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Ocean warming undermines the resilience of New 
England kelp forests following a trophic cascade



Why are kelp forests important?

Photo: Brian Skerry / National Geographic



> Drivers of kelp forest change over space and time

Species interactions

Direct and indirect 

effects of climate 

change





> Historically, Maine’s kelp forests were widespread, and 
predator-dominated



Kelp forests Urchin barrens

> With overfishing, a trophic cascade ensued, causing deforestation
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Kelp forests Urchin barrens

> Another cascade ensued, reforesting the region by early 2000’s

Kelp forests





Photo: Brian Skerry / National Geographic

Have forests changed over the past 20 years?
If so, what factors are responsible?



Photo: Brian Skerry / National Geographic



> Urchins were generally rare from 2001-2018



> Recent kelp forest   
trajectories



> Drivers of change – our modeling approach

𝑙𝑜𝑔𝑖𝑡 ෢𝑘𝑖𝑗𝑡 = β0 + β1 𝑢𝑖𝑗𝑡– ഥu𝑗 + β2 𝑠𝑗𝑡– ഥ𝑠𝑗 + β3 𝑙𝑗𝑡– ഥl𝑗 + β4 ഥu𝑗  +  β5 ഥ𝑠𝑗  +  β6
ഥl𝑗  +  α𝑗  +  α𝑡 

Photo: Brian Skerry / National Geographic



> Results of model, and underlying mechanisms

Drivers of kelp decline:

• Unusually warm spring temperatures

• Unusually warm summer temperatures the year prior

• Abnormally high sea urchin densities 

 (in a few select places and years)

Photo: Brian Skerry / National Geographic



> Changes to “understory” algal community



> The rise of algal turfs and ecological feedbacks

Filbee-Dexter and Wernberg 2018, Bioscience



Introduced species

Arrival of species 

from the south

> Range shifts are unfolding real-time

Loss of subarctic kelps and 

understory algae



> Recap of key findings

• Sea urchins remain scarce in the ecosystem

• Theory and history predict herbivore removal should have led to a 
lasting dominance by kelp – the ecosystem’s foundation

• Instead, the outcomes were (1) a waning dominance of kelp (north) 
or (2) an ecosystem state shift to other, diminutive algae (south)

• Such changes are primarily due to unusually warm temperatures in 
both the spring and summer



Broader Implications

Photo: Brian Skerry / National Geographic
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Questions?



Kelp forests Urchin barrens

Kelp forests v. 2.0

Time

Turf reef

South

North

Central





> Global kelp forest change over past 50 years

Krumhansl et al. 2016, PNAS
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