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From	McCauley	et	al.	2015,	Science	347:	1255641.

• Humans	are	rapidly	altering	marine	systems

Human-induced	rapid	environmental	change



From	Robertson	et	al.	2013,	TREE	28:	552–560.

Ecological	traps

•	Mismatches	between	cues	and	fitness	
•	Can	induce	rapid	population	decline



•	Focused	on	adults/breeders
•	Risk	differs	over	life-cycle

•	Flexible	or	vulnerable	to	change?
From	Glig et	al.	2013,	PLoS One	8:	e64614.

Tracking	migratory	and	mobile	marine	species



African	penguin
Spheniscus	demersus

Breed	in	Namibia,	the	
Western	Cape and	the	

Eastern	Cape

And	eats:

Sardine
Sardinops sagax

Cape	anchovy
Engraulis encrasicolus

SST

Rapid	environmental	change	in	the	Benguela



African	penguin
Spheniscus	demersus

Breed	in	Namibia,	the	
Western	Cape and	the	

Eastern	Cape

And	eats:

Sardine
Sardinops sagax

Cape	anchovy
Engraulis encrasicolus

SST

Rapid	environmental	change	in	the	Benguela



African	penguin
Spheniscus	demersus

Breed	in	Namibia,	the	
Western	Cape and	the	

Eastern	Cape

And	eats:

Sardine
Sardinops sagax

Cape	anchovy
Engraulis encrasicolus

SST

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Modified	from	Roy	et	al.	2007,	Afr.	J.	Mar.	Sci.	29:	309–319

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Modified	from	Roy	et	al.	2007,	Afr.	J.	Mar.	Sci.	29:	309–319

Rapid	environmental	change	in	the	Benguela



Modified	from	van	der	Lingen	et	al.	2006,	Large	Marine	Ecosystems	Vol	14,	Elsevier

Namibia S.	Africa

Modified	from	Roy	et	al.	2007,	Afr.	J.	Mar.	Sci.	29:	309–319 Updated	from	Coetzee	et	al.	2008,	ICES	J.	Mar.	Sci.	65:	1676–1688

Rapid	environmental	change	in	the	Benguela



•	Identify	critical	foraging	
habitat	for	juveniles

Aims



•	Identify	critical	foraging	
habitat	for	juveniles

•	Characterise	habitat	
selection	at	

metapopulation scale

Aims



•	Identify	critical	foraging	
habitat	for	juveniles

•	Characterise	habitat	
selection	at	

metapopulation scale

•	Assess	vulnerability	or	
flexibility	to	change

Aims



•	Identify	critical	foraging	
habitat	for	juveniles

•	Characterise	habitat	
selection	at	

metapopulation scale

•	Assess	vulnerability	or	
flexibility	to	change

•	Examine	population-
level	impact

Aims



•	54	fledglings,	8	colonies	over	3	years

•	Bayesian	State-space	model

•	Ocean	current	data	
– active	vs	passive

•	Habitat	selection	functions	
– SST,	Chl a,	prey

•	Stochastic	population	models	
– vulnerable	vs	flexible

Methods
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• Foraging	west	or	north	of			
natal	colony

•	Most	core	foraging	areas	
west	of	Cape	Agulhas

•	Movement	of	SA	birds	
into	Namibia

•Why	not	follow	the	
fish…?
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Why?
Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568
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High	Chl-a
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Low	SST
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•	But	high	forage	
fish	abundance???

Low	SST
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Results	3:	Habitat	selection



•	Access	to	recruits	
initially

Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568

Results	4:	fish-penguin	mismatch



•	Access	to	recruits	
initially	

•	But fish	go	south,	
penguins	go	
north…

Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568

Results	4:	fish-penguin	mismatch



•	Access	to	recruits	
initially	

•	But fish	go	south,	
penguins	go	
north…

• Few	anchovy	in	
summer	foraging	

areas

Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568

Results	4:	fish-penguin	mismatch



•	Access	to	recruits	
initially	

•	But fish	go	south,	
penguins	go	
north…

• Few	anchovy	in	
summer	foraging	

areas
• Sardine	scarce	to	

absent

Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568

Results	4:	fish-penguin	mismatch
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initially	

•	But fish	go	south,	
penguins	go	
north…

• Few	anchovy	in	
summer	foraging	

areas
• Sardine	scarce	to	

absent
• Not adapted	to	
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Sherley	et	al.	2014,	Ibis	156:	716–728
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•	Actively	select	areas	of	
high	productivity

•		Penguin	forage-fish	
mismatch

•	High	juvenile	
mortality

•	Ecosystem-wide	
ecological	trap

•	Important	population-
level	impact

Summary
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Sherley	et	al.	2017,	Curr.	Biol.	27:	563–568

Spatial	protection…

Conservation	translocations...

Large-scale	management...

Mitigation…


