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The climate is changing… 

Brown & Caldeira 2017, Nature 552: 45-50. 



• Indirect effects 
 

• Shifts in phenology 
 

• Impacts of trophic cascades 
 

Sydeman et al.  2015, Science 350: 772-777. 

Impact on organisms 



• Direct effects 
 

• Habitat change (sea ice loss, rising sea levels) 
• Increased storms/precipitation 
• Increased temperature 

 

Hatfield et al. 2012, Conserv. Biol. 26: 667-678.  
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• Seabirds are good study models 
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Modified from van der Lingen et al. 2006, Large Marine Ecosystems Vol 14, Elsevier 
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Seabird responses 
• Spatial mismatch 

Grémillet et al. 2008, J. Appl. Ecol. 45: 610–621. 
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Seabird responses 
• Eastward shifts 

• Regionally different population dynamics? 

Eastward displacement 
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• Phenology? (anecdotally) 
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Grémillet et al. 2008, Proc. R. Soc. B 275: 1149–1156. 
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• Poorly studied 

• Fecundity? – impacted by heat and 
storms (Sherley et al. 2012) 

• Survival and Recruitment? – 
population change linked to local 
lobster availability (Sherley et al. 2017) 

• Diet – switch to goby in Namibia (Ludynia 

et al. 2010) 

• Phenology? – May get squeezed by 
direct effects 
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Sherley et al. 2013, Mar. Ecol. Prog. Ser. 473: 291–301. 
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African penguins 

• Fecundity – breeding success 
maintained. But, declines in chick 

growth rates (Sherley et al. 2013) 

• Survival – high adult mortality (Sherley et 

al. 2014,  Robinson et al. 2015) 



African penguins 

Adult survival: 0.81 from 1994-2001 and 0.61 from 2002-2012 
Sardine biomass west of Cape Agulhas 

Sherley et al. 2014, Ibis 156: 716–728; Weller et al. 2016, Ecol. Model. 327: 44-56.  

Harding 2013, MSc thesis, UCT 



African penguins 

• Fecundity – breeding success 
maintained. But, declines in chick 

growth rates (Sherley et al. 2013) 

• Survival – high adult mortality (Sherley et 

al. 2014,  Robinson et al. 2015) 

• Recruitment – declined, linked to 
juvenile dispersal (Sherley et al. 2017) 



Sherley et al. 2017, Curr. Biol. 27: 563–568 
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 Future work will need to incorporate direct and indirect effects  
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Latitudinal shifts: impossible in southern Africa! 
 
Shifts in phenology: compatibility with food availability or weather? 
 

• Adaptive responses 
 
Decrease in body size and in plumage insulation: compatibility with  
foraging? 
 

• Local or global extinction? 

Conclusions 
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