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• > 70% of Earth’s surface is 
covered by the ocean

• Marine life is distributed in a 
patchy mosaic of 
aggregations with densities 
10s-1000s times higher than 
background levels (Benoit-
Bird 2024)

2

The ocean is 
huge! 
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GAP The Knowledge Gap

Where are things 
concentrated in the 
ocean? And why?
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Myers et al. 2000

Hotspots – regions of high endemism and biodiversity under threat from human activity (Myers, 1988)
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• > 80% of hotspot research is terrestrial biased (Briscoe et al. 2016)

• The terrestrial hotspot concept does not translate well to most marine environments due to the 
dynamic features and boundaries common in the ocean (Hazen et al. 2013) 



Filling the gap in hotspot knowledge 

1. Colloquialism vs scientific concept

2. Not always integrated effectively 
into conservation and 
management

1. Synthesize the scope of marine 
hotspot definitions and examine 
the concept’s evolution

2. Showcase how hotspots of 
predator and prey habitat could 
be useful to management  
applications

Problems Aims
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The review process
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Eutrophication & 
Acidification

(n = 4)

Socioecological
(n = 2)

Fisheries & Bycatch
(n = 24)

Ecological Impact
(31%, n = 92)

Anthropogenic
(3% n = 8)

Biophysical
(66%, n = 196)

*Diversity & Endemism
(n = 23)

Habitat
(n = 27)

Foraging
(n = 37)

Abundance/Density
(n = 73)

Nutrients & 
Biogeochemical Cycling

(n = 23)

Reproduction & 
Recruitment

(n = 9)

Mortality
(n = 6)

Bioaccumulation
(n = 9)

Warming
(n = 14)

Invasive Species
(n = 14)

Multi-risk & Threat
(n = 20)

Pollution
(n = 8)

Metabolic Production
(n = 3)
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The diversity of the marine hotspot concept



The evolution of the marine hotspot concept

First p
ap

er p
u

b
lish

ed
 fo

r each
 h

o
tsp

o
t typ

e

8

Overview

Hotspot 
Framework

Applying 
the hotspot 

concept

Takeaways

Future work



Marine Realm
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Geographic biases in hotspot research
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Sanctuary Futures
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• Species distributions are changing under climate change

• We don’t know how this will affect the spatial distributions and 
relationships of migratory predators and their prey

• Assess how effective Sanctuaries will be in the future for ~14 
managed and protected species

Elliott Hazen
S7 4:20-4:40

Steven Bograd Barb Muhling

Ryan Gasbarro
S7 3:40-4:00S2 12:10-12:30FUTURE co-chair



California’s National Marine Sanctuaries

11

• 4 National Marine 
Sanctuaries (NMS)
• Greater Farallones (GFNMS)

• Cordell Bank (CBNMS)

• Monterey Bay (MBNMS)

• Channel Islands (CINMS)
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Habitat Suitability Models of species in the California Current
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Core Habitat Threshold: 
κ - Cohen’s Kappa
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Anchovy habitat shifts NW by ~105 km
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Humpback whale habitat shifts NW by ~408 km
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• Habitat hotspots - areas with particular environmental 
characteristics that have relatively high use/occupancy by an 
individual, species, or group of species for a variety of biological 
functions (i.e., breeding, feeding, or migration). 

• Identifying Habitat Hotspots:
• Range Overlap = Apred, prey∕Aprey (Carroll et al. 2019)
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Applying the hotspot concept in a changing climate
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Visual representation of Range Overlap metric
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• Lesson from the hotspot review: 
• Few studies examined persistence (13% of ~300 studies)

• To assess persistence of humpback and anchovy overlap
• Summed the total number of days during the upwelling season (March-

August) a grid cell was an overlap hotspot for each climate projection 

• Averaged climate projections for an ensemble mean
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Persistence of overlap
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Decadal Persistence decreases in the South, increases in the North
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Mean total persistence declines in sanctuaries during upwelling 
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Takeaways

• Make an effort to speak the same language about hotspots via 
consistent definitions for future work

• Persistence is a useful tool to evaluate how effective protection 
efforts may be

• Marine spatial planning 
• identify areas best suited for future protections or dynamic management 

strategies
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What’s next?

• Assess overlap between additional predator-prey couplets:

• Conduct overlap analyses in ecologically significant areas and other 
oceanographic seasons (Davidson Current & Oceanic)

• Evaluate overlap of habitat hotspots with human use of the ocean
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