Indicators of Climate Change in California (2026)

3.7 Kelp Populations

Kelp provides ecosystem services including critical habitats for marine life and valuable
fisheries that support coastal economies, shoreline protection, and carbon storage.
While kelp forests naturally fluctuate in response to changing ocean conditions, kelp are
known for being resilient. This changed during the unprecedented 2014-2016 marine
heatwave, when unusually warm ocean conditions, sea star wasting disease, and a
rapid expansion in sea urchin populations combined contributed to widespread kelp
loss. Climate change is expected to increase the frequency and intensity of marine
heatwaves, increasing the likelihood of these types of ecosystem disturbances.
Northern California’s bull kelp canopy area declined by 95% and has yet to recover.

Figure 3.7.1. Annual Maximum Kelp Area.
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This figure shows the annual maximum area (km?) covered by kelp for Northern, Central, and
Southern California regions. Bull kelp was the dominant species in forests of the Northern
region, while giant kelp dominates the Central and Southern regions. Source: Bell et al. (2026)

What does the indicator show?
Kelp is a large brown alga that grows in dense stands reaching the surface, creating

kelp forests in cold, shallow coastal waters. Satellite imagery dating back to 1984 shows
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variability but overall resilience in kelp canopy areas across the state prior to the
unprecedented Northeast Pacific marine heatwave that began in 2014 and persisted
through 2016. The heatwave coincided with and was further intensified by the 2015-
2016 El Nifo, resulting in prolonged periods of unusually warm ocean conditions
(Figure 3.7.1; Bell et al., 2020; California Ocean Protection Council, 2021; Reed et al.,
2011). The marine heatwave had variable effects on kelp in each of California’s major
geographic regions: Northern California (California/Oregon border to San Francisco
Bay), Central California (San Francisco Bay to Point Conception), and Southern
California (Point Conception to the California/Mexico border, including the Channel
Islands) (see map of regions in Figure 3.7.2). Bull kelp is an annual species and the
dominant kelp in Northern California. Northern California represents the southern extent
of this species’ range and is where the bull kelp forests experienced a greater than 95%
loss in canopy from 2013 to 2014 (Rogers-Bennett and Catton, 2019; Bell et al., 2026).
Giant kelp is a perennial species and the primary kelp species in Central and Southern
California. These regions encompass the center and northern extent of the species’
range. Giant kelp forests in central California have exhibited patchy declines prior to
2014, with low years in the late 1990’s and again in recent years (2020-2025). The
marine heatwave generally had minimal effects on giant kelp forests in Southern
California. However, in recent years (2020-2025), giant kelp canopy areas have been
below average, similar to cases observed in central California (Cavanaugh et al., 2019;

California Ocean Protection Council, 2021).
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Figure 3.7.2. Bull Kelp and Giant Kelp.
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The photos show vibrant kelp forests along the coast of California: bull kelp on the left and giant
kelp on the right. Kelp forests provide critical ecosystem services such as harboring endangered
or commercially important species, sequestering carbon, preventing shoreline erosion, and
oxygen production. Left photo by Chad King/Monterey Bay National Marine Sanctuary/NOAA,;
right photo by Velvetfish/istock

Why is this indicator important?

Kelp forests are among the most productive and biodiverse ecosystems on the planet.
In combination with their proximity to the shore, the productivity and biodiversity of these
ecosystems generate a wide range of ecosystem services including supporting (e.g.,
primary production, habitat), regulating (e.g., water flow, coastal erosion), provisioning
(e.g., commercial and recreational fisheries), and cultural (e.g., recreational, artisanal)
service (Malone et al., 2022). Kelp forests help mitigate ocean acidification by utilizing
large amounts of dissolved carbon dioxide (COz2) from seawater during photosynthesis,
creating local, less-acidic refuge that protect shellfish and other marine life. Globally
they are estimated to fix as much as twice the carbon fixed in Canada’s boreal forests
(Duarte et al., 2022).

Both giant kelp (Macrocystis pyrifera), which dominates in southern and central
California, and bull kelp (Nereocystis luetkeana), which dominates in northern
California, are foundation species that provide a variety of ecological functions. Kelp
forests form complex three-dimensional habitats and host a diverse wide array of

invertebrates, fishes, marine mammals, and birds. Kelp is an important food source for

Kelp Populations Page 111-98
_—




Indicators of Climate Change in California (2026)

herbivores and detritivores and underpins nearshore food webs (California Ocean
Protection Council, 2021). Additionally, kelp plays an important role in coastal nutrient
cycling, offshore provisioning of deep kelp falls (Britton-Simmons et al., 2009), and may
help to mitigate ocean acidification at local scales (Steneck et al., 2002; Springer et al.,
2010; Carr and Reed, 2016; Miller et al., 2018; Nielsen et al., 2018; Hirsh et al., 2020;
Lamy et al., 2020) while having limited potential to buffer shorelines against waves

during storms (Elsmore et al., 2024).

Declines in kelp populations are a key indicator of climate-driven changes affecting
California’s coastal marine ecosystems. Because kelp responds rapidly to changes in
ocean temperature, nutrient availability, and marine heatwaves, long-term changes in
kelp canopy reflect the cumulative effects of warming oceans and associated ecological
disturbances, such as disease outbreaks and shifts in predator-prey interactions (see
the Coastal Ocean Temperatures chapter for more information on nearshore warming
along the coast). Other species also show the impacts of warming such as the
nudibranch (a shell-less sea snail) found in California called Phidiana hiltoni that has
expanded its range north along the California coast in response to warming ocean
conditions (OEHHA, 2018). Population declines in other nudibranch species have
occurred at Duxbury Reef, located north of San Francisco, where particularly high
densities of P. hiltoni have been observed (Goddard et al., 2011). These declines
appear to have resulted from P. hiltoni preying on other nudibranchs and competing for
common prey species. The range shift of these predatory species may be disrupting
food webs and altering community composition at sites along the California coast where

its populations are dense.

Kelp is also critical to the well-being of California’s coastal residents and the state’s
coastal economy. California’s indigenous peoples, who have inhabited and stewarded
the coast for millennia, continue to rely on kelp forest ecosystems for food, medicine,
and ceremony. Kelp supports a variety of commercially and recreationally important
fisheries, including recreational red abalone (Haliotis rufescens), commercial red sea
urchin (Mesocentrotus franciscanus), and groundfish, including rockfishes (Sebastes
spp.) (California Ocean Protection Council, 2021). Kelp is an important food source and

habitat for many of these species. Following the decline of the bull kelp forest in
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northern California, red abalone populations experienced widespread starvation and
declines in abundance, contributing to the closure of California’s recreational red
abalone fishery in 2018, which had generated more than $44M USD for the local
economy (Reid et al., 2016). Commercial red sea urchin divers were also similarly
affected as urchins had reduced marketable roe production due to the loss of kelp food

resources, resulting in federal disaster relief declarations.

What factors influence this indicator?

Factors such as ocean temperature, nutrient availability, pollution, disturbances from
large waves, and grazing from sea urchins strongly influence kelp growth and
persistence. Cool, nutrient-rich waters typically promote strong kelp recruitment and
rapid growth, while warm, nutrient-poor conditions can reduce productivity and increase
mortality (Garcia—Reyes et al., 2022). Physical disturbances such as large waves and
storms can remove kelp from the seafloor, and intense grazing by sea urchins can
transform kelp forests into persistent “urchin barrens”. The limited recovery of kelp
across much of northern California has been linked to a widespread ecosystem
transition toward urchin barrens (NOAA, 2020; Rogers-Bennett and Catton, 2019).

Between 2013 and 2014, more than 95% of bull kelp along northern California’s
coastline disappeared, accompanied by a surge in kelp-eating purple sea urchins
(Strongylocentrotus purpuratus) and densities continue to remain high. Significant kelp
declines also occurred along portions of the central and Southern California coast,
including the Monterey Peninsula. Purple sea urchins proliferated in response to the
loss of their natural predators, the sunflower sea star (Pycnopodia helianthoides), due to
a sea star wasting disease (Gravem et al., 2021) linked to a bacterium (Prentice et al.,
2025). Anomalously warm ocean temperatures were associated with greater morbidity
of sunflower stars from this disease (Harvell et al., 2019) but the onset of the disease

occurred prior to ocean warming.

At the same time, the 2014-2016 marine heatwave created unusually warm, nutrient-
poor conditions (Garcia-Reyes et al., 2014) that stressed kelp populations (McPherson
et al., 2021; Rogers-Bennett and Catton, 2019). Together, the marine heatwave, sea

star wasting disease, and increased sea urchin grazing shifted large areas of the
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ecosystem from kelp forests to persistent sea urchin barrens, limiting recovery even
after ocean temperatures moderated. Notably, kelp in marine protected areas (managed
regions where fishing and other types of human disturbances are limited) off the
California coast initially rebounded more quickly than other kelp after the 2014-2016
marine heatwave. This rebound effect was most pronounced in Southern California,
likely because predators may have kept sea urchin populations in check, reducing
grazing pressure on kelp. In Southern California, populations of grazing sea urchins
may be regulated by predatory fish and California spiny lobster (Panulirus interruptus)
that are rare elsewhere in California (Ortiz-Villa et al., 2025). In Central California, the
southern sea otter (Enhydra lutris) is an important sea urchin predator (Smith et al.
2021) also not found elsewhere in California following the historic fur trade—sea otters
have been absent from most of the Pacific Coast for more than 100 years, since their
near extinction following the maritime fur trade in the 1700s and 1800s (US FWS,
2026).

Figure 3.7.3. Kelp Forest and an Urchin Barren in California.
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The photo on the left shows a vibrant California kelp forest. The photo on the right shows an
urchin barren caused by urchins overgrazing on kelp and consequently, converting the kelp
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forests into sea urchin barrens. Credit: Left photo by Monterey Bay National Marine Sanctuary
Foundation. Right photo by David Witting (NOAA). Source: SeaGrant California.

Technical considerations

Data characteristics

The proportional cover of emergent kelp canopy (i.e., the amount of kelp canopy that is
directly floating at the surface of the ocean, hereafter referred to as kelp canopy area)
was estimated with Landsat satellite imagery from 1984 to the present. Atmospherically
corrected 30 meters (m) resolution multispectral imagery was used from five Landsat

sensors: Landsat 4, Landsat 5, Landsat 7, Landsat 8, and Landsat 9.

Poor-quality observations, including cloud coverage, were identified and removed. For
each month, enough imagery was collected so that each pixel in the study area was
covered at least five times. Land areas were masked out using a digital elevation model

produced by the USGS Coastal National Elevation Database.

Strengths and limitations of the data

Satellite imagery is a powerful tool for monitoring the distribution of canopy-forming
kelps and studying the drivers that control their abundances. The Landsat data spans
the period from 1984 to the present and covers multiple global regions including the
majority of North America's west coast, Argentina, Southern Africa, and Peru, and is

incrementally growing to cover kelp habitat worldwide (Bell et al., 2026).

Satellite imagery provides a valuable tool for monitoring the distribution of canopy-
forming kelps and studying the drivers that control their abundances. Canopy-forming
kelps are distinctive when viewed from above, particularly in the near infrared spectral
region, and suitable for remote mapping (Jensen et al., 1980; Deysher, 1993). Satellite
platforms such as Landsat and Planet support the monitoring of kelp forests on local to
global spatial scales and allow for historical comparison on seasonal to decadal time
scales (Bell et al., 2026).

While Landsat data are highly effective in detecting long-term regional trends, local-
scale applications might require higher resolution data to detect sparse and/or fringing

kelp patches (Cavanaugh et al., 2026; Hamilton et al., 2020). For example, areas very
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close to shore or offshore rocks (typically within one Landsat pixel; ~30 m) or areas that
are exposed during low tide will be removed by the land-masking procedure and thus
the kelp canopy area within these pixels will not be measured. Additionally, areas with
sparse kelp canopy may not be detected by the classifier. For example, Hamilton et al.
(2020) performed a miss rate analysis for bull kelp canopies in Oregon and found that
pixels with less than 10% canopy cover were often missed, while pixels with greater
than 15% canopy cover were rarely missed. Local-scale analyses that require a census
of all fringing/sparse canopies or a determination of kelp species should investigate
other imaging methods that provide high spatial resolution imagery, such as aerial
overflights or unoccupied aerial vehicles (i.e., drones). These methods may also be able
to provide data acquired at specific tidal states that may be useful to some research
applications (Bell et al., 2026). Overall, the long time series of satellite imagery of kelp
canopy provides a robust tool for assessing the health of California’s kelp and their
associated kelp forest ecosystem. As such, this metric serves as an invaluable indicator

of ocean health during a period of unprecedented change.
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