Famine in a time of plenty — a recent paradox in the Benguela
upwelling system
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Major breeding
localities of seabirds in
the Benguela
ecosystem



Three endemic seabirds that feed
predominately on exploited,
nutritious forage (sardine, anchovy)
are now Endangered
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Sheet1

		African Penguin, Cape Gannet and Cape Cormorant in three regions

						Pairs										Thousand pairs

						1950s		1970s		1990s		2010s				1950s		1970s		1990s		2010s

		Namibia

		Afr P				49045		12162		6603		5497				49.045		12.162		6.603		5.497

		Cape G				203770		79961		31735		3080				203.77		79.961		31.735		3.08

		Cape C				15000		170553		86000		57400				15		170.553		86		57.4

		Total				267815		262676		124338		65977				267.815		262.676		124.338		65.977

		w South Africa

		Afr P				92050		41389		18478		8579				92.05		41.389		18.478		8.579

		Cape G				30955		33764		55229		35681				30.955		33.764		55.229		35.681

		Cape C				100000		106417		30000		54306				100		106.417		30		54.306

		Total				223005		181570		103707		98566				223.005		181.57		103.707		98.566

		e South Africa

		Afr P				6014		15511		20619		10363				6.014		15.511		20.619		10.363

		Cape G				24341		45032		59984		84362				24.341		45.032		59.984		84.362

		Cape C				6		407		1000		2381				0.006		0.407		1		2.381

		Total				30361		60950		81603		97106				30.361		60.95		81.603		97.106

		Overall

		Afr P				147109		69062		45700		24439				147.109		69.062		45.7		24.439

		Cape G				259066		158757		146948		123123				259.066		158.757		146.948		123.123

		Cape C				115006		277377		117000		114087				115.006		277.377		117		114.087

		Total				521181		505196		309648		261649				521.181		505.196		309.648		261.649
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Namibia

Decreases followed collapse of sardine (without replacement) after 1960s.
Range of collapsed sardine contracted to the north away from islands.
Penguins with limited swimming range decreased first.

Gannets with foraging range > 100 k followed.

Cormorants (able to breed at northern platforms) decreased less severely.

Crawford 2007, Journal of
Ornithology 148 (Suppl 2): S253—
S260.



Western South Africa

A shift east in the centre of distribution of adult sardine and adult anchovy occurred between
the mid-1990s and mid-2000s.

Fairweather et al. 2006. African Journal of Marine Science 28, 661-680.
Roy et al. 2007. African Journal of Marine Science 29, 309-319.
Coetzee et al. 2008. ICES Journal of Marine Science 65, 1676-1688.

Consequent mismatches in the distributions of breeding localities and prey caused decreases of
seabirds that eat these fish.

Sardine 1997-2005



Although sardine collapsed, anchovy increased and its adult biomass in the west
showed no long-term tend.

Young-of-the-year anchovy recruiting along the west coast increased.
Forage for predators should have been plentiful.

Augustyn et al. 2018. South Africa. In: Phillips B, Pérez-Ramirez
M (eds) Climate Change Impacts on Fisheries and Aquaculture: A
Global Analysis. John Wiley & Sons Ltd, 479-522.

Van der Sleen et al. 2018. Marine Ecology Progress Series, 596: 155-164.

Paradoxically, predator decreases and behaviours indicated extreme scarcity of prey.

Apparently, a decreased portion of prey biomass was available to seabirds.



The diet of Cape gannets (Morus capensis) was examined
to investigate the availability of forage resources

Forage widely, dive to c. 20 m, able to switch prey. Hence
diet is likely to reflect epipelagic prey availability.

Diet sampled monthly in their summer breeding season,
at both their localities off South Africa’s west coast, over
a 38-year period: 1978/79-2015/16.
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Principal Component Analysis was applied to the diet time
series to obtain forage indices.

One significant PC, termed Forage Availability Index (FA/),
was:

positively related to the combined contribution of sardine
and anchovy to the diet;

negatively related to less-nutritious hake offal scavenged
from bottom trawlers and to the offshore saury.
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pcs

		year_x		pc1_saranc_sepmar		pc2_saranc_sepmar				sardine and anchovy in caga diet

		1977

		1978		-5.421845		-0.44				Component		Eigenvalue		Proportion		Cumulative

		1979		-4.245456		-1.08				1		12.0437		0.4301		0.4301

		1980		-5.302576		0.32				2		3.9653		0.1416		0.5718

		1981		-6.594982		0.94				3		2.0173		0.0720		0.6438

		1982		-6.299792		-0.22

		1983		-4.742522		-0.28						Eigenvectors

		1984		-1.480468		-2.19				Variables		1		2

		1985		0.1146508		-0.95				Sardine, Lamberts Bay September		0.1904		0.0882

		1986		-4.463216		4.29				Sardine, Lamberts Bay October		0.2214		0.1130

		1987		-1.873854		2.49				Sardine, Lamberts Bay November		0.2017		-0.0859

		1988		-1.19646		3.35				Sardine, Lamberts Bay December		0.2139		-0.0780

		1989		5.476567		0.81				Sardine, Lamberts Bay January		0.2232		0.1283

		1990		4.06102		0.23				Sardine, Lamberts Bay February		0.1994		0.1596

		1991		-1.71271		3.66				Sardine, Lamberts Bay March		0.1627		0.2084

		1992		-0.9558753		2.03				Sardine, Malgas Island September		0.1279		0.3145

		1993		2.714048		0.57				Sardine, Malgas Island October		0.2371		0.0494

		1994		6.621481		1.34				Sardine, Malgas Island November		0.2286		0.1575

		1995		3.998327		1.53				Sardine, Malgas Island December		0.2355		0.1079

		1996		6.139474		1.76				Sardine, Malgas Island January		0.1974		0.2470

		1997		3.070041		1.03				Sardine, Malgas Island February		0.1675		0.3211

		1998		4.312734		1.37				Sardine, Malgas Island March		0.0575		0.3972

		1999		2.060059		0.35				Anchovy, Lamberts Bay September		-0.1359		0.0754

		2000		1.170609		1.02				Anchovy, Lamberts Bay October		-0.1947		0.0329

		2001		-2.111403		2.51				Anchovy, Lamberts Bay November		-0.1668		0.2622

		2002		-0.0007038		2.00				Anchovy, Lamberts Bay December		-0.1907		0.2915

		2003		1.863799		-0.59				Anchovy, Lamberts Bay January		-0.2135		0.1733

		2004		-0.5531946		-2.55				Anchovy, Lamberts Bay February		-0.1840		0.1098

		2005		-0.9109491		-3.38				Anchovy, Lamberts Bay March		-0.1614		-0.0094

		2006		-1.116667		-2.90				Anchovy, Malgas Island September		-0.1816		0.0288

		2007		-1.243081		-2.82				Anchovy, Malgas Island October		-0.2308		0.1453

		2008		-1.100948		-0.72				Anchovy, Malgas Island November		-0.2376		0.1311

		2009		1.837875		-2.53				Anchovy, Malgas Island December		-0.1715		0.2458

		2010		3.322225		-1.42				Anchovy, Malgas Island January		-0.1678		0.2468

		2011		3.27664		-2.36				Anchovy, Malgas Island February		-0.1832		0.0305

		2012		2.735947		-1.23				Anchovy, Malgas Island March		0.0424		-0.2388

		2013		-0.5527528		-1.80

		2014		-1.46386		-1.75

		2015		0.5678172		-2.38
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pc2

		year_x		pc2_saranc		Sardine		Anchovy		Sardine &		Hakes		Saury		Hakes &

				_sepmar						Anchovy						Saury

		1978		-5.42		9.50		56.05		65.55		8.35		19.25		27.60

		1979		-4.25		9.10		43.30		52.40		3.60		23.80		27.40

		1980		-5.30		7.80		56.65		64.45		7.35		17.20		24.55																r2		0.825

		1981		-6.59		2.95		63.35		66.30		7.30		13.70		21.00																r		0.908

		1982		-6.30		2.65		59.05		61.70		12.35		19.30		31.65																n		38

		1983		-4.74		5.60		49.80		55.40		18.40		12.85		31.25																df		36

		1984		-1.48		14.65		22.35		37.00		17.50		32.65		50.15																P		< 0.001

		1985		0.11		32.35		25.20		57.55		16.55		18.75		35.30

		1986		-4.46		28.70		61.50		90.20		1.75		5.85		7.60

		1987		-1.87		32.35		41.55		73.90		4.20		17.15		21.35

		1988		-1.20		37.75		44.85		82.60		3.10		12.00		15.10

		1989		5.48		67.20		4.50		71.70		6.65		8.65		15.30

		1990		4.06		57.50		8.40		65.90		7.90		10.80		18.70

		1991		-1.71		38.55		44.65		83.20		5.85		5.05		10.90

		1992		-0.96		38.75		39.80		78.55		7.70		6.15		13.85

		1993		2.71		49.55		13.75		63.30		6.85		19.80		26.65

		1994		6.62		79.50		4.65		84.15		5.40		4.30		9.70

		1995		4.00		61.40		13.80		75.20		7.00		8.70		15.70																r2		0.811

		1996		6.14		73.70		1.80		75.50		7.75		7.10		14.85																r		0.901

		1997		3.07		53.10		12.35		65.45		7.60		10.10		17.70																n		38

		1998		4.31		65.00		15.60		80.60		8.90		6.05		14.95																df		36

		1999		2.06		47.15		21.35		68.50		12.00		11.55		23.55																P		< 0.001

		2000		1.17		44.05		24.50		68.55		6.45		16.05		22.50

		2001		-2.11		31.90		46.25		78.15		3.90		12.90		16.80

		2002		-0.00		37.60		29.75		67.35		7.30		18.70		26.00

		2003		1.86		41.75		15.45		57.20		6.85		30.60		37.45

		2004		-0.55		15.80		13.30		29.10		14.45		44.65		59.10

		2005		-0.91		9.10		10.50		19.60		20.85		35.40		56.25

		2006		-1.12		12.20		25.35		37.55		13.55		27.70		41.25

		2007		-1.24		13.35		25.70		39.05		18.85		32.10		50.95

		2008		-1.10		23.60		31.05		54.65		9.80		28.75		38.55

		2009		1.84		40.15		21.40		61.55		9.20		22.50		31.70

		2010		3.32		45.50		4.15		49.65		5.55		13.70		19.25

		2011		3.28		51.70		18.80		70.50		4.50		11.45		15.95

		2012		2.74		47.20		16.05		63.25		7.70		19.65		27.35

		2013		-0.55		22.80		19.45		42.25		6.25		39.85		46.10

		2014		-1.46		12.75		24.45		37.20		4.10		43.50		47.60

		2015		0.57		28.95		19.35		48.30		4.95		41.45		46.40
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Figs

		year_x		pc2_saranc		Hakes		Saury		Hakes &		Sardine		Anchovy		Sardine &		Sar & Anc																								Sar & Anc		pc2_saranc

				_sepmar						Saury						Anchovy		biomass																								biomass		_sepmar

																		w C Agulh																								w C Agulh

		1978		-0.44		8.35		19.25		27.6		9.5		56.05		65.55																		r2		0.293				1984		0.05		-2.19

		1979		-1.08		3.6		23.8		27.4		9.1		43.3		52.4																		r		0.542				1985		0.03		-0.95																r2		0.091

		1980		0.32		7.35		17.2		24.55		7.8		56.65		64.45																		n		38				1986		0.24		4.29																r		0.302

		1981		0.94		7.3		13.7		21		2.95		63.35		66.3																		df		36				1987		0.09		2.49																n		30

		1982		-0.22		12.35		19.3		31.65		2.65		59.05		61.7																		P		< 0.001				1988		0.13		3.35																df		34

		1983		-0.28		18.4		12.85		31.25		5.6		49.8		55.4																								1989		0.20		0.81																P		ns

		1984		-2.19		17.5		32.65		50.15		14.65		22.35		37		0.05																						1990		0.25		0.23

		1985		-0.95		16.55		18.75		35.3		32.35		25.2		57.55		0.03																						1991		0.52		3.66

		1986		4.29		1.75		5.85		7.6		28.7		61.5		90.2		0.24																						1992		0.25		2.03

		1987		2.49		4.2		17.15		21.35		32.35		41.55		73.9		0.09																						1993		0.48		0.57

		1988		3.35		3.1		12		15.1		37.75		44.85		82.6		0.13																						1994		0.39		1.34

		1989		0.81		6.65		8.65		15.3		67.2		4.5		71.7		0.20																						1995		0.36		1.53

		1990		0.23		7.9		10.8		18.7		57.5		8.4		65.9		0.25																						1996		0.26		1.76

		1991		3.66		5.85		5.05		10.9		38.55		44.65		83.2		0.52																						1997		0.96		1.03

		1992		2.03		7.7		6.15		13.85		38.75		39.8		78.55		0.25																						1998		1.08		1.37

		1993		0.57		6.85		19.8		26.65		49.55		13.75		63.3		0.48																r2		0.553				1999		0.71		0.35																r2		0.139

		1994		1.34		5.4		4.3		9.7		79.5		4.65		84.15		0.39																r		0.744				2000		0.73		1.02																r		0.373

		1995		1.53		7		8.7		15.7		61.4		13.8		75.2		0.36																n		38				2001		0.67		2.51																n		13

		1996		1.76		7.75		7.1		14.85		73.7		1.8		75.5		0.26																df		36				2002		1.18		2.00																df		11

		1997		1.03		7.6		10.1		17.7		53.1		12.35		65.45		0.96																P		< 0.001				2003		1.34		-0.59																P		ns

		1998		1.37		8.9		6.05		14.95		65		15.6		80.6		1.08																						2004		0.29		-2.55

		1999		0.35		12		11.55		23.55		47.15		21.35		68.5		0.71																						2005		0.08		-3.38

		2000		1.02		6.45		16.05		22.5		44.05		24.5		68.55		0.73																						2006		0.18		-2.90

		2001		2.51		3.9		12.9		16.8		31.9		46.25		78.15		0.67																						2007		0.06		-2.82

		2002		2.00		7.3		18.7		26		37.6		29.75		67.35		1.18																						2008		0.21		-0.72

		2003		-0.59		6.85		30.6		37.45		41.75		15.45		57.2		1.34																						2009		0.26		-2.53

		2004		-2.55		14.45		44.65		59.1		15.8		13.3		29.1		0.29																						2010		0.31		-1.42

		2005		-3.38		20.85		35.4		56.25		9.1		10.5		19.6		0.08																						2011		0.18		-2.36

		2006		-2.90		13.55		27.7		41.25		12.2		25.35		37.55		0.18																						2012		0.19		-1.23

		2007		-2.82		18.85		32.1		50.95		13.35		25.7		39.05		0.06																						2013		0.65		-1.80																r2		0.591

		2008		-0.72		9.8		28.75		38.55		23.6		31.05		54.65		0.21																r2		0.647				2014		0.20		-1.75																r		0.769

		2009		-2.53		9.2		22.5		31.7		40.15		21.4		61.55		0.26																r		0.805				2015		0.10		-2.38																n		19

		2010		-1.42		5.55		13.7		19.25		45.5		4.15		49.65		0.31																n		38																								df		17

		2011		-2.36		4.5		11.45		15.95		51.7		18.8		70.5		0.18																df		36																								P		< 0.001

		2012		-1.23		7.7		19.65		27.35		47.2		16.05		63.25		0.19																P		< 0.001

		2013		-1.80		6.25		39.85		46.1		22.8		19.45		42.25		0.65

		2014		-1.75		4.1		43.5		47.6		12.75		24.45		37.2		0.20

		2015		-2.38		4.95		41.45		46.4		28.95		19.35		48.3		0.10

																																																												r2		0.127

																																		r2		0.755																								r		0.356

																																		r		0.869																								n		12

																																		n		38																								df		10

																																		df		36																								P		ns

																																		P		< 0.001

																																																												r2		0.495

																																																												r		0.703

																																																												n		17

																																																												df		15

																																																												P		< 0.02
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				Lamberts Bay										Malgas Island										Lambert's Bay and Malgas Island

		Year		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total

		1978		13.4		67.9		5.3		5.9		92.5		5.6		44.2		11.4		32.6		93.8		9.5		56.1		8.4		19.3		93.2

		1979		8.4		45.6		0.3		12.9		67.2		9.8		41.0		6.9		34.7		92.4		9.1		43.3		3.6		23.8		79.8

		1980		3.3		78.3		0.0		5.6		87.2		12.3		35.0		14.7		28.8		90.8		7.8		56.7		7.4		17.2		89.0

		1981		1.3		79.1		4.0		2.2		86.6		4.6		47.6		10.6		25.2		88.0		3.0		63.4		7.3		13.7		87.3

		1982		4.4		74.3		1.2		11.8		91.7		0.9		43.8		23.5		26.8		95.0		2.7		59.1		12.4		19.3		93.4

		1983		5.0		70.2		0.1		4.0		79.3		6.2		29.4		36.7		21.7		94.0		5.6		49.8		18.4		12.9		86.7

		1984		19.9		15.9		11.6		34.6		82.0		9.4		28.8		23.4		30.7		92.3		14.7		22.4		17.5		32.7		87.2

		1985		34.8		31.9		10.2		12.9		89.8		29.9		18.5		22.9		24.6		95.9		32.4		25.2		16.6		18.8		92.9

		1986		20.9		72.7		0.2		3.4		97.2		36.5		50.3		3.3		8.3		98.4		28.7		61.5		1.8		5.9		97.8

		1987		37.1		44.2		0.3		11.3		92.9		27.6		38.9		8.1		23.0		97.6		32.4		41.6		4.2		17.2		95.3

		1988		20.0		69.7		0.0		6.8		96.5		55.5		20.0		6.2		17.2		98.9		37.8		44.9		3.1		12.0		97.7

		1989		68.7		1.8		1.9		6.4		78.8		65.7		7.2		11.4		10.9		95.2		67.2		4.5		6.7		8.7		87.0

		1990		49.0		13.5		2.2		8.8		73.5		66.0		3.3		13.6		12.8		95.7		57.5		8.4		7.9		10.8		84.6

		1991		29.6		53.6		2.6		4.1		89.9		47.5		35.7		9.1		6.0		98.3		38.6		44.7		5.9		5.1		94.1

		1992		26.4		51.9		1.6		7.6		87.5		51.1		27.7		13.8		4.7		97.3		38.8		39.8		7.7		6.2		92.4

		1993		46.1		22.2		0.7		17.1		86.1		53.0		5.3		13.0		22.5		93.8		49.6		13.8		6.9		19.8		90.0

		1994		88.5		3.7		0.6		1.4		94.2		70.5		5.6		10.2		7.2		93.5		79.5		4.7		5.4		4.3		93.9

		1995		59.1		25.0		0.0		1.7		85.8		63.7		2.6		14.0		15.7		96.0		61.4		13.8		7.0		8.7		90.9

		1996		73.6		3.4		5.1		1.3		83.4		73.8		0.2		10.4		12.9		97.3		73.7		1.8		7.8		7.1		90.4

		1997		38.8		20.7		1.9		10.5		71.9		67.4		4.0		13.3		9.7		94.4		53.1		12.4		7.6		10.1		83.2

		1998		62.5		26.4		1.0		2.5		92.4		67.5		4.8		16.8		9.6		98.7		65.0		15.6		8.9		6.1		95.6

		1999		35.8		37.5		5.8		6.7		85.8		58.5		5.2		18.2		16.4		98.3		47.2		21.4		12.0		11.6		92.1

		2000		36.4		36.3		0.4		15.1		88.2		51.7		12.7		12.5		17.0		93.9		44.1		24.5		6.5		16.1		91.1

		2001		19.5		52.4		0.0		18.7		90.6		44.3		40.1		7.8		7.1		99.3		31.9		46.3		3.9		12.9		95.0

		2002		15.3		45.1		1.6		25.3		87.3		59.9		14.4		13.0		12.1		99.4		37.6		29.8		7.3		18.7		93.4

		2003		52.9		12.9		0.8		25.5		92.1		30.6		18.0		12.9		35.7		97.2		41.8		15.5		6.9		30.6		94.7

		2004		17.4		19.9		3.3		45.9		86.5		14.2		6.7		25.6		43.4		89.9		15.8		13.3		14.5		44.7		88.2

		2005		11.9		15.6		12.9		27.6		68.0		6.3		5.4		28.8		43.2		83.7		9.1		10.5		20.9		35.4		75.9

		2006		12.6		31.1		3.9		21.6		69.2		11.8		19.6		23.2		33.8		88.4		12.2		25.4		13.6		27.7		78.8

		2007		12.3		32.4		4.7		34.0		83.4		14.4		19.0		33.0		30.2		96.6		13.4		25.7		18.9		32.1		90.0

		2008		17.1		51.7		0.0		20.2		89.0		30.1		10.4		19.6		37.3		97.4		23.6		31.1		9.8		28.8		93.2

		2009		44.2		23.3		0.8		20.3		88.6		36.1		19.5		17.6		24.7		97.9		40.2		21.4		9.2		22.5		93.3

		2010		48.1		2.9		0.8		9.1		60.9		42.9		5.4		10.3		18.3		76.9		45.5		4.2		5.6		13.7		68.9

		2011		61.8		18.4		0.7		8.9		89.8		41.6		19.2		8.3		14.0		83.1		51.7		18.8		4.5		11.5		86.5

		2012		47.9		21.4		3.9		17.5		90.7		46.5		10.7		11.5		21.8		90.5		47.2		16.1		7.7		19.7		90.6

		2013		19.9		25.7		2.7		36.0		84.3		25.7		13.2		9.8		43.7		92.4		22.8		19.5		6.3		39.9		88.4

		2014		14.3		37.9		2.4		31.8		86.4		11.2		11.0		5.8		55.2		83.2		12.8		24.5		4.1		43.5		84.8

		2015		34.7		31.5		0.3		27.4		93.9		23.2		7.2		9.6		55.5		95.5		29.0		19.4		5.0		41.5		94.7

		Average		31.9		36.0		2.5		14.9		85.3		36.1		19.3		14.8		23.5		93.7		34.0		27.6		8.6		19.2		89.5

		Correlation		Sardine		Anchovy

				LB v Mal		LB v Mal

		r		0.772		0.774

		n		37		37

		df		35		35

		P		< 0.001		< 0.001
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				Availability		Cape		African		African		Cape		Cape		Cape		African penguin				African penguin

				index		gannet		penguin		penguin		cormorant		gannet		gannet		adult survival				moulters Dassen

						nw C Point		nw C Point		nw C Point		nw C Point		Malgas Is		Lambert's Bay		Dassen		Robben		adult		immature

						000 pairs		000 pairs		less potential		000 pairs		chicks/pair		chicks/pair						000s (Robinson)

		1978		-0.438		33.764						68.357

		1979		-1.082				18.334

		1980		0.320		36.891

		1981		0.938		38.469

		1982		-0.224		39.149

		1983		-0.275		25.928

		1984		-2.191		38.003

		1985		-0.948		36.451						11.384

		1986		4.290		50.056

		1987		2.485		54.985		7.127

		1988		3.345		52.449						72.380		0.370

		1989		0.812		63.987						5.186		0.430

		1990		0.233		38.705						9.430		0.333

		1991		3.655		55.549		12.238				57.332		0.457		0.542

		1992		2.032		52.930		11.037				54.092		0.341		0.688

		1993		0.571		42.782		10.339				1.667		0.466		0.537

		1994		1.340		57.748		14.006				10.981		0.369		0.982		0.769		0.785		12.360		1.398

		1995		1.532		59.669		13.427				15.488		0.548		0.478		0.741		0.830		12.373		1.767

		1996		1.760		67.202		13.826				14.672		0.192		0.149		0.802		0.824		12.950		4.940

		1997		1.026		61.491		13.434		13.347		13.873		0.438		0.724		0.763		0.824		16.195		3.374

		1998		1.373		60.987		15.714				4.197		0.819		0.670		0.803		0.946		21.531		8.324

		1999		0.351				20.840		20.082		19.816		0.620		0.543		0.824		0.998		25.174		8.399

		2000		1.021		59.689		24.029		22.449		9.122		0.408		0.500		0.723		0.657		26.175		6.720

		2001		2.506		58.205		30.002		26.469		24.631		0.354				0.820		0.859		25.767		8.305

		2002		1.998				31.490		26.528		7.690		0.430		0.451		0.644		0.792		25.177		5.680

		2003		-0.588		41.599		27.631		20.585		14.245		0.416		0.583		0.545		0.854		16.642		3.915

		2004		-2.547				34.287		21.897		6.702		0.418		0.630		0.531		0.684		17.385		5.006

		2005		-3.380		36.156		31.293		18.221		21.076		0.020		0.000		0.485		0.659		11.377		2.186

		2006		-2.896		33.441		20.026		11.235		8.179		0.031				0.508		0.469		7.729		1.719

		2007		-2.824		39.855		18.461		10.675		10.061		0.347		0.583		0.430		0.675		2.160		0.618

		2008		-0.722		44.813		11.186		8.914		7.114		0.109		0.450		0.768		0.640		0.420		0.076

		2009		-2.528		38.965		8.390		5.304		15.600		0.141		0.394		0.582		0.625		0.340		0.124

		2010		-1.423				8.054		4.492		16.398		0.338		0.800		0.818		0.511

		2011		-2.363		38.431		6.327		3.489		13.388		0.576		0.607		0.606		0.464

		2012		-1.234		29.159		4.865		3.236		10.336		0.410		0.960

		2013		-1.796		22.236		4.444		3.095		2.455		0.034		0.725

		2014		-1.746		23.967		3.352		2.108		10.187		0.000		0.200

		2015		-2.384		28.697		3.661		2.012		8.278		0.716		0.689

								4-y lag

		r				0.705		0.533		0.600		0.442		0.349		0.114		0.769		0.702		0.628		0.559

		n				33		26		18		30		28		23		18		18		16		16

		df				31		24		16		28		26		21		16		16		14		14

		P				< 0.001		< 0.01		< 0.005		< 0.02		< 0.10		ns		< 0.001		< 0.002		< 0.01		< 0.05
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				Year		Numbers breeding in northwest South Africa								Breeding success		Adult survival				Numbers moulting

																				Adults		Immatures

						Cape gannet		African penguin		Cape cormorant		Greater crested tern		Cape gannet		African penguin				African penguin

						thousand pairs								chicks/pair		per year				thousands

				Colonies		All		All		Main		All		Malgas		Dassen		Robben		Dassen		Dassen

				1978		33.764				68.357

				1979

				1980		36.891

				1981		38.469

				1982		39.149

				1983		25.928

				1984		38.003						4.610

				1985		36.451				11.384

				1986		50.056

				1987		54.985						3.314

				1988		52.449				72.380		4.414		0.37

				1989		63.987				5.186		2.691		0.43

				1990		38.705				9.430		1.836		0.33

				1991		55.549				57.332		1.405		0.46

				1992		52.930				54.092		4.729		0.34

				1993		42.782				1.667		3.431		0.47

				1994		57.748				10.981		4.105		0.37		0.77		0.79		12.36		1.40

				1995		59.669				15.488		4.488		0.55		0.74		0.83		12.37		1.77

				1996		67.202				14.672		4.508		0.19		0.80		0.82		12.95		4.94

				1997		61.491		13.347		13.873		2.294		0.44		0.76		0.82		16.20		3.37

				1998		60.987				4.197		2.672		0.82		0.80		0.95		21.53		8.32

				1999				20.082		19.816		4.062		0.62		0.82		1.00		25.17		8.40

				2000		59.689		22.449		9.122		4.905		0.41		0.72		0.66		26.18		6.72

				2001		58.205		26.469		24.631		4.127		0.35		0.82		0.86		25.77		8.31

				2002				26.528		7.690		6.883		0.43		0.64		0.79		25.18		5.68

				2003		41.599		20.585		14.245		5.640		0.42		0.55		0.85		16.64		3.92

				2004				21.897		6.702		6.163		0.42		0.53		0.68		17.39		5.01

				2005		36.156		18.221		21.076		6.801		0.02		0.49		0.66		11.38		2.19

				2006		33.441		11.235		8.179		3.419		0.03		0.51		0.47		7.73		1.72

				2007		39.855		10.675		10.061		3.544		0.35		0.43		0.68		2.16		0.62

				2008		44.813		8.914		7.114		8.066		0.11		0.77		0.64		0.42		0.08

				2009		38.965		5.304		15.600		10.612		0.14		0.58		0.63		0.34		0.12

				2010				4.492		16.398		14.463		0.34		0.82		0.51

				2011		38.431		3.489		13.388		13.747		0.58		0.61		0.46

				2012		29.159		3.236		10.336		7.875		0.41

				2013		22.236		3.095		2.455		8.015		0.03

				2014		23.967		2.108		10.187		9.874		0.00

				2015		28.697		2.012		8.278		11.329		0.72
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pcs

		year_x		pc1_saranc_sepmar		pc2_saranc_sepmar				sardine and anchovy in caga diet

		1977

		1978		-5.421845		-0.44				Component		Eigenvalue		Proportion		Cumulative

		1979		-4.245456		-1.08				1		12.0437		0.4301		0.4301

		1980		-5.302576		0.32				2		3.9653		0.1416		0.5718

		1981		-6.594982		0.94				3		2.0173		0.0720		0.6438

		1982		-6.299792		-0.22

		1983		-4.742522		-0.28						Eigenvectors

		1984		-1.480468		-2.19				Variables		1		2

		1985		0.1146508		-0.95				Sardine, Lamberts Bay September		0.1904		0.0882

		1986		-4.463216		4.29				Sardine, Lamberts Bay October		0.2214		0.1130

		1987		-1.873854		2.49				Sardine, Lamberts Bay November		0.2017		-0.0859

		1988		-1.19646		3.35				Sardine, Lamberts Bay December		0.2139		-0.0780

		1989		5.476567		0.81				Sardine, Lamberts Bay January		0.2232		0.1283

		1990		4.06102		0.23				Sardine, Lamberts Bay February		0.1994		0.1596

		1991		-1.71271		3.66				Sardine, Lamberts Bay March		0.1627		0.2084

		1992		-0.9558753		2.03				Sardine, Malgas Island September		0.1279		0.3145

		1993		2.714048		0.57				Sardine, Malgas Island October		0.2371		0.0494

		1994		6.621481		1.34				Sardine, Malgas Island November		0.2286		0.1575

		1995		3.998327		1.53				Sardine, Malgas Island December		0.2355		0.1079

		1996		6.139474		1.76				Sardine, Malgas Island January		0.1974		0.2470

		1997		3.070041		1.03				Sardine, Malgas Island February		0.1675		0.3211

		1998		4.312734		1.37				Sardine, Malgas Island March		0.0575		0.3972

		1999		2.060059		0.35				Anchovy, Lamberts Bay September		-0.1359		0.0754

		2000		1.170609		1.02				Anchovy, Lamberts Bay October		-0.1947		0.0329

		2001		-2.111403		2.51				Anchovy, Lamberts Bay November		-0.1668		0.2622

		2002		-0.0007038		2.00				Anchovy, Lamberts Bay December		-0.1907		0.2915

		2003		1.863799		-0.59				Anchovy, Lamberts Bay January		-0.2135		0.1733

		2004		-0.5531946		-2.55				Anchovy, Lamberts Bay February		-0.1840		0.1098

		2005		-0.9109491		-3.38				Anchovy, Lamberts Bay March		-0.1614		-0.0094

		2006		-1.116667		-2.90				Anchovy, Malgas Island September		-0.1816		0.0288

		2007		-1.243081		-2.82				Anchovy, Malgas Island October		-0.2308		0.1453

		2008		-1.100948		-0.72				Anchovy, Malgas Island November		-0.2376		0.1311

		2009		1.837875		-2.53				Anchovy, Malgas Island December		-0.1715		0.2458

		2010		3.322225		-1.42				Anchovy, Malgas Island January		-0.1678		0.2468

		2011		3.27664		-2.36				Anchovy, Malgas Island February		-0.1832		0.0305

		2012		2.735947		-1.23				Anchovy, Malgas Island March		0.0424		-0.2388

		2013		-0.5527528		-1.80

		2014		-1.46386		-1.75

		2015		0.5678172		-2.38
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pc2

		year_x		pc2_saranc		Sardine		Anchovy		Sardine &		Hakes		Saury		Hakes &

				_sepmar						Anchovy						Saury

		1978		-5.42		9.50		56.05		65.55		8.35		19.25		27.60

		1979		-4.25		9.10		43.30		52.40		3.60		23.80		27.40

		1980		-5.30		7.80		56.65		64.45		7.35		17.20		24.55																r2		0.825

		1981		-6.59		2.95		63.35		66.30		7.30		13.70		21.00																r		0.908

		1982		-6.30		2.65		59.05		61.70		12.35		19.30		31.65																n		38

		1983		-4.74		5.60		49.80		55.40		18.40		12.85		31.25																df		36

		1984		-1.48		14.65		22.35		37.00		17.50		32.65		50.15																P		< 0.001

		1985		0.11		32.35		25.20		57.55		16.55		18.75		35.30

		1986		-4.46		28.70		61.50		90.20		1.75		5.85		7.60

		1987		-1.87		32.35		41.55		73.90		4.20		17.15		21.35

		1988		-1.20		37.75		44.85		82.60		3.10		12.00		15.10

		1989		5.48		67.20		4.50		71.70		6.65		8.65		15.30

		1990		4.06		57.50		8.40		65.90		7.90		10.80		18.70

		1991		-1.71		38.55		44.65		83.20		5.85		5.05		10.90

		1992		-0.96		38.75		39.80		78.55		7.70		6.15		13.85

		1993		2.71		49.55		13.75		63.30		6.85		19.80		26.65

		1994		6.62		79.50		4.65		84.15		5.40		4.30		9.70

		1995		4.00		61.40		13.80		75.20		7.00		8.70		15.70																r2		0.811

		1996		6.14		73.70		1.80		75.50		7.75		7.10		14.85																r		0.901

		1997		3.07		53.10		12.35		65.45		7.60		10.10		17.70																n		38

		1998		4.31		65.00		15.60		80.60		8.90		6.05		14.95																df		36

		1999		2.06		47.15		21.35		68.50		12.00		11.55		23.55																P		< 0.001

		2000		1.17		44.05		24.50		68.55		6.45		16.05		22.50

		2001		-2.11		31.90		46.25		78.15		3.90		12.90		16.80

		2002		-0.00		37.60		29.75		67.35		7.30		18.70		26.00

		2003		1.86		41.75		15.45		57.20		6.85		30.60		37.45

		2004		-0.55		15.80		13.30		29.10		14.45		44.65		59.10

		2005		-0.91		9.10		10.50		19.60		20.85		35.40		56.25

		2006		-1.12		12.20		25.35		37.55		13.55		27.70		41.25

		2007		-1.24		13.35		25.70		39.05		18.85		32.10		50.95

		2008		-1.10		23.60		31.05		54.65		9.80		28.75		38.55

		2009		1.84		40.15		21.40		61.55		9.20		22.50		31.70

		2010		3.32		45.50		4.15		49.65		5.55		13.70		19.25

		2011		3.28		51.70		18.80		70.50		4.50		11.45		15.95

		2012		2.74		47.20		16.05		63.25		7.70		19.65		27.35

		2013		-0.55		22.80		19.45		42.25		6.25		39.85		46.10

		2014		-1.46		12.75		24.45		37.20		4.10		43.50		47.60

		2015		0.57		28.95		19.35		48.30		4.95		41.45		46.40
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Figs

		year_x		pc2_saranc		Hakes		Saury		Hakes &		Sardine		Anchovy		Sardine &		Sar & Anc																								Sar & Anc		pc2_saranc

				_sepmar						Saury						Anchovy		biomass																								biomass		_sepmar

																		w C Agulh																								w C Agulh

		1978		-0.44		8.35		19.25		27.6		9.5		56.05		65.55																		r2		0.293				1984		0.05		-2.19

		1979		-1.08		3.6		23.8		27.4		9.1		43.3		52.4																		r		0.542				1985		0.03		-0.95																r2		0.091

		1980		0.32		7.35		17.2		24.55		7.8		56.65		64.45																		n		38				1986		0.24		4.29																r		0.302

		1981		0.94		7.3		13.7		21		2.95		63.35		66.3																		df		36				1987		0.09		2.49																n		30

		1982		-0.22		12.35		19.3		31.65		2.65		59.05		61.7																		P		< 0.001				1988		0.13		3.35																df		34

		1983		-0.28		18.4		12.85		31.25		5.6		49.8		55.4																								1989		0.20		0.81																P		ns

		1984		-2.19		17.5		32.65		50.15		14.65		22.35		37		0.05																						1990		0.25		0.23

		1985		-0.95		16.55		18.75		35.3		32.35		25.2		57.55		0.03																						1991		0.52		3.66

		1986		4.29		1.75		5.85		7.6		28.7		61.5		90.2		0.24																						1992		0.25		2.03

		1987		2.49		4.2		17.15		21.35		32.35		41.55		73.9		0.09																						1993		0.48		0.57

		1988		3.35		3.1		12		15.1		37.75		44.85		82.6		0.13																						1994		0.39		1.34

		1989		0.81		6.65		8.65		15.3		67.2		4.5		71.7		0.20																						1995		0.36		1.53

		1990		0.23		7.9		10.8		18.7		57.5		8.4		65.9		0.25																						1996		0.26		1.76

		1991		3.66		5.85		5.05		10.9		38.55		44.65		83.2		0.52																						1997		0.96		1.03

		1992		2.03		7.7		6.15		13.85		38.75		39.8		78.55		0.25																						1998		1.08		1.37

		1993		0.57		6.85		19.8		26.65		49.55		13.75		63.3		0.48																r2		0.553				1999		0.71		0.35																r2		0.139

		1994		1.34		5.4		4.3		9.7		79.5		4.65		84.15		0.39																r		0.744				2000		0.73		1.02																r		0.373

		1995		1.53		7		8.7		15.7		61.4		13.8		75.2		0.36																n		38				2001		0.67		2.51																n		13

		1996		1.76		7.75		7.1		14.85		73.7		1.8		75.5		0.26																df		36				2002		1.18		2.00																df		11

		1997		1.03		7.6		10.1		17.7		53.1		12.35		65.45		0.96																P		< 0.001				2003		1.34		-0.59																P		ns

		1998		1.37		8.9		6.05		14.95		65		15.6		80.6		1.08																						2004		0.29		-2.55

		1999		0.35		12		11.55		23.55		47.15		21.35		68.5		0.71																						2005		0.08		-3.38

		2000		1.02		6.45		16.05		22.5		44.05		24.5		68.55		0.73																						2006		0.18		-2.90

		2001		2.51		3.9		12.9		16.8		31.9		46.25		78.15		0.67																						2007		0.06		-2.82

		2002		2.00		7.3		18.7		26		37.6		29.75		67.35		1.18																						2008		0.21		-0.72

		2003		-0.59		6.85		30.6		37.45		41.75		15.45		57.2		1.34																						2009		0.26		-2.53

		2004		-2.55		14.45		44.65		59.1		15.8		13.3		29.1		0.29																						2010		0.31		-1.42

		2005		-3.38		20.85		35.4		56.25		9.1		10.5		19.6		0.08																						2011		0.18		-2.36

		2006		-2.90		13.55		27.7		41.25		12.2		25.35		37.55		0.18																						2012		0.19		-1.23

		2007		-2.82		18.85		32.1		50.95		13.35		25.7		39.05		0.06																						2013		0.65		-1.80																r2		0.591

		2008		-0.72		9.8		28.75		38.55		23.6		31.05		54.65		0.21																r2		0.647				2014		0.20		-1.75																r		0.769

		2009		-2.53		9.2		22.5		31.7		40.15		21.4		61.55		0.26																r		0.805				2015		0.10		-2.38																n		19

		2010		-1.42		5.55		13.7		19.25		45.5		4.15		49.65		0.31																n		38																								df		17

		2011		-2.36		4.5		11.45		15.95		51.7		18.8		70.5		0.18																df		36																								P		< 0.001

		2012		-1.23		7.7		19.65		27.35		47.2		16.05		63.25		0.19																P		< 0.001

		2013		-1.80		6.25		39.85		46.1		22.8		19.45		42.25		0.65

		2014		-1.75		4.1		43.5		47.6		12.75		24.45		37.2		0.20

		2015		-2.38		4.95		41.45		46.4		28.95		19.35		48.3		0.10

																																																												r2		0.127

																																		r2		0.755																								r		0.356

																																		r		0.869																								n		12

																																		n		38																								df		10

																																		df		36																								P		ns

																																		P		< 0.001

																																																												r2		0.495

																																																												r		0.703

																																																												n		17

																																																												df		15

																																																												P		< 0.02





Figs

		



PC2

Hakes in diet (% mass)



Table S1

		



Hakes

PC2

Saury in diet (% mass)



		



Hakes & saury

PC2

Saury & hakes in diet (% mass)



		



Hakes & saury

PC2

Sardine & anchovy in diet (% mass)



		



Biomass (million t)

PC2

1984-2015



		



Biomass (million t)

PC2

1984-1996



		



Biomass (million t)

PC2

1997-2015



		



Biomass (million t)

PC2

2004-2015



		



Biomass (million t)

PC2

2000-2015



		



Biomass

PC2

Biomass (million t)

PC2



		

				Lamberts Bay										Malgas Island										Lambert's Bay and Malgas Island

		Year		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total

		1978		13.4		67.9		5.3		5.9		92.5		5.6		44.2		11.4		32.6		93.8		9.5		56.1		8.4		19.3		93.2

		1979		8.4		45.6		0.3		12.9		67.2		9.8		41.0		6.9		34.7		92.4		9.1		43.3		3.6		23.8		79.8

		1980		3.3		78.3		0.0		5.6		87.2		12.3		35.0		14.7		28.8		90.8		7.8		56.7		7.4		17.2		89.0

		1981		1.3		79.1		4.0		2.2		86.6		4.6		47.6		10.6		25.2		88.0		3.0		63.4		7.3		13.7		87.3

		1982		4.4		74.3		1.2		11.8		91.7		0.9		43.8		23.5		26.8		95.0		2.7		59.1		12.4		19.3		93.4

		1983		5.0		70.2		0.1		4.0		79.3		6.2		29.4		36.7		21.7		94.0		5.6		49.8		18.4		12.9		86.7

		1984		19.9		15.9		11.6		34.6		82.0		9.4		28.8		23.4		30.7		92.3		14.7		22.4		17.5		32.7		87.2

		1985		34.8		31.9		10.2		12.9		89.8		29.9		18.5		22.9		24.6		95.9		32.4		25.2		16.6		18.8		92.9

		1986		20.9		72.7		0.2		3.4		97.2		36.5		50.3		3.3		8.3		98.4		28.7		61.5		1.8		5.9		97.8

		1987		37.1		44.2		0.3		11.3		92.9		27.6		38.9		8.1		23.0		97.6		32.4		41.6		4.2		17.2		95.3

		1988		20.0		69.7		0.0		6.8		96.5		55.5		20.0		6.2		17.2		98.9		37.8		44.9		3.1		12.0		97.7

		1989		68.7		1.8		1.9		6.4		78.8		65.7		7.2		11.4		10.9		95.2		67.2		4.5		6.7		8.7		87.0

		1990		49.0		13.5		2.2		8.8		73.5		66.0		3.3		13.6		12.8		95.7		57.5		8.4		7.9		10.8		84.6

		1991		29.6		53.6		2.6		4.1		89.9		47.5		35.7		9.1		6.0		98.3		38.6		44.7		5.9		5.1		94.1

		1992		26.4		51.9		1.6		7.6		87.5		51.1		27.7		13.8		4.7		97.3		38.8		39.8		7.7		6.2		92.4

		1993		46.1		22.2		0.7		17.1		86.1		53.0		5.3		13.0		22.5		93.8		49.6		13.8		6.9		19.8		90.0

		1994		88.5		3.7		0.6		1.4		94.2		70.5		5.6		10.2		7.2		93.5		79.5		4.7		5.4		4.3		93.9

		1995		59.1		25.0		0.0		1.7		85.8		63.7		2.6		14.0		15.7		96.0		61.4		13.8		7.0		8.7		90.9

		1996		73.6		3.4		5.1		1.3		83.4		73.8		0.2		10.4		12.9		97.3		73.7		1.8		7.8		7.1		90.4

		1997		38.8		20.7		1.9		10.5		71.9		67.4		4.0		13.3		9.7		94.4		53.1		12.4		7.6		10.1		83.2

		1998		62.5		26.4		1.0		2.5		92.4		67.5		4.8		16.8		9.6		98.7		65.0		15.6		8.9		6.1		95.6

		1999		35.8		37.5		5.8		6.7		85.8		58.5		5.2		18.2		16.4		98.3		47.2		21.4		12.0		11.6		92.1

		2000		36.4		36.3		0.4		15.1		88.2		51.7		12.7		12.5		17.0		93.9		44.1		24.5		6.5		16.1		91.1

		2001		19.5		52.4		0.0		18.7		90.6		44.3		40.1		7.8		7.1		99.3		31.9		46.3		3.9		12.9		95.0

		2002		15.3		45.1		1.6		25.3		87.3		59.9		14.4		13.0		12.1		99.4		37.6		29.8		7.3		18.7		93.4

		2003		52.9		12.9		0.8		25.5		92.1		30.6		18.0		12.9		35.7		97.2		41.8		15.5		6.9		30.6		94.7

		2004		17.4		19.9		3.3		45.9		86.5		14.2		6.7		25.6		43.4		89.9		15.8		13.3		14.5		44.7		88.2

		2005		11.9		15.6		12.9		27.6		68.0		6.3		5.4		28.8		43.2		83.7		9.1		10.5		20.9		35.4		75.9

		2006		12.6		31.1		3.9		21.6		69.2		11.8		19.6		23.2		33.8		88.4		12.2		25.4		13.6		27.7		78.8

		2007		12.3		32.4		4.7		34.0		83.4		14.4		19.0		33.0		30.2		96.6		13.4		25.7		18.9		32.1		90.0

		2008		17.1		51.7		0.0		20.2		89.0		30.1		10.4		19.6		37.3		97.4		23.6		31.1		9.8		28.8		93.2

		2009		44.2		23.3		0.8		20.3		88.6		36.1		19.5		17.6		24.7		97.9		40.2		21.4		9.2		22.5		93.3

		2010		48.1		2.9		0.8		9.1		60.9		42.9		5.4		10.3		18.3		76.9		45.5		4.2		5.6		13.7		68.9

		2011		61.8		18.4		0.7		8.9		89.8		41.6		19.2		8.3		14.0		83.1		51.7		18.8		4.5		11.5		86.5

		2012		47.9		21.4		3.9		17.5		90.7		46.5		10.7		11.5		21.8		90.5		47.2		16.1		7.7		19.7		90.6

		2013		19.9		25.7		2.7		36.0		84.3		25.7		13.2		9.8		43.7		92.4		22.8		19.5		6.3		39.9		88.4

		2014		14.3		37.9		2.4		31.8		86.4		11.2		11.0		5.8		55.2		83.2		12.8		24.5		4.1		43.5		84.8

		2015		34.7		31.5		0.3		27.4		93.9		23.2		7.2		9.6		55.5		95.5		29.0		19.4		5.0		41.5		94.7

		Average		31.9		36.0		2.5		14.9		85.3		36.1		19.3		14.8		23.5		93.7		34.0		27.6		8.6		19.2		89.5

		Correlation		Sardine		Anchovy

				LB v Mal		LB v Mal

		r		0.772		0.774

		n		37		37

		df		35		35

		P		< 0.001		< 0.001
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				Availability		Cape		African		African		Cape		Cape		Cape		African penguin				African penguin

				index		gannet		penguin		penguin		cormorant		gannet		gannet		adult survival				moulters Dassen

						nw C Point		nw C Point		nw C Point		nw C Point		Malgas Is		Lambert's Bay		Dassen		Robben		adult		immature

						000 pairs		000 pairs		less potential		000 pairs		chicks/pair		chicks/pair						000s (Robinson)

		1978		-0.438		33.764						68.357

		1979		-1.082				18.334

		1980		0.320		36.891

		1981		0.938		38.469

		1982		-0.224		39.149

		1983		-0.275		25.928

		1984		-2.191		38.003

		1985		-0.948		36.451						11.384

		1986		4.290		50.056

		1987		2.485		54.985		7.127

		1988		3.345		52.449						72.380		0.370

		1989		0.812		63.987						5.186		0.430

		1990		0.233		38.705						9.430		0.333

		1991		3.655		55.549		12.238				57.332		0.457		0.542

		1992		2.032		52.930		11.037				54.092		0.341		0.688

		1993		0.571		42.782		10.339				1.667		0.466		0.537

		1994		1.340		57.748		14.006				10.981		0.369		0.982		0.769		0.785		12.360		1.398

		1995		1.532		59.669		13.427				15.488		0.548		0.478		0.741		0.830		12.373		1.767

		1996		1.760		67.202		13.826				14.672		0.192		0.149		0.802		0.824		12.950		4.940

		1997		1.026		61.491		13.434		13.347		13.873		0.438		0.724		0.763		0.824		16.195		3.374

		1998		1.373		60.987		15.714				4.197		0.819		0.670		0.803		0.946		21.531		8.324

		1999		0.351				20.840		20.082		19.816		0.620		0.543		0.824		0.998		25.174		8.399

		2000		1.021		59.689		24.029		22.449		9.122		0.408		0.500		0.723		0.657		26.175		6.720

		2001		2.506		58.205		30.002		26.469		24.631		0.354				0.820		0.859		25.767		8.305

		2002		1.998				31.490		26.528		7.690		0.430		0.451		0.644		0.792		25.177		5.680

		2003		-0.588		41.599		27.631		20.585		14.245		0.416		0.583		0.545		0.854		16.642		3.915

		2004		-2.547				34.287		21.897		6.702		0.418		0.630		0.531		0.684		17.385		5.006

		2005		-3.380		36.156		31.293		18.221		21.076		0.020		0.000		0.485		0.659		11.377		2.186

		2006		-2.896		33.441		20.026		11.235		8.179		0.031				0.508		0.469		7.729		1.719

		2007		-2.824		39.855		18.461		10.675		10.061		0.347		0.583		0.430		0.675		2.160		0.618

		2008		-0.722		44.813		11.186		8.914		7.114		0.109		0.450		0.768		0.640		0.420		0.076

		2009		-2.528		38.965		8.390		5.304		15.600		0.141		0.394		0.582		0.625		0.340		0.124

		2010		-1.423				8.054		4.492		16.398		0.338		0.800		0.818		0.511

		2011		-2.363		38.431		6.327		3.489		13.388		0.576		0.607		0.606		0.464

		2012		-1.234		29.159		4.865		3.236		10.336		0.410		0.960

		2013		-1.796		22.236		4.444		3.095		2.455		0.034		0.725

		2014		-1.746		23.967		3.352		2.108		10.187		0.000		0.200

		2015		-2.384		28.697		3.661		2.012		8.278		0.716		0.689

								4-y lag

		r				0.705		0.533		0.600		0.442		0.349		0.114		0.769		0.702		0.628		0.559

		n				33		26		18		30		28		23		18		18		16		16

		df				31		24		16		28		26		21		16		16		14		14

		P				< 0.001		< 0.01		< 0.005		< 0.02		< 0.10		ns		< 0.001		< 0.002		< 0.01		< 0.05
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				Year		Numbers breeding in northwest South Africa								Breeding success		Adult survival				Numbers moulting

																				Adults		Immatures

						Cape gannet		African penguin		Cape cormorant		Greater crested tern		Cape gannet		African penguin				African penguin

						thousand pairs								chicks/pair		per year				thousands

				Colonies		All		All		Main		All		Malgas		Dassen		Robben		Dassen		Dassen

				1978		33.764				68.357

				1979

				1980		36.891

				1981		38.469

				1982		39.149

				1983		25.928

				1984		38.003						4.610

				1985		36.451				11.384

				1986		50.056

				1987		54.985						3.314

				1988		52.449				72.380		4.414		0.37

				1989		63.987				5.186		2.691		0.43

				1990		38.705				9.430		1.836		0.33

				1991		55.549				57.332		1.405		0.46

				1992		52.930				54.092		4.729		0.34

				1993		42.782				1.667		3.431		0.47

				1994		57.748				10.981		4.105		0.37		0.77		0.79		12.36		1.40

				1995		59.669				15.488		4.488		0.55		0.74		0.83		12.37		1.77

				1996		67.202				14.672		4.508		0.19		0.80		0.82		12.95		4.94

				1997		61.491		13.347		13.873		2.294		0.44		0.76		0.82		16.20		3.37

				1998		60.987				4.197		2.672		0.82		0.80		0.95		21.53		8.32

				1999				20.082		19.816		4.062		0.62		0.82		1.00		25.17		8.40

				2000		59.689		22.449		9.122		4.905		0.41		0.72		0.66		26.18		6.72

				2001		58.205		26.469		24.631		4.127		0.35		0.82		0.86		25.77		8.31

				2002				26.528		7.690		6.883		0.43		0.64		0.79		25.18		5.68

				2003		41.599		20.585		14.245		5.640		0.42		0.55		0.85		16.64		3.92

				2004				21.897		6.702		6.163		0.42		0.53		0.68		17.39		5.01

				2005		36.156		18.221		21.076		6.801		0.02		0.49		0.66		11.38		2.19

				2006		33.441		11.235		8.179		3.419		0.03		0.51		0.47		7.73		1.72

				2007		39.855		10.675		10.061		3.544		0.35		0.43		0.68		2.16		0.62

				2008		44.813		8.914		7.114		8.066		0.11		0.77		0.64		0.42		0.08

				2009		38.965		5.304		15.600		10.612		0.14		0.58		0.63		0.34		0.12

				2010				4.492		16.398		14.463		0.34		0.82		0.51

				2011		38.431		3.489		13.388		13.747		0.58		0.61		0.46

				2012		29.159		3.236		10.336		7.875		0.41

				2013		22.236		3.095		2.455		8.015		0.03

				2014		23.967		2.108		10.187		9.874		0.00

				2015		28.697		2.012		8.278		11.329		0.72
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pcs

		year_x		pc1_saranc_sepmar		pc2_saranc_sepmar				sardine and anchovy in caga diet

		1977

		1978		-5.421845		-0.44				Component		Eigenvalue		Proportion		Cumulative

		1979		-4.245456		-1.08				1		12.0437		0.4301		0.4301

		1980		-5.302576		0.32				2		3.9653		0.1416		0.5718

		1981		-6.594982		0.94				3		2.0173		0.0720		0.6438

		1982		-6.299792		-0.22

		1983		-4.742522		-0.28						Eigenvectors

		1984		-1.480468		-2.19				Variables		1		2

		1985		0.1146508		-0.95				Sardine, Lamberts Bay September		0.1904		0.0882

		1986		-4.463216		4.29				Sardine, Lamberts Bay October		0.2214		0.1130

		1987		-1.873854		2.49				Sardine, Lamberts Bay November		0.2017		-0.0859

		1988		-1.19646		3.35				Sardine, Lamberts Bay December		0.2139		-0.0780

		1989		5.476567		0.81				Sardine, Lamberts Bay January		0.2232		0.1283

		1990		4.06102		0.23				Sardine, Lamberts Bay February		0.1994		0.1596

		1991		-1.71271		3.66				Sardine, Lamberts Bay March		0.1627		0.2084

		1992		-0.9558753		2.03				Sardine, Malgas Island September		0.1279		0.3145

		1993		2.714048		0.57				Sardine, Malgas Island October		0.2371		0.0494

		1994		6.621481		1.34				Sardine, Malgas Island November		0.2286		0.1575

		1995		3.998327		1.53				Sardine, Malgas Island December		0.2355		0.1079

		1996		6.139474		1.76				Sardine, Malgas Island January		0.1974		0.2470

		1997		3.070041		1.03				Sardine, Malgas Island February		0.1675		0.3211

		1998		4.312734		1.37				Sardine, Malgas Island March		0.0575		0.3972

		1999		2.060059		0.35				Anchovy, Lamberts Bay September		-0.1359		0.0754

		2000		1.170609		1.02				Anchovy, Lamberts Bay October		-0.1947		0.0329

		2001		-2.111403		2.51				Anchovy, Lamberts Bay November		-0.1668		0.2622

		2002		-0.0007038		2.00				Anchovy, Lamberts Bay December		-0.1907		0.2915

		2003		1.863799		-0.59				Anchovy, Lamberts Bay January		-0.2135		0.1733

		2004		-0.5531946		-2.55				Anchovy, Lamberts Bay February		-0.1840		0.1098

		2005		-0.9109491		-3.38				Anchovy, Lamberts Bay March		-0.1614		-0.0094

		2006		-1.116667		-2.90				Anchovy, Malgas Island September		-0.1816		0.0288

		2007		-1.243081		-2.82				Anchovy, Malgas Island October		-0.2308		0.1453

		2008		-1.100948		-0.72				Anchovy, Malgas Island November		-0.2376		0.1311

		2009		1.837875		-2.53				Anchovy, Malgas Island December		-0.1715		0.2458

		2010		3.322225		-1.42				Anchovy, Malgas Island January		-0.1678		0.2468

		2011		3.27664		-2.36				Anchovy, Malgas Island February		-0.1832		0.0305

		2012		2.735947		-1.23				Anchovy, Malgas Island March		0.0424		-0.2388

		2013		-0.5527528		-1.80

		2014		-1.46386		-1.75

		2015		0.5678172		-2.38





pcs
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pc2

		year_x		pc2_saranc		Sardine		Anchovy		Sardine &		Hakes		Saury		Hakes &

				_sepmar						Anchovy						Saury

		1978		-5.42		9.50		56.05		65.55		8.35		19.25		27.60

		1979		-4.25		9.10		43.30		52.40		3.60		23.80		27.40

		1980		-5.30		7.80		56.65		64.45		7.35		17.20		24.55																r2		0.825

		1981		-6.59		2.95		63.35		66.30		7.30		13.70		21.00																r		0.908

		1982		-6.30		2.65		59.05		61.70		12.35		19.30		31.65																n		38

		1983		-4.74		5.60		49.80		55.40		18.40		12.85		31.25																df		36

		1984		-1.48		14.65		22.35		37.00		17.50		32.65		50.15																P		< 0.001

		1985		0.11		32.35		25.20		57.55		16.55		18.75		35.30

		1986		-4.46		28.70		61.50		90.20		1.75		5.85		7.60

		1987		-1.87		32.35		41.55		73.90		4.20		17.15		21.35

		1988		-1.20		37.75		44.85		82.60		3.10		12.00		15.10

		1989		5.48		67.20		4.50		71.70		6.65		8.65		15.30

		1990		4.06		57.50		8.40		65.90		7.90		10.80		18.70

		1991		-1.71		38.55		44.65		83.20		5.85		5.05		10.90

		1992		-0.96		38.75		39.80		78.55		7.70		6.15		13.85

		1993		2.71		49.55		13.75		63.30		6.85		19.80		26.65

		1994		6.62		79.50		4.65		84.15		5.40		4.30		9.70

		1995		4.00		61.40		13.80		75.20		7.00		8.70		15.70																r2		0.811

		1996		6.14		73.70		1.80		75.50		7.75		7.10		14.85																r		0.901

		1997		3.07		53.10		12.35		65.45		7.60		10.10		17.70																n		38

		1998		4.31		65.00		15.60		80.60		8.90		6.05		14.95																df		36

		1999		2.06		47.15		21.35		68.50		12.00		11.55		23.55																P		< 0.001

		2000		1.17		44.05		24.50		68.55		6.45		16.05		22.50

		2001		-2.11		31.90		46.25		78.15		3.90		12.90		16.80

		2002		-0.00		37.60		29.75		67.35		7.30		18.70		26.00

		2003		1.86		41.75		15.45		57.20		6.85		30.60		37.45

		2004		-0.55		15.80		13.30		29.10		14.45		44.65		59.10

		2005		-0.91		9.10		10.50		19.60		20.85		35.40		56.25

		2006		-1.12		12.20		25.35		37.55		13.55		27.70		41.25

		2007		-1.24		13.35		25.70		39.05		18.85		32.10		50.95

		2008		-1.10		23.60		31.05		54.65		9.80		28.75		38.55

		2009		1.84		40.15		21.40		61.55		9.20		22.50		31.70

		2010		3.32		45.50		4.15		49.65		5.55		13.70		19.25

		2011		3.28		51.70		18.80		70.50		4.50		11.45		15.95

		2012		2.74		47.20		16.05		63.25		7.70		19.65		27.35

		2013		-0.55		22.80		19.45		42.25		6.25		39.85		46.10

		2014		-1.46		12.75		24.45		37.20		4.10		43.50		47.60

		2015		0.57		28.95		19.35		48.30		4.95		41.45		46.40
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Figs

		year_x		pc2_saranc		Hakes		Saury		Hakes &		Sardine		Anchovy		Sardine &		Sar & Anc																								Sar & Anc		pc2_saranc

				_sepmar						Saury						Anchovy		biomass																								biomass		_sepmar

																		w C Agulh																								w C Agulh

		1978		-0.44		8.35		19.25		27.6		9.5		56.05		65.55																		r2		0.293				1984		0.05		-2.19

		1979		-1.08		3.6		23.8		27.4		9.1		43.3		52.4																		r		0.542				1985		0.03		-0.95																r2		0.091

		1980		0.32		7.35		17.2		24.55		7.8		56.65		64.45																		n		38				1986		0.24		4.29																r		0.302

		1981		0.94		7.3		13.7		21		2.95		63.35		66.3																		df		36				1987		0.09		2.49																n		30

		1982		-0.22		12.35		19.3		31.65		2.65		59.05		61.7																		P		< 0.001				1988		0.13		3.35																df		34

		1983		-0.28		18.4		12.85		31.25		5.6		49.8		55.4																								1989		0.20		0.81																P		ns

		1984		-2.19		17.5		32.65		50.15		14.65		22.35		37		0.05																						1990		0.25		0.23

		1985		-0.95		16.55		18.75		35.3		32.35		25.2		57.55		0.03																						1991		0.52		3.66

		1986		4.29		1.75		5.85		7.6		28.7		61.5		90.2		0.24																						1992		0.25		2.03

		1987		2.49		4.2		17.15		21.35		32.35		41.55		73.9		0.09																						1993		0.48		0.57

		1988		3.35		3.1		12		15.1		37.75		44.85		82.6		0.13																						1994		0.39		1.34

		1989		0.81		6.65		8.65		15.3		67.2		4.5		71.7		0.20																						1995		0.36		1.53

		1990		0.23		7.9		10.8		18.7		57.5		8.4		65.9		0.25																						1996		0.26		1.76

		1991		3.66		5.85		5.05		10.9		38.55		44.65		83.2		0.52																						1997		0.96		1.03

		1992		2.03		7.7		6.15		13.85		38.75		39.8		78.55		0.25																						1998		1.08		1.37

		1993		0.57		6.85		19.8		26.65		49.55		13.75		63.3		0.48																r2		0.553				1999		0.71		0.35																r2		0.139

		1994		1.34		5.4		4.3		9.7		79.5		4.65		84.15		0.39																r		0.744				2000		0.73		1.02																r		0.373

		1995		1.53		7		8.7		15.7		61.4		13.8		75.2		0.36																n		38				2001		0.67		2.51																n		13

		1996		1.76		7.75		7.1		14.85		73.7		1.8		75.5		0.26																df		36				2002		1.18		2.00																df		11

		1997		1.03		7.6		10.1		17.7		53.1		12.35		65.45		0.96																P		< 0.001				2003		1.34		-0.59																P		ns

		1998		1.37		8.9		6.05		14.95		65		15.6		80.6		1.08																						2004		0.29		-2.55

		1999		0.35		12		11.55		23.55		47.15		21.35		68.5		0.71																						2005		0.08		-3.38

		2000		1.02		6.45		16.05		22.5		44.05		24.5		68.55		0.73																						2006		0.18		-2.90

		2001		2.51		3.9		12.9		16.8		31.9		46.25		78.15		0.67																						2007		0.06		-2.82

		2002		2.00		7.3		18.7		26		37.6		29.75		67.35		1.18																						2008		0.21		-0.72

		2003		-0.59		6.85		30.6		37.45		41.75		15.45		57.2		1.34																						2009		0.26		-2.53

		2004		-2.55		14.45		44.65		59.1		15.8		13.3		29.1		0.29																						2010		0.31		-1.42

		2005		-3.38		20.85		35.4		56.25		9.1		10.5		19.6		0.08																						2011		0.18		-2.36

		2006		-2.90		13.55		27.7		41.25		12.2		25.35		37.55		0.18																						2012		0.19		-1.23

		2007		-2.82		18.85		32.1		50.95		13.35		25.7		39.05		0.06																						2013		0.65		-1.80																r2		0.591

		2008		-0.72		9.8		28.75		38.55		23.6		31.05		54.65		0.21																r2		0.647				2014		0.20		-1.75																r		0.769

		2009		-2.53		9.2		22.5		31.7		40.15		21.4		61.55		0.26																r		0.805				2015		0.10		-2.38																n		19

		2010		-1.42		5.55		13.7		19.25		45.5		4.15		49.65		0.31																n		38																								df		17

		2011		-2.36		4.5		11.45		15.95		51.7		18.8		70.5		0.18																df		36																								P		< 0.001

		2012		-1.23		7.7		19.65		27.35		47.2		16.05		63.25		0.19																P		< 0.001

		2013		-1.80		6.25		39.85		46.1		22.8		19.45		42.25		0.65

		2014		-1.75		4.1		43.5		47.6		12.75		24.45		37.2		0.20

		2015		-2.38		4.95		41.45		46.4		28.95		19.35		48.3		0.10

																																																												r2		0.127

																																		r2		0.755																								r		0.356

																																		r		0.869																								n		12

																																		n		38																								df		10

																																		df		36																								P		ns

																																		P		< 0.001

																																																												r2		0.495

																																																												r		0.703

																																																												n		17

																																																												df		15

																																																												P		< 0.02
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				Lamberts Bay										Malgas Island										Lambert's Bay and Malgas Island

		Year		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total		Sardine		Anchovy		Hake		Saury		Total

		1978		13.4		67.9		5.3		5.9		92.5		5.6		44.2		11.4		32.6		93.8		9.5		56.1		8.4		19.3		93.2

		1979		8.4		45.6		0.3		12.9		67.2		9.8		41.0		6.9		34.7		92.4		9.1		43.3		3.6		23.8		79.8

		1980		3.3		78.3		0.0		5.6		87.2		12.3		35.0		14.7		28.8		90.8		7.8		56.7		7.4		17.2		89.0

		1981		1.3		79.1		4.0		2.2		86.6		4.6		47.6		10.6		25.2		88.0		3.0		63.4		7.3		13.7		87.3

		1982		4.4		74.3		1.2		11.8		91.7		0.9		43.8		23.5		26.8		95.0		2.7		59.1		12.4		19.3		93.4

		1983		5.0		70.2		0.1		4.0		79.3		6.2		29.4		36.7		21.7		94.0		5.6		49.8		18.4		12.9		86.7

		1984		19.9		15.9		11.6		34.6		82.0		9.4		28.8		23.4		30.7		92.3		14.7		22.4		17.5		32.7		87.2

		1985		34.8		31.9		10.2		12.9		89.8		29.9		18.5		22.9		24.6		95.9		32.4		25.2		16.6		18.8		92.9

		1986		20.9		72.7		0.2		3.4		97.2		36.5		50.3		3.3		8.3		98.4		28.7		61.5		1.8		5.9		97.8

		1987		37.1		44.2		0.3		11.3		92.9		27.6		38.9		8.1		23.0		97.6		32.4		41.6		4.2		17.2		95.3

		1988		20.0		69.7		0.0		6.8		96.5		55.5		20.0		6.2		17.2		98.9		37.8		44.9		3.1		12.0		97.7

		1989		68.7		1.8		1.9		6.4		78.8		65.7		7.2		11.4		10.9		95.2		67.2		4.5		6.7		8.7		87.0

		1990		49.0		13.5		2.2		8.8		73.5		66.0		3.3		13.6		12.8		95.7		57.5		8.4		7.9		10.8		84.6

		1991		29.6		53.6		2.6		4.1		89.9		47.5		35.7		9.1		6.0		98.3		38.6		44.7		5.9		5.1		94.1

		1992		26.4		51.9		1.6		7.6		87.5		51.1		27.7		13.8		4.7		97.3		38.8		39.8		7.7		6.2		92.4

		1993		46.1		22.2		0.7		17.1		86.1		53.0		5.3		13.0		22.5		93.8		49.6		13.8		6.9		19.8		90.0

		1994		88.5		3.7		0.6		1.4		94.2		70.5		5.6		10.2		7.2		93.5		79.5		4.7		5.4		4.3		93.9

		1995		59.1		25.0		0.0		1.7		85.8		63.7		2.6		14.0		15.7		96.0		61.4		13.8		7.0		8.7		90.9

		1996		73.6		3.4		5.1		1.3		83.4		73.8		0.2		10.4		12.9		97.3		73.7		1.8		7.8		7.1		90.4

		1997		38.8		20.7		1.9		10.5		71.9		67.4		4.0		13.3		9.7		94.4		53.1		12.4		7.6		10.1		83.2

		1998		62.5		26.4		1.0		2.5		92.4		67.5		4.8		16.8		9.6		98.7		65.0		15.6		8.9		6.1		95.6

		1999		35.8		37.5		5.8		6.7		85.8		58.5		5.2		18.2		16.4		98.3		47.2		21.4		12.0		11.6		92.1

		2000		36.4		36.3		0.4		15.1		88.2		51.7		12.7		12.5		17.0		93.9		44.1		24.5		6.5		16.1		91.1

		2001		19.5		52.4		0.0		18.7		90.6		44.3		40.1		7.8		7.1		99.3		31.9		46.3		3.9		12.9		95.0

		2002		15.3		45.1		1.6		25.3		87.3		59.9		14.4		13.0		12.1		99.4		37.6		29.8		7.3		18.7		93.4

		2003		52.9		12.9		0.8		25.5		92.1		30.6		18.0		12.9		35.7		97.2		41.8		15.5		6.9		30.6		94.7

		2004		17.4		19.9		3.3		45.9		86.5		14.2		6.7		25.6		43.4		89.9		15.8		13.3		14.5		44.7		88.2

		2005		11.9		15.6		12.9		27.6		68.0		6.3		5.4		28.8		43.2		83.7		9.1		10.5		20.9		35.4		75.9

		2006		12.6		31.1		3.9		21.6		69.2		11.8		19.6		23.2		33.8		88.4		12.2		25.4		13.6		27.7		78.8

		2007		12.3		32.4		4.7		34.0		83.4		14.4		19.0		33.0		30.2		96.6		13.4		25.7		18.9		32.1		90.0

		2008		17.1		51.7		0.0		20.2		89.0		30.1		10.4		19.6		37.3		97.4		23.6		31.1		9.8		28.8		93.2

		2009		44.2		23.3		0.8		20.3		88.6		36.1		19.5		17.6		24.7		97.9		40.2		21.4		9.2		22.5		93.3

		2010		48.1		2.9		0.8		9.1		60.9		42.9		5.4		10.3		18.3		76.9		45.5		4.2		5.6		13.7		68.9

		2011		61.8		18.4		0.7		8.9		89.8		41.6		19.2		8.3		14.0		83.1		51.7		18.8		4.5		11.5		86.5

		2012		47.9		21.4		3.9		17.5		90.7		46.5		10.7		11.5		21.8		90.5		47.2		16.1		7.7		19.7		90.6

		2013		19.9		25.7		2.7		36.0		84.3		25.7		13.2		9.8		43.7		92.4		22.8		19.5		6.3		39.9		88.4

		2014		14.3		37.9		2.4		31.8		86.4		11.2		11.0		5.8		55.2		83.2		12.8		24.5		4.1		43.5		84.8

		2015		34.7		31.5		0.3		27.4		93.9		23.2		7.2		9.6		55.5		95.5		29.0		19.4		5.0		41.5		94.7

		Average		31.9		36.0		2.5		14.9		85.3		36.1		19.3		14.8		23.5		93.7		34.0		27.6		8.6		19.2		89.5

		Correlation		Sardine		Anchovy

				LB v Mal		LB v Mal

		r		0.772		0.774

		n		37		37

		df		35		35

		P		< 0.001		< 0.001
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				Availability		Cape		African		African		Cape		Cape		Cape		African penguin				African penguin

				index		gannet		penguin		penguin		cormorant		gannet		gannet		adult survival				moulters Dassen

						nw C Point		nw C Point		nw C Point		nw C Point		Malgas Is		Lambert's Bay		Dassen		Robben		adult		immature

						000 pairs		000 pairs		less potential		000 pairs		chicks/pair		chicks/pair						000s (Robinson)

		1978		-0.438		33.764						68.357

		1979		-1.082				18.334

		1980		0.320		36.891

		1981		0.938		38.469

		1982		-0.224		39.149

		1983		-0.275		25.928

		1984		-2.191		38.003

		1985		-0.948		36.451						11.384

		1986		4.290		50.056

		1987		2.485		54.985		7.127

		1988		3.345		52.449						72.380		0.370

		1989		0.812		63.987						5.186		0.430

		1990		0.233		38.705						9.430		0.333

		1991		3.655		55.549		12.238				57.332		0.457		0.542

		1992		2.032		52.930		11.037				54.092		0.341		0.688

		1993		0.571		42.782		10.339				1.667		0.466		0.537

		1994		1.340		57.748		14.006				10.981		0.369		0.982		0.769		0.785		12.360		1.398

		1995		1.532		59.669		13.427				15.488		0.548		0.478		0.741		0.830		12.373		1.767

		1996		1.760		67.202		13.826				14.672		0.192		0.149		0.802		0.824		12.950		4.940

		1997		1.026		61.491		13.434		13.347		13.873		0.438		0.724		0.763		0.824		16.195		3.374

		1998		1.373		60.987		15.714				4.197		0.819		0.670		0.803		0.946		21.531		8.324

		1999		0.351				20.840		20.082		19.816		0.620		0.543		0.824		0.998		25.174		8.399

		2000		1.021		59.689		24.029		22.449		9.122		0.408		0.500		0.723		0.657		26.175		6.720

		2001		2.506		58.205		30.002		26.469		24.631		0.354				0.820		0.859		25.767		8.305

		2002		1.998				31.490		26.528		7.690		0.430		0.451		0.644		0.792		25.177		5.680

		2003		-0.588		41.599		27.631		20.585		14.245		0.416		0.583		0.545		0.854		16.642		3.915

		2004		-2.547				34.287		21.897		6.702		0.418		0.630		0.531		0.684		17.385		5.006

		2005		-3.380		36.156		31.293		18.221		21.076		0.020		0.000		0.485		0.659		11.377		2.186

		2006		-2.896		33.441		20.026		11.235		8.179		0.031				0.508		0.469		7.729		1.719

		2007		-2.824		39.855		18.461		10.675		10.061		0.347		0.583		0.430		0.675		2.160		0.618

		2008		-0.722		44.813		11.186		8.914		7.114		0.109		0.450		0.768		0.640		0.420		0.076

		2009		-2.528		38.965		8.390		5.304		15.600		0.141		0.394		0.582		0.625		0.340		0.124

		2010		-1.423				8.054		4.492		16.398		0.338		0.800		0.818		0.511

		2011		-2.363		38.431		6.327		3.489		13.388		0.576		0.607		0.606		0.464

		2012		-1.234		29.159		4.865		3.236		10.336		0.410		0.960

		2013		-1.796		22.236		4.444		3.095		2.455		0.034		0.725

		2014		-1.746		23.967		3.352		2.108		10.187		0.000		0.200

		2015		-2.384		28.697		3.661		2.012		8.278		0.716		0.689

								4-y lag

		r				0.705		0.533		0.600		0.442		0.349		0.114		0.769		0.702		0.628		0.559

		n				33		26		18		30		28		23		18		18		16		16

		df				31		24		16		28		26		21		16		16		14		14

		P				< 0.001		< 0.01		< 0.005		< 0.02		< 0.10		ns		< 0.001		< 0.002		< 0.01		< 0.05
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				Year		Numbers breeding in northwest South Africa								Breeding success		Adult survival				Numbers moulting

																				Adults		Immatures

						Cape gannet		African penguin		Cape cormorant		Greater crested tern		Cape gannet		African penguin				African penguin

						thousand pairs								chicks/pair		per year				thousands

				Colonies		All		All		Main		All		Malgas		Dassen		Robben		Dassen		Dassen

				1978		33.764				68.357

				1979

				1980		36.891

				1981		38.469

				1982		39.149

				1983		25.928

				1984		38.003						4.610

				1985		36.451				11.384

				1986		50.056

				1987		54.985						3.314

				1988		52.449				72.380		4.414		0.37

				1989		63.987				5.186		2.691		0.43

				1990		38.705				9.430		1.836		0.33

				1991		55.549				57.332		1.405		0.46

				1992		52.930				54.092		4.729		0.34

				1993		42.782				1.667		3.431		0.47

				1994		57.748				10.981		4.105		0.37		0.77		0.79		12.36		1.40

				1995		59.669				15.488		4.488		0.55		0.74		0.83		12.37		1.77

				1996		67.202				14.672		4.508		0.19		0.80		0.82		12.95		4.94

				1997		61.491		13.347		13.873		2.294		0.44		0.76		0.82		16.20		3.37

				1998		60.987				4.197		2.672		0.82		0.80		0.95		21.53		8.32

				1999				20.082		19.816		4.062		0.62		0.82		1.00		25.17		8.40

				2000		59.689		22.449		9.122		4.905		0.41		0.72		0.66		26.18		6.72

				2001		58.205		26.469		24.631		4.127		0.35		0.82		0.86		25.77		8.31

				2002				26.528		7.690		6.883		0.43		0.64		0.79		25.18		5.68

				2003		41.599		20.585		14.245		5.640		0.42		0.55		0.85		16.64		3.92

				2004				21.897		6.702		6.163		0.42		0.53		0.68		17.39		5.01

				2005		36.156		18.221		21.076		6.801		0.02		0.49		0.66		11.38		2.19

				2006		33.441		11.235		8.179		3.419		0.03		0.51		0.47		7.73		1.72

				2007		39.855		10.675		10.061		3.544		0.35		0.43		0.68		2.16		0.62

				2008		44.813		8.914		7.114		8.066		0.11		0.77		0.64		0.42		0.08

				2009		38.965		5.304		15.600		10.612		0.14		0.58		0.63		0.34		0.12

				2010				4.492		16.398		14.463		0.34		0.82		0.51

				2011		38.431		3.489		13.388		13.747		0.58		0.61		0.46

				2012		29.159		3.236		10.336		7.875		0.41

				2013		22.236		3.095		2.455		8.015		0.03

				2014		23.967		2.108		10.187		9.874		0.00

				2015		28.697		2.012		8.278		11.329		0.72






GAMs indicated:

1) FAI significantly related to numbers breeding or
survival of each of the three Endangered seabirds.

a) numbers of Cape gannets breeding;

b) numbers of Cape cormorants breeding;

c) d) survival of adult African penguins at Dassen and
Robben islands.

2) Suggests FAl is a valid indicator of availability of

nutritious forage.

3) FAl showed (different) thresholds, above which
numbers breeding would increase, or survival
improve.

4) Recent FAI values were below all thesholds.
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FAI positively related to the combined biomass of adult sardine and anchovy found north of
Cape Point until 2005.

Relationship then broke down suggesting some factor other than horizontal distribution recently
influenced availability.

Fishers also unable to fill anchovy catch allocations; asserted anchovy had moved deeper.

Cf. Humboldt system Boyd et al. 2017. Journal of Applied +
Ecology 54: 1362-1372.
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pcs

		year_x		pc1_saranc_sepmar		pc2_saranc_sepmar		sardine+anchovy				sardine+anchovy								sardine and anchovy in caga diet

		1977						w C Agulhas				September-March

		1978		-5.421845		-0.4380038						Lamberts and Malgas								Component		Eigenvalue		Proportion		Cumulative

		1979		-4.245456		-1.081995														1		12.0437		0.4301		0.4301

		1980		-5.302576		0.319956														2		3.9653		0.1416		0.5718

		1981		-6.594982		0.938481														3		2.0173		0.0720		0.6438

		1982		-6.299792		-0.224369

		1983		-4.742522		-0.2753995																Eigenvectors

		1984		-1.480468		-2.190606		0.77		-2.84										Variables		1		2

		1985		0.1146508		-0.9477763		1.04		-0.91										Sardine, Lamberts Bay September		0.1904		0.0882

		1986		-4.463216		4.290384		2.22		1.94										Sardine, Lamberts Bay October		0.2214		0.1130

		1987		-1.873854		2.485431		1.96		1.27										Sardine, Lamberts Bay November		0.2017		-0.0859

		1988		-1.19646		3.345219		1.42		2.36										Sardine, Lamberts Bay December		0.2139		-0.0780

		1989		5.476567		0.8122335		0.72		1.14										Sardine, Lamberts Bay January		0.2232		0.1283

		1990		4.06102		0.2325514		0.59		0.39										Sardine, Lamberts Bay February		0.1994		0.1596

		1991		-1.71271		3.655499		0.88		4.16										Sardine, Lamberts Bay March		0.1627		0.2084

		1992		-0.9558753		2.031955		1.28		1.58										Sardine, Malgas Island September		0.1279		0.3145

		1993		2.714048		0.5714436		0.92		0.62										Sardine, Malgas Island October		0.2371		0.0494

		1994		6.621481		1.340468		0.70		1.92										Sardine, Malgas Island November		0.2286		0.1575

		1995		3.998327		1.531545		0.83		1.84										Sardine, Malgas Island December		0.2355		0.1079

		1996		6.139474		1.760024		0.29		6.12										Sardine, Malgas Island January		0.1974		0.2470

		1997		3.070041		1.025973		1.34		0.76										Sardine, Malgas Island February		0.1675		0.3211

		1998		4.312734		1.37286		1.29		1.06										Sardine, Malgas Island March		0.0575		0.3972

		1999		2.060059		0.350554		1.45		0.24										Anchovy, Lamberts Bay September		-0.1359		0.0754

		2000		1.170609		1.02113		2.69		0.38										Anchovy, Lamberts Bay October		-0.1947		0.0329

		2001		-2.111403		2.506141		2.97		0.84										Anchovy, Lamberts Bay November		-0.1668		0.2622

		2002		-0.0007038		1.998417		3.20		0.62										Anchovy, Lamberts Bay December		-0.1907		0.2915

		2003		1.863799		-0.5881413		2.52		-0.23										Anchovy, Lamberts Bay January		-0.2135		0.1733

		2004		-0.5531946		-2.547042		1.03		-2.47										Anchovy, Lamberts Bay February		-0.1840		0.1098

		2005		-0.9109491		-3.38009		0.75		-4.53										Anchovy, Lamberts Bay March		-0.1614		-0.0094

		2006		-1.116667		-2.895908		1.19		-2.43										Anchovy, Malgas Island September		-0.1816		0.0288

		2007		-1.243081		-2.823845		0.95		-2.98										Anchovy, Malgas Island October		-0.2308		0.1453

		2008		-1.100948		-0.7220108		0.77		-0.94										Anchovy, Malgas Island November		-0.2376		0.1311

		2009		1.837875		-2.528138		2.36		-1.07										Anchovy, Malgas Island December		-0.1715		0.2458

		2010		3.322225		-1.423407		0.66		-2.14										Anchovy, Malgas Island January		-0.1678		0.2468

		2011		3.27664		-2.363075		0.36		-6.63										Anchovy, Malgas Island February		-0.1832		0.0305

		2012		2.735947		-1.234115		1.21		-1.02										Anchovy, Malgas Island March		0.0424		-0.2388

		2013		-0.5527528		-1.795692		2.25		-0.80

		2014		-1.46386		-1.74639		1.49		-1.17

		2015		0.5678172		-2.384264		0.75		-3.17

								1.52

		78_85				-0.487464075

		86_03				1.6524270667

		04_15				-2.1536647333
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Availability per unit biomass

Availability/biomass



				Availability		Upwel idx		Upwel idx		Cape		African		Cape		Swift		Cape gannet		African penguin				Biomass		S Biomass		S Biomass		Availability		R Biomass		Availability

				index		S Beng		S Coast		gannet		penguin		cormorant		tern		chicks/pair		adult survival				w Agulhas		n C Point		n C Point		index		n C Point		index

						millions		millions		nw C Point		nw C Point		nw C Point		nw C Point		Malgas		Dassen		Robben		Nov		Nov		Nov				May

										000 pairs		000 pairs		000 pairs										S + A		S + A		S + A				S + A

																												ln

		1978		-0.438						33.764				68.357																-0.438				-0.438

		1979		-1.082								18.334																		-1.082				-1.082

		1980		0.320						36.891																				0.320				0.320

		1981		0.938		4.199		0.184		38.469																				0.938				0.938

		1982		-0.224		3.358		0.013		39.149																				-0.224				-0.224

		1983		-0.275		2.441		-0.237		25.928																				-0.275				-0.275

		1984		-2.191		2.533		-0.469		38.003						4.610								1.602		1.510		0.412		-2.191				-2.191

		1985		-0.948		2.347		-0.125		36.451				11.384										1.023		0.505		-0.684		-0.948		0.309		-0.948

		1986		4.290		2.660		-0.106		50.056														2.217		1.820		0.599		4.290		0.612		4.290

		1987		2.485		2.345		-0.112		54.985		7.127				3.314								1.549		0.872		-0.137		2.485		0.794		2.485

		1988		3.345		2.919		0.042		52.449				72.380		4.414		0.370						1.324		0.293		-1.228		3.345		0.566		3.345

		1989		0.812		2.755		-1.058		63.987				5.186		2.691		0.430						0.560		0.107		-2.234		0.812		0.208		0.812

		1990		0.233		4.365		0.137		38.705				9.430		1.836		0.333						0.383		0.007		-4.910		0.233		0.198		0.233

		1991		3.655		3.490		-0.180		55.549		12.238		57.332		1.405		0.457						1.402		0.427		-0.851		3.655		0.537		3.655

		1992		2.032		3.912		-0.695		52.930		11.037		54.092		4.729		0.341						1.071		0.123		-2.099		2.032		0.459		2.032

		1993		0.571		3.408		0.156		42.782		10.339		1.667		3.431		0.466						0.591		0.094		-2.367		0.571		0.506		0.571

		1994		1.340		3.432		0.075		57.748		14.006		10.981		4.105		0.369		0.769		0.785		0.430		0.176		-1.735		1.340		0.157		1.340

		1995		1.532		3.564		-0.489		59.669		13.427		15.488		4.488		0.548		0.741		0.830		0.560		0.042		-3.171		1.532		0.485		1.532

		1996		1.760		3.346		-0.913		67.202		13.826		14.672		4.508		0.192		0.802		0.824		0.100		0.034		-3.378		1.760		0.069		1.760

		1997		1.026		2.752		0.592		61.491		13.434		13.873		2.294		0.438		0.763		0.824		0.821		0.214		-1.544		1.026		0.680		1.026

		1998		1.373		2.796		-0.450		60.987		15.714		4.197		2.672		0.819		0.803		0.946		0.948		0.556		-0.587		1.373		0.564		1.373

		1999		0.351		1.836		0.173				20.840		19.816		4.062		0.620		0.824		0.998		1.243		0.256		-1.362		0.351		0.804		0.351

		2000		1.021		2.139		-1.043		59.689		24.029		9.122		4.905		0.408		0.723		0.657		2.676		0.651		-0.429		1.021		2.539		1.021

		2001		2.506		0.644		-0.353		58.205		30.002		24.631		4.127		0.354		0.820		0.859		3.457		1.135		0.127		2.506		2.475		2.506

		2002		1.998		1.597		-1.437				31.490		7.690		6.883		0.430		0.644		0.792		3.107		0.499		-0.695		1.998		1.415		1.998

		2003		-0.588		0.276		-0.466		41.599		27.631		14.245		5.640		0.416		0.545		0.854		1.881		0.035		-3.361		-0.588		1.422		-0.588

		2004		-2.547		1.012		-1.116				34.287		6.702		6.163		0.418		0.531		0.684		1.144		0.007		-5.014		-2.547		0.462		-2.547

		2005		-3.380		1.237		-1.058		36.156		31.293		21.076		6.801		0.020		0.485		0.659		1.288		0.001		-7.562		-3.380		0.536		-3.380

		2006		-2.896		2.013		-0.315		33.441		20.026		8.179		3.419		0.031		0.508		0.469		1.296		0.066		-2.724		-2.896		0.206		-2.896

		2007		-2.824		1.235		-1.466		39.855		18.461		10.061		3.544		0.347		0.430		0.675		0.912		0.009		-4.754		-2.824		1.263		-2.824

		2008		-0.722		0.944		-1.632		44.813		11.186		7.114		8.066		0.109		0.768		0.640		1.340		0.057		-2.859		-0.722		0.987		-0.722

		2009		-2.528		1.893		0.089		38.965		8.390		15.600		10.612		0.141		0.582		0.625		2.449		0.614		-0.488		-2.528		0.650		-2.528

		2010		-1.423		4.073		1.211				8.054		16.398		14.463		0.338		0.818		0.511		0.517		0.176		-1.735		-1.423		1.212		-1.423

		2011		-2.363		4.764		0.165		38.431		6.327		13.388		13.747		0.576		0.606		0.464		0.559		0.076		-2.577		-2.363		0.293		-2.363

		2012		-1.234		4.992		-0.459		29.159		4.865		10.336		7.875		0.410						1.100		0.068		-2.693		-1.234		0.717		-1.234

		2013		-1.796		4.084		-0.237		22.236		4.444		2.455		8.015		0.034						1.248		0.110		-2.204		-1.796		1.043		-1.796

		2014		-1.746						23.967		3.352		10.187		9.874		0.000						1.475		0.015		-4.218		-1.746		0.540		-1.746

		2015		-2.384						28.697		3.661		8.278		11.329		0.716						0.735		0.135		-1.999		-2.384		1.058		-2.384

																								1.399		0.203		-1.597				0.383

																																2.401

												4-y lag

		r				0.140		0.108		0.705		0.533		0.442		-0.550		0.349		0.769		0.702		0.198		0.398				1.000		0.074

		n								33		26		30		30		28		18		18		32		32

		df								31		24		28		28		26		16		16		30		30

		P								< 0.001		< 0.01		< 0.02		< 0.002		ns		< 0.001		< 0.002		ns		< 0.05

																						r2		0.274

																						r		0.523





		



Availability

Breeders

Forage availability index

Breeding pairs (thousands)

Cape gannet



		



Availability

Breeders

Forage availability index

Breeding pairs (thousands)

African penguin



		



Availability

Breeders

Forage availability index

Breeding pairs (thousands)

Cape cormorant



		



Availability

Breeding success

Forage availability index

Chicks/pair

Cape gannet



		



Availability

Dassen

Robben

Forage availability index

Adult survival

African penguin



		



Availability

Breeders

Forage availability index

Breeding pairs (thousands)

Greater crested tern



		



Biomass (million t)

Foraage Availabiliy Index



		



FAI

Biomass

FAI

Ln Biomass (million t)




To conclude:

Seabirds can be used as indicators of climate-change impacts on marine ecosystems.

The Forage Availability Index suggested a change in depth (z-axis) distribution of prey,
since biomass of anchovy in west (x,y) remained high through the period.

Climate-change impacts on prey availability may be as important as changes in
abundance, especially to central-place, shallow-diving predators, such as some
seabirds. Seabirds are sensitive, and readily observable, indicators.

Biomass per se doesn't always predict important aspect of trophic relationships — more
information is needed to understand climate-change impacts on ecosystems.
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