadaring an attack. No Cape

cormorants or African penguins attended attacksithrer of these species at Dyer Island.
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Areas of hunting

For all three seabirds, most attacks by Cape falsdeok place in blue water, i.e. beyond
the surf zone. A few attacks occurred in white wat®und the island edges (Figure 1).
Twice, Cape gannets were attacked ashore at MHligasl. A bull seal came ashore on 7
January 2005 and killed about 22 breeding adultsengannet colony and one fledgling
on the island’s shoreline (L. Pichegru pers. comifie birds were caught behind the
neck and shaken to death. The seal returned tevife@ne adult in its mouth and started
feeding on the bird. In the second instance of @red on land, the seal caught a Cape
gannet fledgling on the shoreline and returnedhi® $ea to feed on it. No African
penguins or Cape cormorants were observed to ke=llon land during the study. The
proportion of attacks in white water was largestAfrican penguins (14%), followed by

Cape cormorants (11%) and Cape gannets (5%).

At Malgas Island, attacks on gannets occurred sthdces of 0—430 m from the island,
mostly from 10-100 m (Figure 2). Similarly, at Dyksland, Cape cormorants were
mostly killed at distances of 10-100 m from theunsl, whereas most African penguins
were attacked 30-100 m offshore (Figure 2). At Distand, two attacks on Cape
cormorant fledglings were recorded in shallow waidgrthe seals moved to deeper water

to feed on birds.
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Number, sex and maturity of sealsinvolved in attacks

The average numbers of seals that attended pradatents were 2.9 for Cape gannets at
Malgas Island (range 1-16, n = 1742; 26.5% of ktagere by a single seal), 1.5 for
Cape cormorants at Dyer Island (range 1-8, n = 494 of attacks were by a single
seal) and again 1.5 for African penguins at Dyéanid (range 1-9, n = 167; 70% of
attacks were by a single seal). For all predatieents, the average number of seals
involved was 2.1, 38% of attacks were by singldssaad thus 62% by groups of two or
more seals. Of seals seen preying on seabirds, W8 males (58% bulls (without
brown neck), 40% subadult and 2% of unidentified. $@nly 13 (0.23%) attacks were

carried out by big brown bulls.

Duration of a predation event

The duration of predation events by Cape fur seal€ape gannet fledglings at Malgas
Island ranged from 1-55 min (n = 1693), with mostrés lasting 5—20 min (Figure 3).

The average duration of these events was 11 miDy&t Island, predation events on
adult African penguins lasted 1-34 min (mean 16, mis 96) and on Cape cormorant
fledglings 1-39 min (mean 11 min, n = 492). Forhbspecies, most predation events

lasted 5—20 min (Figure 3).

Direction of attack

For all three species of seabird, more than 80%ttaicks by Cape fur seals took place

from behind or underneath the birds (Figure 4). s were first attacked from the
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front, side or above, or caught by their wings lggpers. Sample sizes were 1823 for
Cape gannet fledglings, 494 for Cape cormorangflads and 109 for African penguin
adults. Occasionally seals were seen porpoisingchading after birds as they tried to

swim away or take off.

Number of times birds were attacked

The numbers of times individual fledglings of Ceagennets and Cape cormorants and
adults African penguins were attacked by Cape @éalssare shown in Figure 5. Cape
gannet and Cape cormorant fledglings were mostcked between 4 to 7 times (53%
and 65% respectively), with 18% and 6% of individubeing attacked more than ten
times. For African penguins, 25% of birds were citéal more than 10 times. Only 33%
were attacked between 4 to 7 times (Figure 5).mbdian number of attacks was six for
Cape gannet fledglings (n = 1802), six for Capenmyant fledglings (n = 492) and eight

for African penguin adults (n = 106). The mediaresravsignificantly different between

species (Kruskal-Wallis test: H (2, n = 2374) 245, p = 0.0001).

The numbers of times birds were thrown from theewatre shown in Figure 6. For all
seabirds, 50 % or more birds were thrown from tregew more than 10 times. The
medians were > 10 (n =1802) for Cape gannet fladgli> 10 (range 1 — > 10) for Cape
cormorant fledgling and 10 (range 4 — > 10) forigdn penguin adults. The means were
significantly different between species (Kruskallligaest: H (2, n = 2279) = 15.701009,

p = 0.0004).
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Seals were also observed to attempt to shake ttEs bbody sidewaysOn four
occasions, when the sea was calm and the wind s#dlls were recorded killing and
feeding on Cape gannet fledglings and Cape cormdleaglings without shaking or
tossing the birds and hence little splashing. Tioey flesh off their victims. On about 15
occasions, seals caught birds and then dived awthytirem and disappeared. They were
also recorded killing birds, leaving them and latturning to feed on them. When many
Cape gannet and Cape cormorant fledglings wereeirséa, seals killed nine birds (eight
Cape gannet fledglings and one Cape cormorantivamd on to kill other birds without
feeding much on those that were first killed. Ocwaally, 3 birds were attacked by two
seals at the same time. On 14 occasions at Ma#jasd| seals were seen sharing the

carcass of a Cape gannet fledgling. They were ybuifig.

In many predation events, seals de-gloved the hihdsugh forcing the skin over the
head.About 20% of Cape gannets that washed ashore veegbosted.Other techniques
used to feed on seabirds included biting the abdoreeast muscles and/or cloaca or

ripping skin off the neck.

Fate and utilization of birds attacked

For all three seabirds, almost all individuals (@0@9%) were killed outright. Few were
left to die at sea or managed to escape (Figurén73everal instances, for all three
seabirds, seals fed only on the abdomen (12%) afmiéast muscles (1%), although
many carcasses were fully utilized (Figure 8). Earcasses found washed ashore at
islands, in the majority (60%) of instances only #ibbdomen and breast had been utilized,

and sometimes only the abdomen (15%) (Figure Q)ak less likely (4%) for African
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penguin adults that only the abdomen had beerzedilthan was the case for fledglings

of Cape gannets and Cape cormorants.

DISCUSSION

Attacks by Cape fur seals on Cape gannets and Capworants were mostly on
fledglings, which leave to sea by swimming or shikkght before dropping into the water.
Conversely, for African penguins, which swim andidna more protracted breeding and
fledging season than Cape gannets and Cape cornsdiockeyet al. 2005), mostly
adults were preyed upon. Naive fledglings may meglgéiss effort to kill than adult birds
(Penney and Lowry 1967) and may also congregakarge numbers to provide a ready
source of food (e.g. Makhackh al 2006). As at Ichaboe Island in Namibia (du Tatitl
2004), most predation events were identified thhoubge presence of other birds

overhead, some of which feed on scraps or carcassesims.

Cape fur seals feed mainly over the continentdf ¢bavid 1987), but foraging may take
place as far as 220 km offshore (Shaughnessy 1%&fecially by older animals
(Oosthuizen 1991). They are able to dive to deptH200 m, although 66% of dives are
to a depth less than 50 m (Mecenetal. 2005) and dives to depths greater than 150 m
are rare (Kooyman and Gentry 1986). Half of theediwccur at night; they become
shallower as the night progresses, possibly inomesp to prey migrating to the surface
during the night (David 1989). Day dives are moshallow to pursue shoaling fish
(David 1989). In this study, most feeding by Capedeals was in shallow water within
100 m of islands. This spatial pattern may simmylect a reduced availability of

seabirds farther away from their breeding islands.
172



Cape fur seals have previously been recorded tadeagirds from seabird nesting areas.
At Halifax Island, Namibia, an adult bull caught African penguin on land about 20 m
from the water. It killed the penguin by beatingagainst the ground (Rebelo 1984).
Between 1981 and 1986, an adult bull caught Afriganguins on the beach at Ichaboe
Island, Namibia (Crawford and Cooper 1996). At Maldsland, staff of the West Coast
National Park twice saw seals chase Cape gannetseafCrawford and Cooper 1996).
At Lamberts Bay during 2005/06 breeding season,eiit@e colony of Cape gannets
abandoned breeding after seals entered the colodyatiacked nesting birds, killing

more than 200 (Wolfaardt and Williams 2006).

At Malgas and Dyer islands, seals hunted bothadiit and in groups. Market al.
(1997) related an anecdotal account of a seal whhdy thought to be a female
apparently trying to teach two juveniles to feed @ape cormorant fledglings at Dyer
Island. Similarly, at Malgas Island one seal appiyeattempted to teach two younger
ones to kill cormorant fledglings (R.A. Navarro, iAral Demography Unit, University of
Cape Town, pers. comm.). Young seals sometimesngmaay individuals that feed
regularly on birds and may learn this behaviour eneh continue feeding on the carcass
once the main predator has left (du Tetital. 2004). Hirukiet al. (1999) noted incidents
of leopard sealblydrurga leptonyxnteracting while hunting, with one seal capturargl
releasing Antarctic fur sea\. gazellapups to another, although they referred to it as

leopard seals tolerating one another while hunting.

King (1983) described young male seals as actiegsynand engaging in play. At

Ichaboe Island, fur seals often play in the surfezadjacent to the island (du Teital.
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2004). Predation of seabirds by Cape fur sealsstay when curious seals capture birds

at play (du Toitet al 2004). Some may be killed and found to be tasgwérro 2000).

Similarly to earlier reports (Shaughnessy 1978, ligils 1988, Rebelo 1984, Hofmeyr
and Bester 1993, Daviet al 2003, du Toitet al. 2004), only male Cape fur seals were
observed feeding on seabirds. In pinnipeds predatiobirds may be restricted to male
pinnipeds (Riedman 1990). In some ottarid speclss, anales are the predominant
hunters of seabirds (Gentry and Johnson 1981, BamteHunter 1982, Pitcher and Fay
1982, Harcourt 1993, Byrnes and Hood 1994). Thistrasts a study on leopard seals
where both sexes attacked and fed on seabirds (Ragel Bryden 1995). Harcourt
(1993) suggests that adult male South Americanlisea Otaria flavescensre able to
exploit a food source (South American fur sé@istocephalus australighat the smaller
females are unable to utilize. Female Cape fursseragjage in reproduction at a younger
age than males (Shaughnessy 1982) and are atreediriy colonies when young males
are feeding on fledglings of Cape gannets and Capeorants. By contrast, the seal
breeding colony at Geyser Rock is close to Dyanidland adult penguins are taken later

in the seal breeding season.

Penney and Lowry (1966) found the duration of fegdby leopard seals on Adelie
penguinsPygoscelis adeliato range from 5-23 min, similar to the mean tirne$1-16
min recorded for Cape fur seals feeding on thresbisg species in this study. As
recorded in previous studies (Marksal. 1997, du Toitet al. 2004), typically Cape fur
seals approached birds from below or behind, grapthiem by the chest, neck or head.
The birds were then thrashed on the surface, neguh the skin being torn loose and

flung over the head or legs to expose the viscedabaeast muscles. Feeding by Cape fur
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seals generally involved several attacks on indi@idbirds. Similar behavior was

recorded on a study by Marksal. (1997).

Cape fur seals are capable of maintaining rapighgasing for > 20 min (Martiret al
2005) and they exhibit remarkable agility, focusl @ontrol, consistently employing zig-
zag evasive manoeuvers when escaping predatorgiriMéaral. 2005). It is likely that

these abilities make them efficient predators endba.

The techniques used by Cape fur seals for stripgegpirds were similar to those
reported by Lucas and McLaren (1988) for the gesl Halichoerus grypugPhocidae)

at Sable Island off Nova Scotia, Canada. Leopaats sEso repeatedly smack penguins
on the water surface in an attempt to dismembenthad they toss penguins several

meters into the air (Todd 1988).

Marks et al. (1997) reported that they rarely found de-gloveaicasses of Cape
cormorants on Dyer Island. However, in this study &ll three seabirds 10-20 % of
attacks ended in victims being de-gloved. They tmapecause of greater search effort in

this study.

Cape fur seals often eat only the viscera and stbneantents of seabirds they have
attacked (Cooper 1974, Crawford and Robinson 19B@gse parts are accessed via the
abdomen (Cooper 1974). Many abandoned carcassésasigre at Malgas Island (pers.
obs.) and other localities (Cooper 197%hat most of those encountered in this study
showed substantial utilization suggests that Capsdals were not only killing seabirds

but indeed feeding on them.
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Surplus killing has been defined as predatorsnigliprey in numbers exceeding that
which can be consumed at one time (Wobeser 2008)characterized by an absence of,
or a low level of, utilization of the carcass byetpredator (Shoret al. 2002). On
occasion, Cape fur seals appeared to kill sealnirésccess of their requirements. This
behavior has been described in red foxedpes vulpegShort et al. 2002), spotted
hyenasCrocuta crocuta(Kruuk 1972), minkMustela vison(Wobeser 2000) and other
mammalian predators (Shat al. 2002) and has been previously been proposedlfer ki
whalesOrcinus orca(Staceyet al. 1990, Jeffersoret al. 1991). Alternate explanations
are that such predation could represent a formlaf pehavior or result from adults

training younger animals to hunt (Bonner and Hut@82, Gaydost al 2005).
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CHAPTER 8

The efficacy of culling seals seen preying on seals as a means of

reducing seabird mortality
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The efficacy of culling seals seen preying on seals as a means of

reducing seabird mortality

ABSTRACT

In the 2006/2007 breeding season of Cape gamhetss capensisit Malgas Island, the
removal of 61 Cape fur sealsrctocephalus pusillus pusilluhat preyed on gannet
fledglings when they left to sea significantly redd the mortality rate of these
fledglings. However, because seals learned to atiwdboat used for their removal, it
was not possible to remove all the seals thatkijjannet fledglings and some mortality
continued. The seals inflicting the mortality watesub-adult males, with an average age
of <5 years. Sustained removal of these animals redyce this feeding behaviour,
which is at present having an adverse impact oreraévhreatened seabirds in the

Benguela ecosystem.

INTRODUCTION

Over the past decades, many native vertebrate espdve increased in abundance
(Garrott et al. 1993), whereas others have declined because ofopotenic habitat
changes (Reid and Miller 1989, World ConservatioronNbring Centre 1992).
Overabundant species (Wagner and Seal 1992, Gatratt 1993) have contributed to
the decline of rare vertebrates through predatommpetition, habitat change, disease
transmission and hybridization (Caughley 1981, deakd Wayne 1992, Wagner and
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Seal 1992, Garrottt al 1993). The control of populations of these abubhdaecies and
their harmful effects on other species has recenlede attention (Jewedt al. 1981,
McCullough and Barrett 1992, Garradt al. 1993, Harris and Saunders 1993). It is a
common concern in efforts to recover endangeredispéGoodrich and Buskirk 1995,

Yodzis 2001).

Off western South Africa, culling of Cape fur seAlstocephalus pusillus pusilluseen
preying on seabirds has been undertaken in ant éfdmit the mortality of seabirds,
several of which have an unfavourable conservatatus (Davicet al 2003). Cape fur
seals are opportunistic animals that have benefima several human activities. For
example, they utilize fish discarded by fishing tsoand take fish from fishers (e.qg.
Wickenset al 1992). Subsequent

to the elimination of some large mammalian predabmm much of the southern African
coastline, and to the exclusion of humans from diagnareas along the coast, large
breeding colonies of Cape fur seals have formeseaéral sites on the mainland (e.qg.

Kirkmanet al 2007).

The population of Cape fur seals increased marketllying the 20th century
(Butterworth et al. 1995). By contrast, several seabirds, such asAthean penguin
Spheniscus demersume specialist feeders that compete with fiskdoe food, had their
breeding habitat alteredhter alia through the removal of deposits of guano for
agricultural use, and decreased substantially duhe 20th century (Hockest al. 2005
and references therein). Recent interactions betvesals and seabirds off southern
Africa are exacerbating the population decreasesseabirds caused by human

perturbation of the marine ecosystem (e.g. Crawébral 1989, Davidet al. 2003). For
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example, at Malgas Island, in three seasons bet2@@/2001 and 2005/2006, Cape fur
seals killed 28—-83% (average 56%) of Cape garivietsis capensifledged at the island,

a mortality rate that is considered unsustaindidiekbadoet al 2006).

In the southern African situation, much of the @tézh of seabirds by seals was thought
to be attributable to a few rogue seals; mostlyasalged 2-10 years (Dawtal 2003).

It was hoped that the removal of these individels would substantially lessen their
impact on seabirds but, in the longer-term, thisvpd not to be the case. Mortality
increased to unsustainable levels in seasons folpwemoval of the rogue seals
(Makhadoet al 2006). This necessitated further investigatiomshe long-term effect of
removal of rogue seals on seabird mortality. Theeef at the conclusion of the
2006/2007 breeding season for Cape gannets, maenaions were conducted at
Malgas Island (33°03'S, 17°55'E) off western ScAftica and are reported in this paper.
The paper also presents additional informationhensex and age of seals inflicting the
mortality, investigates how the proportion of flédgs killed is related to the number of
seals that hunt them and explores the dependerssats on seabirds as a food source by

examining the extent of carcase utilization byghals.

METHODS

From 5-12 February and 15-18 February 2007, esisnaere made at Malgas Island of
the number of Cape gannet fledglings entering #eead of the number of fledglings
killed by Cape fur seals. In the first of theseip#s, a team based at the island shot,
under permit, the seals that were searching fokilbng Cape gannet fledglings. No

culling was undertaken in the second period.
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The number of gannet fledglings entering the watet the number killed by seals were
recorded by two observers, who kept watch from ag@tpoints over different areas
around the island during the same alternate haasymencing at 08h00 hours and
concluding at 18h00 hours. The vantage points atball fledglings entering the sea and

all predation events during the periods of obsémab be recorded.

On the first visit, the inflatable boat was guid®dobservers usintgvo way radio to

the site of predation event, where an experiencadsman attempted to shoot the seal
that had killed a gannet fledgling. An attempt waade to retrieve the carcases of all
culled seals and killed gannets using gaffs. Foheky, the total numbers of shots fired

and seals killed, including those that were naieeed, were recorded.

The sex of all seals that were shot was determireed the profile of their heads and
necks, using features described by Apps (2000).nbise of males is more pointed, their
neck thicker and their flipper is broader (M.A Mey®epartment of Environmental
Affairs and Tourism, ABM pers. obs.). The standd&dgths (American Society of
Mammalogists 1967) and axillary girths of all seadfiected were measured. The ages of
culled seals were estimated from size, based oviqu® experience with known age

individuals (Milleret al. 1996).

None of the collected seals was weighed, but m&&skg) was estimated from

measurements of length (L, cm) and axillary gir@, (cm) using the relationship

developed by Castellini and Kooyman (1990) and éllastand Calkins (1993):
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M =457 x10 [LG .

The mass and condition of carcases of gannet flegigl which were recovered, was
recorded. The average mass of Cape gannet chidksdging is 2.9 £ 0.3 kg (Jarvis
1974, Batchelor and Ross 1984, Navarro 1991). Istnmstances, seals were still by sea
feeding on the carcases at the time of their ciilec As seals would probably have fed
further, the extent of carcase utilizations will inederestimated. A Chi-squared test was
used to compare the proportions of Cape ganneglitegs that were killed by seals in the

periods 5-12 February and 15-18 February. The @ildred statistic was calculated as:

K _n)2
/Yczalczz(xI r]p)

i=1 ni I_Dfl ’ (1)
where X is the number of chicks killed in period
n is the total number of chicks going to sea inquer

_ Zx}

is the proportion of all chicks kille%p ==

l_g =

2N
q is the proportion of all chicks not killew =1- T)} , and
k =2.

We used a generalized linear model with a binondatribution and the logit
transformation to explore the relationship betwtenproportions of gannets in the water
that were killed by seals and two explanatory \@es: the number of shots fired on the

previous day (shots fired were taken to be a measiuhunting effort; it was considered
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that prior effort may deter seals from preying ealsrds) and the estimated daily number
of seals engaging in killing gannets. The lattduea were estimated by backcasting from
the number of predatory seals that remained alitkeaend of the cull and adding to this

the numbers killed each preceding day.

RESULTS

The number of Cape gannet fledglings observed iegtehe sea showed substantial
variation about a mean value of 161 per day (SE3)=(Table 1). The number of gannet
fledglings observed killed by seals decreased f@inon 8 February to zero on 11
February but increased again to 32 on 18 Febru@ablé 1). The percentage of
fledglings entering the sea that was killed by se#dcreased from 16% during 5-11

February to 7% during 15-18 February.

Both the number (r = -0.29, P = 0.41, n = 10) amghprtion (r = -0.43, P = 0.21, n = 10)
of fledglings killed were negatively related to &mA significantly lower proportion of
fledglings was killed in the post culling period abservations than during the period of

culling ¢/ = 31.15,P < 0.001, df =1).

The number of seals culled fell during the periddtlze cull, from a peak of 25
individuals on day 2 to zero on the final day (eaf). In total, 61 seals were shot and
killed. It was estimated that further four sealgevstill killing gannet fledglinggvhen the
shooting ceased, but the boat was not able to apprihem sufficiently close enough to
shoot them. The backcasting approach to estimataly numbers of predatory seals

suggested that on 5 February, the first day ofciile there were 65 seals engaged in
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killing gannets (Table 1). The generalized lineandel accounted for 51.6% of the
deviance: both the estimated number of predataais positive effect) and the number
of shots fired the previous day (negative effeet) b significant impact on the proportion

of gannet fledglings killed (both P < 0.001) (TaB)e

logit P =-2.40+ 0.034 seals alive on the day 348 shots fired previous da

where P = is the proportion of gannet fledglingkekli

For the 61 seals shot, the estimated average aged\Bayears (SD = 1.4); it ranged
between 2 and 8 years. For the 33 that were rettiethe estimated average age was 4.7
years (SD = 1.5). All animals retrieved were maldseir average length was 141.2 cm
(SD = 17.6) and their average axillary girth was486m (SD = 12.6). Using the
allometric equation to estimate mass, their averagss was found to be 50.8 kg (SD =
22.4, range 19.5-123.7 kg).

In total, 61 carcases of gannet fledglings thatlbeeh killed by seals were retrieved. The
average mass of these was 2.2 kg (SD = 0.4). Ab@Ut of the retrieved carcasses were
without breast muscles and viscera. For about 2D%eocarcases, only the viscera had

been eaten. About 7.5% of the carcasses had bientflized.

DISCUSSION

Protecting threatened species from extinction megumanagement interventions, which
may involve the removal of problem predators (Dasidal 2003). Where individual

rogue animals are causing the problem, their specgmoval should eliminate the
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problem, as long as measures are put into placdismourage other animals from
becoming problems in the future (National Marinshéries Service 1996). For example,
the removal of three troublesome California seadigalophus californianust Ballard
Locks, Seattle, to a captive facility (National @oe and Atmospheric Administration
1996) and the use of acoustic alarms (Marine Mam@@nmission 2000) reduced
depredations by sea lions on steelhead t@utorhynchus mykissassing through the
locks on their way to spawning grounds up rivert{dfal Oceanic and Atmospheric
Administration 1999). Culls of seals eating ganfietiglings around Malgas Island
rapidly reduced the mortality rate in 1999 and 2@QD@avid et al 2003) and similarly
around Ichaboe Island in Namibia (du Teital 2004). In this study, the removal of 61
seals inflicting mortality on Cape gannet fledgngsulted in an immediate reduction in
the mortality rate confirming that culling rogueiraals is an effective way to reduce
seabird mortality in the short term. However, ptema of gannet fledglings
recommenced within a week of cessation of culliogue seals (Table 1), in accordance
with previous observations that the interventiogminot have a beneficial effect in the
long term. It is difficult to remove all the sedlsat are killing the birds because, after a

period of culling, seals become wary of approacla bpat (M.A Meyer, pers. Obs.).

Hence, some seals that have developed a techragbhant seabirds remain, with the
potential to pass the technique on to younger dsintas possible that persistent culling
of seals that eat seabirds may decrease this fgpddihaviour of seals. Given that the
average age of seals feeding on gannet fledglintygaklas Island is estimated to be <5
years, it might be hoped that persistent removahe$e individuals over a period of 5
years would largely eliminate the behaviour. In 22900, 55% of seals killing seabirds

were 6 years and older compared to 24% in thisystMarine and Coastal Management,
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unpublished data). This reduced age of animalmgilseabirds probably resulted from

the removal of seals around Malgas Island durir@@1Z000.

Seabirds are not an important component of theadi€ape fur seals (Daviet al 2003,
Meceneroet al. 2005). Even for those individuals that have ledontatch seabirds, the
often poor utilization of carcasses (Dawtl al 2003) suggests that seabirds are not
essential in the diet and hence that the behawogint be stopped by the removal of all

animals that are practising it.

Culling, defined as the directed reduction in tiee of a population to achieve some
specified objective (Jewekt al. 1981) may involve lethal or nonlethal methods of
removal. Culling using nonlethal methods involvies tapture of individual animals and
their relocation elsewhere in the wild or their toement in captivity (e.g. Fraker and
Mate, 1999). In the context of seals preying orbsda off southern Africa, this is not
regarded as a control option because no meandady sapturing wild Cape fur seals at
sea have yet been developed. Previous effortsrditton Cape fur seals against certain
behaviours also proved unsuccessful (Shaughnessal. 1981). Lethal culling may
involve the targeted removal of offending indivitkui@r the indiscriminant killing of
large numbers of animals (essentially, culling f& population level) with a view to
reducing the number or severity of interactionsMeen the population being culled and
other populations. As in this study, Dawd al. (2003) reported that all seals causing

mortality of seabirds were sub-adult males.

Hence, it is only a segment of the seal populatiat is having an adverse impact on

southern Africa’s seabird populations (see alsa§haessy 1978, Rebelo 1984, Navarro
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2000, du Toitet al 2004, Meceneret al 2005), so that nonselective culling should be
avoided. Culling at the population level will noéaessarily remove the individuals that
are implicated in the presumed interaction (Lavigz@03). To have a maximum
beneficial effect, the seals killing birds should kemoved before they have inflicted
substantial mortality, for example when the fledgiof Cape gannet chicks is
commencing rather than late in the fledging periadbther species, for example during

predation on penguins (Marlks al. 1997), the fledging period may not be as distinct.
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Table 1 Numbers of Cape gannet fledglings entering tlaeasel killed by seals,

numbers of seals alive and shot, percentages ¢ Gaipnet fledglings in the water that

were killed by seals and number of seals killedefach day of observation

No. No.
gannet No. gannet shots
fledglings | fledglings % of fired the
entering killed by No. seals shot| No. seals alive birds previous

Date water seals during day at start of day | killed day

05 Feb 2007 | O 5 5 65 0 8

06 Feb 2007 | 157 43 25 60 27.38 8

07 Feb 2007 | 225 11 4 35 4.88 45

08 Feb 2007 | 234 61 18 31 26.07 11

09 Feb 2007 | 97 2 4 13 2.06 36

10 Feb 2007 | 76 17 5 9 22.37 6

11 Feb 2007 | 61 0 0 4 0 16

15 Feb 2007 167 2 0 4 1.19 0

16 Feb 2007 112 2 0 4 1.79 0

17 Feb 2007 | 203 19 0 4 9.36 0

18 Feb 2007 | 275 32 0 4 11.64 0
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Table 2 Results of the generalized linear model relatirggproportion of fledgling Cape

gannets killed around Malgas Island during 10 day=ebruary 2007 with two

explanatory variables

Regression
Explanatory variable estimate SD t P
Constant —2.403 0.123 -19.5 <0.001
Estimated no. predatory seals
alive the same day 0.03393 0.00379 8.94 <0.001
Number of shots fired the
previous day —0.03361 0.00668 -5.03 <0.001
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CHAPTER 9

Discussion and Conclusions
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Discussion and Conclusions

There are opportunistic and specialised predatorthé Benguelaupwelling marine

ecosystem. In general, the opportunistic preddtaxe benefited from human activities,
whereas specialists have been disadvantaged by fhemexample, the opportunistic
Cape fur seafrctocephalus pusillupusillus utilizes fish discarded by fishing boats and
also takes fish from fishing nets. By contrastyesal seabirds, such as the African
penguinSpheniscus demersuae specialist feeders that compete with fiskeioe food

and have had their breeding habitat alteirgér alia through the removal of guano

deposits for agricultural use.

There were large changes in the structure and itumog of the Benguela ecosystem
during the 28 century. Cape fur seals, which had been exploitedow levels of
abundance by the end of the™®entury, increased rapidly in numbers (Butterwath
al. 1995). Commercial fisheries were initiated (Crawfet al. 1987). Between them,
Cape fur seals and the fisheries removed two miltamnes more fish and cephalopods
from the Benguela ecosystem in the 1980s than dictyn the 1930s (Crawfordt al
1992). In this period, the consumption of fish aegphalopods by seals rose from 0.1 to
1.0 million tonnes, and the harvest by man from eodn01 to 1.3 million tonnes
(Crawford et al. 1992). The diet of Cape fur seals and the caicliigheries overlap

considerably with the diet of seabirds breedingtbé coast of South Africa, including
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African penguins and Cape gannbterus capensigCrawfordet al. 1987, David 1989,

Hockeyet al 2005).

Following the removal of large terrestrial predatoisuch as the brown hyaena
Parahyaena brunneafrom much of the southern African coastline, thape fur seal
formed large mainland colonies in the latter pdrthe 23" century (Kirkmanet al.
2007). It is possible that its numbers are now &ighan before the arrival of Europeans
in southern Africa in the 1600s. During the"agentury, populations of Subantarctic fur
seals A. tropicalis and Antarctic fur seal®A. gazellaincreased at South Africa’s
Subantarctic Prince Edward Islands following desadt earlier exploitation of these
species (Bestezt al 2003, Davidet al. 2003). The increase in the fur seal populations
was in part a recovery from earlier exploitationlaa levels of abundance. Off South
Africa, it may also result from man’s provision méw food and breeding resources for
seals. Cape fur seals feed behind fishing trawdergdiscarded fish and breed on the
mainland in large numbers, especially in humanwesich zones (diamond areas) where
mainland predators have also been eliminated. Feshéhave recently commenced
around the Prince Edward Islands (Hofmeyr and BeXd®2) but the extent to which

these fisheries contribute to the food of fur séadse is unknown.

Populations of several southern African seabirdsedesed substantially during the™20
century (Beset al 1997). The populations of some seabird spetidsearince Edward
Islands have also recently decreased, leading ioeco about their conservation status
(Barnes 2000, BirdLife International 2000, Crawfoethd Cooper 2003). Recent
interactions between seals and seabirds off squtAéica and at the Prince Edward

Islands are exacerbating some of the decreasewanseéning the conservation status of
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some seabirds (Crawford al. 1989, Davidet al 2003). Fur seals are feeding on seabirds
around breeding colonies, often inflicting heavyrtality that in cases is thought to be
unsustainable (Hofmeyr and Bester 1993, Crawftrchl 2001, du Toitet al. 2004,
David et al 2003). Fur seals are also displacing seabiras bieeeding sites; for example
African penguins that are no longer able to burmte guano are easily displaced from
surface nests by the much larger fur seals (Craindbrl 1989). Fur seals congregating
on landing beaches may be blocking access by pesigaibreeding localities (Ryaat

al. 2003). Fur seals may also be competing with saéalior food Crawfordet al. 1992,

Croll and Tershy 1998).

South Africa has a constitution which provides wtlts Bill of Rights (s 24(b)) that
everyone has the right to have the environmenteptetl for the benefit of present and
future generations, through reasonable legislatimd other measures thatter alia
promote conservation and secure ecologically susitde development and use of natural
resources. This accords with the Rio Declaratiod@82 which states that in order to
protect the environment, the precautionary appradal be widely applied by States
according to their capabilities. Where there aredts of serious or irreversible damage,
lack of full scientific certainty shall not be usad a reason for postponing cost-effective
measures to prevent environmental degradation. |&imi the World Summit on
Sustainable Development in 2002 encouraged thecapiph by 2010 of the ecosystem
approach, noting the Reykjavik Declaration on Respae Fisheries in the Marine
Ecosystem and a decision of the Conference ofd2atti the Convention on Biological
Diversity. It also encouraged states to maintairestore populations of marine species at
levels that can produce the maximum sustainabldd,yiaking into consideration

relationships among species, and to promote sadti@ruse and conservation of marine
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living resources while addressing critical uncettiais for the management of the marine

environment and climate change.

Given human perturbation of southern Africa’s mariecosystems and the poor
conservation status of several of the region’s isgégbit is necessary to manage adverse
interactions between seals and seabirds. In oaddotso, good information is required.

This thesis has attempted to provide such infownati

Chapter 2 estimated the mortality of Cape ganmeelglings attributable to Cape fur seals
for three breeding seasons at Malgas Island. Sigil&hapter 3 examined the extent of
predation by Cape fur seals on African penguin tasdudnd Cape cormorant
Phalacrocorax capensidledglings at Dyer Island. For Cape gannets andicah
penguins, the mortality inflicted by the seals appd unsustainable, whereas for Cape
cormorants, although large numbers of fledglingsewdled, the mortality seemed to be
sustainable. This was borne out by the fact thatnilimbers of Cape gannets at Malgas
Island and African penguins at Dyer Island havereised, whereas numbers of Cape
cormorants at Dyer Island have been stable. At Bitand, Lambert’'s Bay, seals Kkill
substantial numbers of Cape gannets (Ward andamili2004). At this locality, it was
predicted that if the predation rate on African géns continued at its observed rate,
although actual numbers involved were small, theorgo would be extinct by 2011
(Crawfordet al. 2001) and extinction in fact occurred in 2006 (Chaa et al. 2008a).
Seals prey on seabirds at several other southercaaflocalities (Chapter 4). At some of
these, information is still insufficient to assélss impact of the mortality on the seabird

populations. At Marion Island, Antarctic fur seakve killed substantial numbers of king

215



penguins Aptenodytes patagonicuand macaroni penguing&udyptes chrysolophus

(Chapter 4).

There are uncertainties in gauging the mortalitys@dbirds that is attributable to seals,
including estimating mortality in periods when nbservations were conducted. As a
first approximation, it was assumed that mortatdyes could be interpolated between
periods when observations were made. In order tamée this hypothesis,
environmental conditions were recorded during mkriovhen observations of mortality
were made at Malgas and Dyer islands. The influesicenvironmental factors on
predation rates was examined in Chapter 6. It wasd that the time of day explained
most of the variability in predation rates. Otheriables such as wind strength, wind
direction, tides and swells had less influence adation rates. There is considerable
variation in predation rates that cannot be acamurior by environmental variables.
Therefore, it is likely that uncertainty concernipggedation rates can best be reduced by

decreasing the periods for which interpolationnddérmation is required.

The diet of Cape fur seals consists mainly of t&idish, with cephalopods, crustaceans
and rock lobster also eaten (David 1987). Capeséals have been observed to prey on
seabirds (Rand 1959, Cooper 1974, Shaughnessy Bt&lo 1984, Crawford and
Cooper 1996, Markst al. 1997, Navarro 2000, Crawfoet al. 2001, Davidet al. 2003,

du Toitet al. 2004, Makhadcet al.2006). Being generalist feeders in a highly vaeabl
ecosystem, Cape fur seals can be expected to feltally abundant prey species, such
as seabirds. In Chapter 5, the diet, age and seeal$ seen feeding, or thought to be
feeding, on seabirds were investigated. It wasdahat that Cape gannets dominated the

diet of these fur seals by a high margin. Knownyptems of Cape gannets, which may
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have been obtained from the alimentary tract addgleg gannets, were also identified
but in smaller percentages. Hence, when the seate wulled they were subsisting
mainly on the fledglings. Other prey items of thesals included the rock lobst#asus

lalandii and the common octop@xtopus vulgaris

It is only a small proportion of the Cape fur spapulation that is feeding extensively on
seabirds, almost exclusively males and mostly sulbadlls (Chapter 5). This means that
it may be possible to manage the mortality of selsbcaused by seals through culling
those animals that are responsible for the moytélhapter 8). It is possible that older
bulls may be teaching younger males to hunt sesbamnd hoped that the removal of such
specialist feeders may greatly reduce the habg.faht that only a limited portion of the
Cape fur seal population is feeding on seabirdsnsé@at indiscriminate culling of seals
is unlikely to have immediate benefit for seabiah&l highlights the need to understand
the nature of the interaction. The hunting behavioli seals feeding on seabirds is
described in Chapter 7. Most of the mortality oalsels is inflicted in close proximity to
islands, further increasing the probability of tHmm of control reducing seabird
mortality. However, feeding by seals on seabirds ibehaviour that is likely to be

relearnt and may need ongoing control.

Environmental change has recently caused a sulataastward displacement off South
Africa of two of the prey species of Cape fur seaésdineSardinops saga&nd anchovy
Engraulis encrasicolugFairweatheret al 2006, Royet al. 2007, Coetzeet al 2008).
The subsequent reduction in prey off South Africatst coast may have been partially
responsible for the recent increase in numberseabisds being killed by seals in this

region, and in the particular the sudden increasattacks ashore. That food recently
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became scarce in the north and central portionthefWestern Cape, is suggested by
several observations for seabirds that feed pnefietyy on sardine and anchovy. In 2005,
Cape gannets in the Western Cape, which then fedaply on low-energy fishery
discards, had a higher foraging effort and expibiée greater area than those in the
Eastern Cape, which fed mainly on sardine and ancl{Pichegruet al. 2007). At
Malgas Island, measured breeding success for Capeets was very low (0.02 chicks
per pair) in the 2005/06 breeding season (Grénelietl. 2008). In the same season, all
gannets at the Lambert’s Bay colony abandoned mged an early stage (Crawfoed

al. 2007a). At Robben Island, survival of adult A#mcpenguins decreased after 2004

(Crawfordet al.2008a).

In South Africa, the displacement of seabirds bgisérom breeding sites has hitherto
been controlled by non-lethal interventions such tae construction of walls
(Shaughnessy 1980) and seal-disturbance prograiimaebave caused seals to relocate
to other localities (Crawforcet al. 1999, Crawfordet al. 2001). Another possible
intervention is the creation of a temporary eleatribarrier between seals and seabirds,
which may also prevent seals chasing seabirds rah k& relatively new behaviour for
Cape fur seals (Wolfaardt and Williams 2006). Sddube wished to control growth of
the Cape fur seal population, the use of contrageqtrather than lethal methods, may
be considered. Such techniques have been sucdgsgiplied on lionsPanthera lean

Etosha National Park, Namibia (Seal 1989).

In order better to manage adverse interactions deivseals and seabirds in southern
Africa, more information is required on predaticinseabirds by seals. For example, at

Dyer Island observations were not conducted througla year so that mortality of
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African penguins attributable to seals may be uestenated (Chapter 3). At several
other localities only sketcky information has begathered (Chapter 4). More
information is also needed on seabird demography, lereeding success of Cape
cormorants (Chapter 3), in order to model sustdlitalof predation rates. Further,

although observations on a decrease in the avaggef seals killing seabirds at Malgas
Island has led to formulation of the hypothesist tés behaviour is taught by older
males to younger seals, this needs to be testambtiynuing observations on numbers

and ages of seals killing seabirds around Maldasds

Although Cape fur seals are at present abundathieiBenguela ecosystem, it should be
borne in mind that this was not the case a cerdgoy and natural decreases in seals may
occur. There have been several suggestions thatrieture of the Benguela ecoststem
has changed (e.g. Lynaet al 2006, Crawforcdet al 2007b) and climate change may

further alter its functioning (Crawforet al 2008b).
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