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EBUS are areas of relatively high chlorophyll concentrations (and primary 
production)
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The largest fisheries (by volume) in EBUS are typically composed of 

small pelagic species:

• sardines (Sardinops spp., Sardinella spp.)

• anchovies (Engraulis spp.)

• mackerels (Trachurus spp., Scomber spp.)

• squids

Records of variability in these EBUS fisheries pre-date our 

understanding of upwelling dynamics and give us some insight into 

what has motivated studies of variability and change.





Peruvian anchoveta– a little fish with a giant impact

This one species, the Peruvian anchoveta, 

regularly constitutes about 10% of the 

world’s reported fish catch.

That’s nearly 8 million tons from one fish 

population each year!

Small pelagic fish in upwelling zones 

typically make up about 20-25% of global 

landings. This is almost used entirely for 

fish meal.



Small pelagic fish: the great enabler.



Contributions to EBUS fisheries to the global fish supply are astounding

Upwelling systems:

• sustain fisheries critical to the 

world’s food supply.

• support highly productive and 

biodiverse food webs.

• may play a role in large-scale 

climate processes.

Fisheries data from Sea Around Us (2018)

Upwelling areas are about 0.3% 

of the global ocean surface 

area, yet they account for about 

22% of the global landings.

(EEZs are 98% of landings, but EBUS are 

still only 0.8% of all EEZs by area.)

If we want to understand the future of 

global fisheries…

…we must understand the responses of 

EBUS to climate variability and change!



Though productive, EBUS fisheries are notoriously variable…

Although EBUS fisheries are productive, they are also notoriously variable.

Large anomalies in weather 

conditions now associated with 

ENSO were recorded in the 

1520s.

The name “El Niño” and its 

impact on the fisheries of Peru 

was first recorded in 1892.

Fisheries data from Sea Around Us (2018)



Collapse of the Pacific sardine (S. sagax) fishery in the first half of the 20th Century

The collapse of the Pacific sardine in California and the subsequent fisheries and 

oceanographic research offers one example (from a biologist’s perspective) of how 

EBUS research was stimulated.

Landings data 

from CDF&W

Pacific sardine

(Sardinops sagax)

northern anchovy 

(Engraulis mordax)
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What cause this stupendous 

collapse of the population?

1949: Targeted oceanographic 

surveys initiated (CalCOFI).
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Collapse of the Pacific sardine (S. sagax) fishery in the first half of the 20th Century

The collapse of the Pacific sardine in California and the subsequent fisheries and 

oceanographic research offers one example (from a biologist’s perspective) of how 

EBUS research was stimulated.

Landings data 

from CDF&W

Whoa!  Did overfishing of sardine 

reduce competition for anchovy?

Are these collapses driven by 

overfishing?
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Collapse of the Pacific sardine (S. sagax) fishery in the first half of the 20th Century

The collapse of the Pacific sardine in California and the subsequent fisheries and 

oceanographic research offers one example (from a biologist’s perspective) of how 

EBUS research was stimulated.

Landings data 

from CDF&W

Soutar and Isaacs (1969), 

Soutar and Isaacs (1974), 

Baumgartner et al. (1992), and 

others report on the scale 

record.



Sediment records offer an alternative view

An additional line of evidence is provided by the 

record of scale abundance preserved in the anoxic 

sediments of a deep, poorly flushed basin.

The 600-m deep Santa Barbara Basin lies beneath 

the Santa Barbara Channel, about 20 km offshore.

25 km

Bograd et al. (2002)
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Sediment records offer an alternative view

An additional line of evidence is provided by the 

record of scale abundance preserved in the anoxic 

sediments of a deep, poorly flushed basin.
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Sediment records offer an alternative view

An additional line of evidence is provided by the 

record of scale abundance preserved in the anoxic 

sediments of a deep, poorly flushed basin.

The 600-m deep Santa Barbara Basin lies beneath 

the Santa Barbara Channel, about 20 km offshore.

Soutar and Isaacs (1969)

Baumgartner et al. (1992)

There are two key findings from

such sediment analyses:

1) Sardine and anchovy 

populations were highly 

variable prior to the 

industrialization of fisheries in 

the 19th century. This indicates 

that there is substantial natural 

variability in the California 

Current EBUS.

2) The idea of “alternations” of 

some of the dominant species 

in EBUS can be questioned.



Lehodey et al. 2006 (Journal of Climate)

Observed catch of anchovy and sardine relative to the maximum peak 

value of their series (value in thousand of tons between brackets) during 

the last century in the Pacific (California , Japan–Kuroshio, and Peru–

Humboldt systems) and Atlantic (Benguela system) Oceans. Redrawn 

from Schwartzlose et al. (1999). 

A hypothesis of synchrony across 3 of the 4 EBUS regions persists…

Several researchers have seen temporal “synchrony” in the 

rise and fall of EBUS fish populations (but also including 

Japanese stocks).

Sardine prospered during the 1920s to early 1940s, anchovy 

did well from the 1950s through the late 1970s, and then 

sardine returned in the early 1980s.  (Benguela species are 

“out-of-phase” with no explanation.)



What is going on?  Are there any mechanistic reasons to suspect EBUS 
synchrony?

Chavez et al. (2003)

Leading hypotheses for the proposed synchrony of the ecology of the populations in 

the Pacific EBUS involve ENSO and its teleconnections to the subtropics.

The responses of EBUS to modes of historical variability might provide some insight 

to responses to future change.  However, the underlying mechanisms might also be 

quite different.

Chavez et al. (2003)

cool periods have favored anchovy

warm periods have favored sardine
(e.g., Lluch-Belda et al. 1991; Chavez et al. 2003; Alheit and 

Niquen 2004; van der Lingen et al. 2006; Lindegren et al. 2013)



How might the ecosystems of EBUS respond in the future?

Describing the responses of EBUS to future climate change is not an easy task.

Different proposed hypotheses emphasize different aspects of change in EBUS 

conditions.

Three hypotheses that come to mind (personally) are all more descriptive than 

quantitative:

1) Bakun (1990) proposed that alongshore, upwelling-favorable winds would intensify 

and increase upwelling-driven supply of nutrients.

2) Roemmich and McGowan (1995) proposed that increased vertical stratification of 

the water column would limit upwelling-driven supply of nutrients.

3) Rykaczewski and Dunne (2010) proposed that neither the winds nor stratification 

would change substantially, but rather the properties of the deep subsurface waters 

would change in response to reduced ventilation.



Differential heating of the 

surface air over the landmass 

relative to the ocean leads to 

the development of the 

thermal low over the 

Southwest, generating a 

strong pressure gradient.

Three qualitative hypotheses posed previously:

#1 - Increased continental warming rate = increased nutrient supply

Bakun (1990) hypothesized that:

relative differences 

in land and sea 

heat capacities

more rapid warming 

over land; increased 

atm. pressure gradient

increased alongshore winds

increased upwelling

increased production



#1 - Increased continental warming rate = increased nutrient supply

Bakun (1990) hypothesized that:

#2 - Increased stratification = decreased nutrient supply

Roemmich and McGowan (1995) hypothesized that global warming will result in:

relative differences 

in land and sea 

heat capacities

more rapid warming 

over land; increased 

atm. pressure gradient

increased alongshore winds

increased upwelling

increased production

increased SST
increased 

water-column 

stratification

reduced mixing

reduced efficacy of upwelling

reduced production

Three qualitative hypotheses posed previously:



?

Historical observations support the 

R&M (1995) hypothesis.

Inverse temperature-

productivity 

relationship influences 

higher trophic levels.

Historical observations support this inverse
temperature-production relationship

Peterson and Schwing (2003)Roemmich and McGowan (1995)



#1 - Increased continental warming rate = increased nutrient supply

#2 - Increased stratification = decreased nutrient supply

#3 - Increased remote stratification = decreased ventilation = nutrient enrichment of source waters

Rykaczewski and Dunne (2010) hypothesized that global warming will result in:

increased SST
increased

basin-scale 

stratification

reduced mixing and ventilation 

of subsurface source waters

Two qualitative hypotheses posed previously:

increased production



Bakun (1990)

increased upwelling rate

Roemmich and McGowan (1995)

increased stratification
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• increased vertical 

transport 

• increased 

nutrient supply

• decreased mixing

• decreased 

nutrient supply

vs.

What process dominates: increased winds or increased stratification?

Rykaczewski and Dunne (2010)

decreased ventilation

d
e
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• decreased 

ventilation offshsore

• increased coastal 

nutrient supply

vs.



Summary

Variability is a prominent feature of EBUS.

While we have some description for the sensitivity to large-scale phenomena like 

ENSO (at least for the Pacific EBUS), our understanding is still rudimentary.

Responses to natural occurring “warm periods” like El Niño are not necessarily a 

suitable analog for responses to future anthropogenic warming.

Ecosystems of EBUS regions:

• Have relatively persistent rates of nutrient supply.

• Have short food chains and high biological productivity.

• Are extremely valuable (and perhaps undervalued) fisheries.

If we wish to predict the future of fisheries, we must understand how 

upwelling ecosystems will respond to global warming.

The answers are not yet clear.



Thanks for your attention!


