
Mechanisms of Ecosystem Change: An 
Ecosystem Case History from the 

California Current  
 

  



Ecosystem Change (Shifts) 
(from Scheffer et al. 2009 Nature) 



“Regime Shifts”: Analysis of Mean System State (modified 
from Hare and Mantua 2000) 



Logic Framework 

• Hypothesis: Scales of Ecosystem Change Reveal Potential 
Mechanisms 
 
(1) Gradual Unidirectional Change – climate change (trend) 
(2) Abrupt Change – EN\LN\SO events (HF variability) 
(3) Periodic Change – NAO, PDO (LF variability) 
 
Rate of transformation in bio-physical component is important. 
  
  Key measurement:  
   “abruptness” = rate of change 

  Mechanisms may differ relative to “abruptness” 
 
 



“Abruptness” – Focus on Change Points 



Paleo-ecological records apparently show 
different rates of change (from Baumgartner et 

al. 2002) 



Mechanisms of Change 

Intrinsic/Endogenous 
Food web dynamics (bottom-up, top-down, 

oscillating control) 
 

Extrinsic/Exogenous 
Atmospheric-oceanographic coupling 

 
Interactions of Intrinsic and Extrinsic  



Species/Population-Level Indicators of 
Change in Ecosystem State 

 
Changes in phenological rhythms (may be an 

adaptive response to environmental change) 
Change in productivity, survival, and recruitment 
Change in abundance 
Changes in distribution, range, dispersion 

(patchiness) characteristics 
 
 



Community-Level Indicators of 
Ecosystem Change 

Change in trophic matching-mismatching  
 Changes in “bottom-up” trophic interactions 
 Change in “top down” trophic interactions 
 
Change in competitive interactions 
 
 



“Top-Down” Effects - Fishing, in this example 
(from Frank et al. 2005 Science) 



Study Region: Central-Northern CA Current 
System 

Monterey Bay 

San Francisco Bay 

Point Arena  

Point Sur 



Ecosystem Constituents: Birds, Bugs, Fish, 
and Big Guys 



CCE forage species 
- Small pelagics  

(anchovy, sardine, herring, sandlance, smelt, 
myctophid and other mesopelagics) 

-  Juveniles of predatory fishes  
(age 0-1 rockfish, hake, mackerel, greenling, flatfish) 

- Invertebrates (krill, squid) 

 

CA Current Food Web: Not Wasp- 
Waist 



Summary of “Trend Effects” - Ecosystem 
Change in the CA Current 



Extreme Climate Events 



“Events” are Critical in the CA Current 

Pulses of productivity (e.g. hake) 
 



Advection and Starvation of Krill 
(from Dorman et al. 2011 GRL) 

 Survival of “krill” (particles)  
in 2001, a year of normal 
upwelling and transport  was 
substantially greater than in 
2005 when upwelling was  
reduced and transport  
reversed leading to more  
starvation and advection 
from the model domain =  
poor seabird and salmon 
productivity.   
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Seasonality 
(from Black et al. 2011) 

 Different species and parameters 
are sensitive to different seasons 
(physical conditions). 

 
 Auklet breeding success and 
salmon growth  – summer 
upwelling. 

 
 Murre and auklet timing, murre 
success and rockfish (splitnose) 
growth  – winter upwelling. 

 
 



Winds and Stratification Drive Winter 
Upwelling (from Sydeman et al. in prep.) 

  • 

 

 

 
 



Effects of Winter Upwelling (Isopycnal Shoaling), 
Wind, and Stratification on Biology 

  • 

 

 

 
 



Effects of Fishing – Presumably Abrupt? 

Ecological and population "viability“ 
- Population decline due much to climate, also some to 

harvest,                            but causes not separable 
- Fishing makes pops more susceptible to climate (Hsieh et al. 

2006) 
 

Ultimately, the question is whether fishing has  
resulted in these populations visiting ecological  
states that would not have occurred naturally. 



Importance of Fish Age Structure (from 
Berkeley et al. 2004)  

 larval survival of Sebastes 
 melanops related to maternal 
age and condition 

 older females “invest” more in 
developing larvae.   



A rich history of sardine/anchovy management in the California Current, 
closely linked to the evolution of fisheries science (Freon et al. 2005) 

Pre-1900s: the 
“inexhaustible” 

period 

1900-1950:  
the industrial 

exploitation period 

1950-1975: 
 the conventional 

management period 
1975-1995:  

the doubt period 
1995 onward:  
the ecosystem 

management period 

    sardine 
    anchovy 



Ecosystem Modeling (EwE) 

From Field &  
Francis 2006 



Fisheries Management 

Fishing Impacts 
Top Down 
Whaling 

Groundfish 
Salmon (Input) 

 



Space – The Frontier 



Wind Regimes in the North Sea (from 
Brander 2010) 



Summary 

- Conceptual Framework 
- Some species are have more important impacts than 

others (coastal) pelagics 
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