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1. Summary 

Seamounts are massive 

underwater volcanoes that 

support incredible levels of 

biodiversity. These extremely 

productive features act as oases 

in the often sparsely populated 

deep sea, supporting high 

abundances of benthic (Figure 1) 

and pelagic organisms including 

corals, sponges, anemones, crabs, 

fish, sharks, seabirds, turtles, 

whales, dolphins. Californian 

seamounts stand poised at a 

critical conservation junction. 

With the advent of new 

technology and increasing 

commercial interest in the deep sea, a barrage of threats including fishing, oil and natural gas 

extraction, seafloor mining, and climate change endanger these fragile ecosystems. Despite the 

high potential to lose these seamount ecosystems in the coming decades they are shockingly 

bereft of protection, making effective and long-term conservation planning critical for saving 

these habitats before they are irrevocably damaged. In this report, we provide a general overview 

of the 63 seamounts in California waters with a focus on their environmental conditions, biology, 

sensitivity to anthropogenic threats, and conservation status.   

2. Introduction to Seamounts 

 

2.1 Seamount Characterization 

Seamounts are massive underwater volcanoes that occur in every ocean basic across the 

planet. They are traditionally characterized as a discrete underwater terrain feature that extends 

higher than 1,000 m off the seafloor and is approximately conical (length:width ratio <2) in form 

(IHO 2008). While some recent studies have attempted to classify much smaller features (as 

small as 50-100 m in height) as seamounts, this approach creates significant issues. These 

smaller features do not exert the same control on the current regime and other oceanographic 

factors that large seamounts do, and should not be expected to play an equivalent role in the 

broader ocean ecosystem. In addition, they are much more difficult to discern from most 

methods of predicting the global distribution of seamounts, which often relies on the use of 

satellite altimetry data. Therefore, smaller submarine volcanoes less than 1,000 m tall are 

typically characterized as knolls, and features less than 500 m tall are typically referred to as 

hills. The most recent global seamount census identified 10,234 seamounts (including 283 

guyots) covering 2.2% of the seafloor (7,859,200 km2) (Harris et al. 2014; see Section 3.1 of this 

report for an overview of global estimates and methodology). As of 2010, fewer than 300 

seamounts have been sampled, limiting our ability to understand and conserve these important 

habitats (Rowden et al. 2010).   

 

Figure 1.1: A diverse assemblage of benthic organisms on a sponge 

garden at Mendocino Ridge. Image courtesy of NOAA.  
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2.2. Seamount Formation 

 Seamounts are volcanic in origin. They occur more frequently than terrestrial volcanoes, 

and are generally much taller. Most are created on oceanic crust either on spreading ridges, 

subduction zones, or on the interior of plates over mantle hotspots. Seamounts typically follow a 

geologic pattern of initial growth, subsequent volcanic activity, subsidence (sinking), and 

eventually extinction (cessation of volcanic activity). As lava erupts on the deep seafloor, a 

seamount typically begins to grow with axial symmetry (i.e., the typical cone-shape commonly 

observed in terrestrial volcanoes), but large seamounts often lose this shape and become more 

ridge-like as the uneven distribution of stress leads to rifting and fissure eruptions outside the 

primary cone. The vast majority of seamounts are comprised primarily of basaltic rock, although 

a small minority are formed from serpentine mud (generally termed ‘mud volcanoes’; Fryer 

1992) and the uplift of oceanic crust (Schmidt and Schminke 2000). 

The growth of a seamount can stem from a variety of types of volcanic activity. At 

oceanic spreading centers where tectonic plates are diverging apart from each other, magma 

escapes and cools in the cold seawater, creating submarine volcanic rock formations that grow 

larger with each subsequent eruption. Mid-ocean spreading centers typically produce a number 

of relatively small seamounts, with their abundance roughly correlating with the spreading rate 

(White et al. 1998). Other seamounts form near subduction zones, where tectonic plates are 

converging and one plate slides under the other. The subducted plate begins to melts as it moves 

towards Earth’s hot interior, creating hot magma that bubbles its way up to the seafloor, erupting 

and giving birth to a feature known as an island arc seamount (Cloos 1993). Large seamounts 

often form in the interior of plates. These intraplate seamounts typically form at hotspots, areas 

where super-hot magma plumes burst through the oceanic crust. As the oceanic crust moves 

across the hotspot a series of volcanoes forms, giving rise to some of the long seamount chains 

observed today such as the Hawaiian-Emperor Chain (Tarduno et al. 2003). Rarer types of 

intraplate seamount that did not form over a hotspot also exist. Instead, these seamounts are 

believed to have formed when magma forced its way through ancient spreading centers in part 

due to decompression melting, a process in which the Earth’s mantle melts as it moves upwards 

through the crust due to rapid decreases in pressure (Davis et al. 2002).  

Large seamounts may eventually grow tall enough to breach the surface of the ocean and 

become islands. These islands often continue to grow due to subsequent volcano eruptions into 

the atmosphere, but like all seamounts they will eventually sink. Seamounts are so massive that 

they cause the ocean crust beneath them to flex and compress, leading to the subsidence of the 

entire feature (Detrick et al. 1978). The crust below seamounts can also cool if volcanic activity 

ceases or significantly slows, resulting in thermal contraction that causes further subsidence. For 

seamounts that were once islands, the winds and waves they were exposed to can erode their 

summits into flat tops. These seamounts are known as guyots, named after the Swiss geographer 

Arnold Guyot. They are relatively rare in our oceans – scientists estimate that there are almost 

10,000 seamounts, but only 283 guyots (Harris et al. 2014). 
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2.3 Physical Oceanographic Effects 

 Seamounts exert strong influences on both local and global current regimes, and 

generally have enhanced hydrodynamic activity compared to the surrounding seafloor. Due to 

their size and shape in the water column, they have a strong influence on the hydrodynamic 

regime in ways that are often favorable for a plethora of marine life. Seamounts accelerate ocean 

currents, generate surface and internal waves, form strong eddies, increase upwelling, and 

amplify tides and mixing (Lueck and Mudge 1997). As massive structures extruding high into 

the water column, they generate sufficient friction to convert solar and lunar tidal forces into 

internal tides – waves below the surface of the ocean that typically occur along the boundary 

between layers with different densities. These internal tides increase vertical and lateral ocean 

mixing by introducing turbulence, and play a major role in both local and global circulation 

patterns (Garrett 2003). Seamounts also create (Royer 1978) – and sometimes destroy (Herbette 

et al. 2003) – eddies, circular ocean currents. The extent to which a seamount exerts a force on 

circulation patterns is dependent primarily on its height in the water column, depth of its summit, 

morphology, local oceanographic conditions (current flow, temperature, salinity, etc.), and to a 

lesser degree, its hydrothermal activity (Lavelle and Mohn 2010). One of the most ubiquitous 

circulation patterns observed on seamounts is the Taylor cap (also known as a Taylor column or 

cone), a stationary circulation pattern that can concentrate and retain food and larvae over the 

seamount. Depending on the conditions, seamounts can also generate significant downwelling 

over their summits due to the creation of closed vertical circulation cells, and/or promote 

enhanced upwelling along their flanks (Eriksen 1991). The height above the summit that is 

subjected to these “seamount effects” can vary from the order of hundreds to thousands of meters 

up through the water column (Roden 1987), and in some seamounts has been found to increase 

primary productivity by as much as 60% (but typically only 5–10%; Pitcher et al. 2007) by 

transporting and retaining nutrient rich water.  

Seamounts also significantly alter local currents, often enhancing current flow across 

steep slopes, pinnacles, and canyons, while blocking stronger currents from reaching depressions 

and flat areas. These local current alterations can have significant influences on the distribution 

of benthic organisms across a single seamount. Many studies have found that suspension feeders, 

including cold-water corals and sponges, have strong preferences for steep, elevated terrain 

features that experience accelerated current flow (e.g. Georgian et al. 2014; Rowden et al. 2017).   

2.4 Benthic Seamount Ecosystems 

The deep sea comprises the largest environment on the planet, but its expansive 

ecosystems remain largely unexplored. Deep-sea habitats below 200 m account for 90% of the 

world’s oceans by both volume and area (Armstrong et al. 2012) and cover approximately 65% 

of the earth’s surface (Danovaro et al. 2010). Despite decades of intensive research, less than 

0.0001% of the deep sea has been directly surveyed (Gjerde 2006). The deep sea provides a 

number of direct and indirect ecosystem services including the provisioning of oil and gas, 

minerals, and living resources (e.g., fishery species and biochemical compounds), waste 

disposal, climate regulation, and cultural services including education, scientific research, public 

interest, and tourism (reviewed in Armstrong et al. 2012).  

 Seamounts support a wide array of marine life, creating hotspots of biodiversity in 

otherwise sparse areas of open-ocean and deep-sea environments. In part, this stems from the 
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large effects that seamounts exert on the physical environment in their vicinity (see Section 2.3). 

This suite of current alterations enhances food and nutrient supply to benthic suspension feeders, 

removes waste products, reduces sedimentation, transports larva, and enhances primary 

productivity near the surface (and therefore export productivity to the seafloor) (Rogers 1994; 

White et al. 2007). A wide variety of benthic ecosystems are associated with seamounts, often 

founded on the three-dimensional habitat structures created by cold-water corals and sponges. 

Cold-water corals and sponges are critical foundation species in the deep sea and 

frequently occur on seamount habitats. These organisms provide vital ecological services 

including the creation of complex habitat structures (Cordes et al. 2008), the alteration of local 

hydrodynamic conditions (Dorschel et al. 2007; Mienis et al. 2009), carbon sequestration (van 

Weering et al. 2003), and nutrient and carbon cycling (van Oevelen et al. 2009). As a result, 

deep-sea coral and sponge communities house a large diversity of associated organisms (Costello 

et al. 2005; Roberts et al. 2006) and act as important habitats and nurseries for commercially 

important fish (eg. Baillon et al. 2012). Many cold-water corals are extraordinarily long lived, 

with many species living hundreds to thousands of years (Roark et al. 2009; Roberts et al. 2009). 

Deep-sea sponges are the oldest known animals in the world, with one specimen estimated to 

have lived for 11,000 years (Jochum et al. 2012). This extreme longevity, coupled with slow 

growth rates (Roberts et al. 2009), limited dispersal ability (Brooke and Stone 2007), low 

reproductive outputs (Orejas et al. 2002), and high mortality rates of new recruits (Doughty et al. 

2014) makes it difficult or even impossible for these communities to fully recover from 

significant disturbances (Prouty et al. 2011; Van Dover et al. 2014). 

 In addition to the factors that drive enhanced biodiversity on seamounts, their isolated 

nature can drive speciation and gives rise to endemic species (Rogers 1994; de Forges et al. 

2000) that are not found on similar ridges or escarpments, or even on neighboring seamounts 

(but see Lundsten et al. 2009). On average approximately 20% of seamount species are 

considered to be endemic to seamounts (Stocks and Hart 2007). While the enhanced current 

flows past seamounts may increase the transport of larva in some cases, Taylor columns can trap 

larva in circular eddies, effectively geographically isolating the seamount from even closely 

neighboring areas (Mullineau and Mills 1997). Due to the lack of extensive field surveying 

throughout the deep sea, it is likely that many seamounts house currently undiscovered, endemic 

species – meaning that extensive habitat destruction on even one seamount could potentially 

result in the loss of a species or subspecies. 

 

2.5 Pelagic Seamount Ecosystems 

In addition to the diverse benthic communities often found on seamounts, a wide variety 

of pelagic organisms also rely on seamount habitat, including tuna, billfish, sharks, sea turtles, 

seabirds, and marine mammals (Sedberry and Loefer 2001; Waring et al. 2001; Santos et al. 

2007; Morato et al. 2008; Morato et al. 2010). Seamounts have dramatic effects on the ocean 

currents around them (see Section 2.3); these altered current systems frequently enhance and 

concentrate the supply of nutrients, food, and larvae above seamounts (Morato et al. 2010). As a 

result, the waters overlying seamounts are often oases with higher than normal productivity 

(Worm et al. 2003) and a significantly higher species diversity within 40 km of their summits 

(Morato et al. 2010). The enhanced productivity and retention of food sources above seamounts 

appears to favor species at higher tropic levels, resulting in large aggregations of pelagic 

predators (Genin 2004). In addition, seamounts are important aggregating locations for migratory 

species including sharks, billfish, teleost fish, and whales (Tsukamoto 2006; Pitcher et al. 2007; 
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Morato et al. 2008). In some cases, the strong magnetic signature of seamounts allows these 

migratory species to more effectively navigate the open ocean and provides a method for species 

with large open ocean ranges to meet for mating (e.g., Klimley 1993). The enhanced productivity 

and navigation utility of seamounts results in a large number of pelagic species – including many 

commercially important species – using them as nurseries, feeding grounds, migratory pathways, 

and mating grounds. 

 

2.6 Socioeconomic Importance of Seamounts 

 Seamount habitats provide a large number of ecological services that have direct 

socioeconomic benefits. Quantifying the economic value of marine environments is difficult, 

especially in deep-sea environments where the benefits to humans may be more indirect and less 

tangible than in other marine systems. Folkersen et al. (2018) assessed a range of deep-sea 

valuation attempts and concluded that it is “impossible to estimate the (total) value of the deep-

sea in monetary terms…”. Nonetheless, economic valuation of habitats can be a useful tool to 

help decision makers compare competing management strategies by contextualizing the value of 

an ecosystem in a comparable framework. Few attempts have been made to estimate the value of 

seamount ecosystems, however Ressurreição and Giacomello (2013) recently estimated the 

economic value of the Condor Seamount in the Azores. They focused their valuation on human 

activities with direct economic outputs and assessed the total revenue for each: tuna fisheries 

(€15,259), whale watching (€5,280), demersal fisheries (€431,723), scientific research 

(€343,757), shark diving (€194,111), big-game fishing (€61,040), and scuba diving (€3,240). 

They stress that their valuation was limited and likely underestimated the intangible and indirect 

benefits associated with the full ecological services provided by the seamount. However, they 

were able to conclude that non-extractive uses of the seamount were far more economically 

valuable than previously realized. Although this study has not been repeated for other seamounts, 

it is sensible to consider the economic value of all uses when investigating tradeoffs and 

management rationales.  

When making an economic determination between conservation and resource extraction, 

it is important to also apply the precautionary principle: until we are fully aware of the 

uncertainties associated with action that may cause harm, it is judicious to wait to act until there 

is an appropriate degree of certainty. In the case of seamounts, we often have only explored a 

small fraction of the total habitat and cannot fully assess the value of the ecosystems and the 

functions and services they provide. It is also important to note that once damaged, these 

ecosystems may not recover in our lifetime, and that ecological restoration efforts are likely to be 

cost-prohibitive or technologically infeasible in deep-sea habitats (Van Dover et al. 2014). 

 

2.7 Anthropogenic Threats to Seamounts 

The advent of improved technology to explore and study deep-sea ecosystems has also 

exposed the substantial damages already being incurred by human activity. Some of the largest 

documented damages to seamount habitats have occurred as the result of bottom trawl fisheries 

(Puig et al. 2012; Pusceddu et al. 2014), which cause extensive physical damage to benthic 

environments. Deepwater coral and sponge reefs are often targeted for trawling due to their high 

abundances of commercially fished species (Hall-Spencer et al. 2002), in some regions severely 

damaging 30-50% of surveyed reefs (Fosså et al. 2002). With the collapse of many coastal and 

shelf fisheries, the industry has progressively targeted deeper species (Koslow et al. 2000), 

resulting in considerable losses in the richness, diversity, and abundance of deep-sea 
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communities (Cryer et al. 2002). In addition to direct physical damage, bottom trawling 

resuspends sediments that can smother benthic filter feeders including cold-water corals and 

sponges even outside of the trawled area (Palanques et al. 2001). While the majority of 

documented damages have resulted from bottom trawling practices, long-line fishing gear has 

also been observed to disturb deep-sea habitats (Orejas et al. 2009). In the North Pacific Ocean, 

bottom trawling has largely been restricted to more coastal, shallow waters (generally <2,000 m), 

while long-line fishing has occurred throughout the region (Figure 2.1).  

In future oceans, it is predicted that the effects of anthropogenic climate change will pose 

a significant threat to deep-sea ecosystems around the world (e.g., Guinotte et al. 2006), as more 

acidic, warmer, deoxygenated, and food-limited conditions become increasingly prevalent (Mora 

et al. 2013). Cold-water corals in the Pacific Ocean already grow in waters with low aragonite 

and calcite saturation states (Thresher et al. 2011; McCulloch et al. 2012; Jantzen et al. 2013). 

Ocean acidification is projected to significantly reduce aragonite and calcite saturation states 

(Feely et al. 2012), making it difficult or impossible for corals to continue to calcify and create 

reef structures (Turley et al. 2007). As deeper waters warm (Mora et al. 2013), marine organisms 

may exhibit reduced calcification rates (Georgian et al. 2016), altered metabolic activity (Dodds 

et al. 2007), and changes in gene expression (Carreiro-Silva et al. 2014). Climate change is also 

expected to result in the decreased export of particulate organic carbon to the seafloor and 

reduced dissolved oxygen levels (Mora et al. 2013), which may hamper the ability of organisms 

to metabolically compensate for other stressors (Georgian et al. 2016). 

Resource extraction from the seafloor also poses a significant threat to deep-sea 

ecosystems. Oil and natural gas exploration and extraction activities have a number of 

detrimental effects in the deep sea, ranging from large-scale disturbances from spills and 

resulting cleanup efforts (Fisher et al. 2014), and smaller-scale but chronic disturbances from 

small oil leaks, drill tailings, and weighting agents (Larsson and Purser 2011). The exploration 

and extraction of deep-sea minerals threatens to physically damage large swaths of the seafloor 

in a similar fashion as bottom trawling (reviewed in Boschen et al. 2013). While still in its 

infancy, deep-sea mining may soon affect areas such as the cobalt-rich seamounts in the 

Hawaiian Seamount Chain (Schlacher et al. 2013).   

Marine organisms are a key focus of bioprospecting: the search for and commercial 

development of valuable natural compounds. Because the ratio of possibly valuable natural 

compounds to compounds screened is greater in marine-sourced materials, marine 

bioprospecting has a higher probability of commercial success. Most major pharmaceutical firms 

Figure 2.1. Global fishing effort (hours per km2) for all gear types (left) and bottom trawling (right). Figures 

are from Kroodsma et al. (2018).  
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have marine research programs (Arico and Salpin 2005), and bioprospectors have shown a 

special interest in species with unique traits that allow them to endure extreme environmental 

conditions, such as those living on seamounts and other deep-seabed ecosystems (Thornburg et 

al. 2010). Scientific research in these extreme environments will likely increase as technology 

advances and becomes more available, potentially resulting in the oversampling of some 

communities.  

3. Characterizing California’s Seamounts 

 

3.1 Seamount Survey Methodology 

Despite their massive size, the sheer area of unexplored seafloor and historic paucity of 

accurate bathymetric data has made simply estimating the global number of seamounts a 

significant challenge. Confounding these efforts has been the shifting definition of ‘seamount’ 

across different studies; historically defined as volcanic features rising more than 1 km above the 

seafloor, some studies have attempted to delineate features as small as 50-100 m as seamounts. A 

number of studies have estimated the global distribution of seamounts using the best-available 

satellite bathymetry (Table 3.1; Menard 1959; Jordan et al. 1983; Craig and Sandwell 1988; 

Wessel 2001; Kitchingham and Lai 2004; Hillier and Watts 2007; Wessel et al. 2010; Kim and 

Wessel 2011; Yesson et al. 2011; Harris et al. 2014). 

The most straightforward method to identify seamounts is by using bathymetry data at an 

appropriate resolution and accuracy to resolve the size and morphology of even small seamounts. 

However, only a small portion of the ocean has been mapped in any detail (10% of the seafloor 

at a resolution of 1-minute; Becker et al. 2009). Early studies used a manual approach based on 

existing bathymetric profiles of the seafloor, extrapolating from the seamounts found in the area 

examined to a global estimate (e.g., Menard 1959). Other studies have used similar, albeit more 

sophisticated, approaches by extrapolating from the seamounts uncovered in single-beam 

echosounder surveys (Jordan et al. 1983) or from multi-beam bathymetry collected along narrow 

swaths along ship tracks (Hillier and Watts 2007). Modern mapping efforts generally use various 

forms of satellite altimetry, usually relying on the remote sensing of gravity anomalies. This 

approach benefits from the full global coverage of the dataset, but has limits in the size of 

seamounts that can be detected due to the course resolution of the data. Accordingly, global 

estimates of seamounts have varied considerably, with estimates ranging from approximately 

8,000 to over 125,000 seamounts taller than 1 km worldwide (see Figure 3.1).  

 
Table 3.1: Brief overview of the history of global seamount estimates. Number of seamounts are reported only for 

features greater than 1 km in height for studies that assessed multiple size groups.  

Study Method No. of Seamounts 

Menard (1959) Extrapolation from manual counts derived from existing 

bathymetric profiles 

10,000 

Jordan et al. (1983) Extrapolation from single-beam bathymetry 30,000-50,000 

Craig and Sandwell (1988) Satellite altimetry 8,556 

Kitchingman and Lai (2004) Global digital elevation map 14,287 

Hillier and Watts (2007) Bathymetry along ship tracks 40,076 

Wessel (2001) Satellite altimetry 11,880 

Wessel et al. (2010) Satellite altimetry 125,000 

Kim and Wessel (2011) Satellite altimetry 8,458 
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Yesson et al. (2011)* Global digital elevation map derived from a satellite-

gravity model 

33,452 

Harris et al. (2014)* Global digital elevation map derived from a satellite-

gravity model 

10,234 

*Databases used in this study. 

 

In this report, we relied on the more recent global seamount estimates in Yesson et al. 

(2011) and Harris et al. (2014). Both studies relied on the most up-to-date global seafloor digital 

elevation map, SRTM30+ (with a resolution of 0.0083° or approximately one kilometer at the 

equator) (Smith and Sandwell 1997; Becker et al. 2009), which is largely based on satellite 

altimetry but also incorporates multi- and single-beam echosounder data where available. Harris 

et al. (2014) applied a more stringent algorithm to delineate seamounts based on their size (>1 

km in height) and morphology (they required an approximately conical shape). The authors 

identified 9,951 seamounts and 283 guyots. In contrast, Yesson et al. (2011) identified 33,452 

features as seamounts. Approximately 89% of the Yesson et al. (2011) seamounts were also 

identified by Harris et al. (2014). However, only 45% of the Yesson et al. (2011) seamounts were 

determined to be seamounts in Harris et al. (2014), suggesting that the 2011 study overestimated 

the correct number. A large portion of the seamounts identified by Yesson et al. (2011) were 

characterized as ridge features in Harris et al. (2014), suggesting that the 2011 study correctly 

identified complex and large topographical features, but failed to differentiate seamounts and 

other seafloor features based on their morphology. We attempted to include as many probable 

seamount features from both datasets as possible, while excluding obvious errors. In addition, we 

adjusted the number of seamounts based on a manual inspection of the underlying bathymetry 

data. For example, we manually removed several seamounts originating from the Yesson et al. 

(2011) database that were ridge-like in structure, but included several not found in Harris et al. 

(2014), which sometimes grouped neighboring summits as a single seamount. As more accurate 

and precise data are collated, and as algorithms for identifying seamounts continue to improve, 

we expect that the predicted number of seamounts in California waters will change.    

 



 California Seamounts 12 

 

3.2 Distribution 

The United States is home to more seamounts than any other country. Its exclusive 

economic zone (EEZ) contains approximately 7.3% of the world’s seamounts (743 in total), 

covering an area of more than 667,500 km2. Globally, the majority of seamounts exist outside 

national jurisdiction however, with more than 58% of seamount habitats occurring outside of 

national EEZs.  

Figure 3.1: Global distribution of seamounts according to Yesson et al. (2011), Kitchingman and Lai (2004), and 

Harris et al. (2014). See Table 3.1 for the total numbers of seamounts estimated in each study. 
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Within California waters, there 

are an estimated 63 seamounts (Figure 

3.2; see Section 3.1 for calculation 

methodology). The average summit 

depth of California seamounts is 1,994 

m, with a minimum depth of 30 m and 

a maximum depth of 4,218 m (Table 

3.2). Compared to other ocean basins, 

the North Pacific holds the most 

seamounts (3,934 seamounts, 40% of 

the global total), with California waters 

holding 1.6% of the North Pacific 

seamounts and 0.62% of the global 

total. Approximately half (31) of the 

California seamounts have summits 

shallower than 2,000 m, the deepest 

extent of most bottom trawling activity 

(Morgan and Chuenpagdee 2003). On 

average, the seamounts are located 178 

km offshore, with the closest seamount 

located 21.9 miles offshore and the 

farthest seamount located 347.7 km 

offshore (Table 3.2). The average 

distance to the nearest neighboring seamount is 32.1 km, with a minimum distance of 4.1 km and 

a maximum distance of 120.5 km.  

 
Table 3.2 Spatial characteristics of California seamounts.  

Metric Average Minimum Maximum 

Distance Offshore (km)* 178.0 21.9 347.7 

Summit depth (m) 1,994 30 4,218 

Distance to nearest seamount (km) 32.1 4.1 120.5 

*Includes Channel Islands as shoreline.  

 

 The majority of seamounts (55 out of a total of 63) are located in the abyss (Figure 3.3), 

defined as the area of seafloor located above the hadal zone (deeper than 6,000 m) and below the 

continental slope (defined as “the deepening seafloor out from the shelf edge to the upper limit of 

the continental rise, or the point where there is a general decrease in steepness”; IHO 2008) 

(Harris et al. 2014). There are seven seamounts located on the continental slope, and one 

seamount located on the continental shelf (defined as: “a zone adjacent to a continent (or around 

an island) and extending from the low water line to a depth at which there is usually a marked 

increase of slope towards oceanic depths”; IHO 2008). A total of 22 seamounts occur on oceanic 

ridges, 13 are located on the continental rise (including some on fan deposits and terraces on the 

Figure 3.2: Distribution of seamounts within the California 

Exclusive Economic Zone (EEZ).  
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continental rise), and nearly all occur on large escarpments (seafloor gradients exceeding 5° 

slope over an area of at least 100 km2) (Figure 3.4). 

 
 

 
 

Figure 3.4: Seafloor morphology of the California coast. Data from Harris 

et al. (2014). 

 

Figure 3.3: Benthic classification of the California EEZ. Data from 

Harris et al. (2014). 
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3.3 Geology of California Seamounts 

Seamounts are ubiquitous throughout California waters due to the large amount of 

tectonic activity in the region. In fact, there is even evidence that the remnants of an ancient 

seamount exist on land in the Mendocino National Forest in Northern California (MacPherson 

1983). These seamounts provide important benthic habitats that are geologically distinct from 

neighboring deep-sea environments. While large portions of the deep sea are flat and sediment 

covered, seamounts often provide the exposed hard substrate and complex and steep terrain 

features that are necessary for many species of cold-water corals, sponges, and associated species 

to survive. Together, these features make seamounts not only interesting geologic features, but 

hotspots of biodiversity as well (see Sections 2.4 and 5.1). 

 As with most seamounts, seamounts in California waters are largely comprised of various 

forms of basalt – a common volcanic rock type that forms when iron-rich lava cools in the cold 

seawater of the deep ocean. Other observed rock types include granite and sandstone (erratics 

transported from neighboring environments), hawaiite, mugearite, andesite, glass sands, 

hyaloclastic, and trachyandesite (Davis et al. 2002). Sampled rocks were frequently found to be 

encrusted with manganese oxide, a potential target for deep-sea mining operations. The 

distribution, morphology, and orientation of the California seamounts reflects the convoluted 

tectonic history of the region. As they occur near the continental margin, their morphology 

differs noticeably from open ocean and ridge seamounts, which often occur as isolated, fairly 

symmetrical cones (Clague et al. 2000). Instead, they typically have a complex morphology that 

generally includes an elongated axis, northeast to southwest orientation, and a series of multiple 

cones and ridges with sediment filled troughs (Davis et al. 2002). In addition, they typically 

formed from a large series of relatively small eruptions spanning several million years, rather 

than fewer, larger eruptions over a short period of time (Davis et al. 2010).  

Most of the well-studied seamounts (Table 3.3) in California are examples of intraplate 

volcanoes that formed away from the edges of tectonic plates, including Gumdrop Seamount, 

Pioneer Seamount, Rodriguez Seamount, Guide Seamount, and Davidson Seamount (Davis et al. 

2002). These intraplate volcanoes generally did not form over hotspots however, as is commonly 

observed in other parts of the Pacific Ocean (e.g. the Hawaii-Emperor Chain). As a result, linear 

chains of seamounts are not commonly observed in California waters, with the notable exception 

of the Taney Seamounts, although these are near-ridge seamounts (on the Pacific-Farallon 

spreading center) and did not form over a hotspot (Clague et al. 2000). Accordingly, the 

distribution of observed seamounts is seemingly more random than in other ocean regions, albeit 

with a trend towards an increase in the number of seamounts in the southern portion of the 

California EEZ (a trend that continues south into Mexican waters) (Figure 3.2).  
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Many seamounts in 

California waters were once ancient 

islands, including San Juan 

Seamount (Paduan et al. 2009) 

(Figure 3.5). San Juan started to 

form approximately 20 million years 

ago and was volcanically active for 

an estimated 9.7 million years. It 

most recently erupted approximately 

2.8 million years ago, existed as a 

series of eight small islands for 

approximately one million years, 

and receded beneath the surface 

approximately 10–14 million years 

ago. Some of the exposed surfaces of the seamount were eroded by wind and waves, as 

evidenced today by weathered rocks and the remnants of sandy beaches. However, the main 

culprit for the sinking of San Juan back beneath the waves is not erosion, but rather subsidence 

due to the massive force it exerts on the oceanic crust beneath it. In the case of San Juan 

Seamount, the ocean crust also compressed significantly due to thermal contraction once 

volcanic activity ceased. 

Rodriguez Seamount was once an island standing as tall as 230 feet above sea level, with 

an area of 2.6 square miles (Paduan et al. 2009). Like the neighboring San Juan Seamount, it has 

since sunk back beneath the waves largely due to the subsidence of the ocean crust beneath it. 

Due to the erosional forces it was exposed to as an island, its modern summit largely consists of 

a large flat dome, qualifying Rodriguez as a guyot – a flat-topped seamount. Rodriguez 

Seamount is another example of an intraplate volcano (Davis et al. 2002). However, it is a 

relatively rare type of intraplate seamount that did not form over a hotspot. Instead, it formed 

when magma forced its way through ancient spreading centers in part due to decompression 

melting, a process in which the Earth’s mantle melts as it moves upwards through the crust due 

to rapid decreases in pressure. Rodriguez was volcanically active for around 2 million years as it 

formed, with evidence suggesting that its more recent eruptions occurred in shallow water. Like 

other guyots, the erosional forces of wind and waves scoured the summit into a flat top prior to 

its subsidence back beneath the waves, producing the flat, sandy dome observed today. 

The Taney seamount chain are examples of near-ridge seamounts, forming near fast-

spreading ridges (4.9 cm yr-1) on diverging tectonic plates (Clague et al. 2000). The chain formed 

from a series of eruptions from shallow, large-volume magma chambers that eventually 

collapsed, forming a large caldera. Calderas are large sinkholes that form when volcanoes 

collapse in on themselves, generally because the now-empty magma chamber can no longer 

support the massive weight of the volcanic rock above. The oldest and largest volcano in the 

Taney chain has undergone three large caldera collapses in its history, leaving the seamount with 

a unique half-moon shaped summit. The other seamounts have smaller calderas, some of which 

were partially filled in with subsequent lava flows. One of the summits has evidence of a somma, 

a unique summit formation that is created when an old caldera is filled in with a shield created by 

Figure 3.5: Three-dimensional view of the San Juan Seamount. 

Warmer colors indicate shallower depths.  
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younger lava flows. Due to their morphology, scientists initially believed that the seamounts 

were relatively young. However, subsequent argon dating revealed that they are approximately 

26 million years old (Coumans et al. 2011).   

Davidson Seamount, one of the best surveyed seamounts in California waters, was 

formed an estimated 20 million years ago, with its last volcanic eruption occurring well over 9 

million years ago. Today, the volcano is considered to be extinct, but is still growing at a barely 

perceptible rate due to the minute accumulation (1–7 mm per year) of ferromanganese oxide 

crusts. It formed on top of an ancient spreading center, as evidenced by symmetric magnetic 

anomalies on either side (Lonsdale 1991).  

 
Table 3.3: Physical characteristics of the seamounts with the most extensive geologic surveys in California waters. 

Seamount Age  

(millions of years) 

Height 

(m) 

Dimensions 

(km) 

Summit Depth 

(m) 

Type 

Davidson Seamount 20 2,400 42x13.5 1,260 Intraplate – 

ancient 

spreading center 

Gumdrop Seamount 22-24 Poorly 

defined base 

Poorly 

defined base 

1,210 Intraplate – 

ancient 

spreading center 

Pioneer Seamount 11 1,930 12.8x12.8 820 Intraplate – 

ancient 

spreading center 

Taney Seamounts 26 1,980 60x12 1,930 Near-ridge 

spreading center 

Guide Seamount 17 1,440 16.5x5 1,680 Intraplate – 

ancient 

spreading center 

Rodriguez Guyot 10–12 1,675 13x13 650 Intraplate – 

ancient 

spreading center 

San Juan Seamount 19 2,960 70x30 560 Intraplate – 

ancient 

spreading center 

4. Oceanographic Conditions of California Seamounts 

 

4.1 Broad-Scale Circulation in California Waters 

The California coast is a major upwelling region, which brings cold and nutrient-rich 

water to shallow ecosystems and is the primary driver of the high levels of biological 

productivity in the region (Kudela et al. 2008). The dominant current in the region is the 

California Current, a persistent surface current that is responsible for transporting cold and 

nutrient-rich water from the subarctic (Hickey 1998). It encompasses the majority of seamount 

habitat in California waters, extending from the shelf break to 1,000 km offshore. In the vicinity 

of Point Conception, the current splits into an offshore dominant current and an inshore current 

that contributes to the Southern California Eddy and dictates the current flow in and around the 

Channel Islands (Hickey 1979). Beneath the California Current, the California Undercurrent 

transports warm, nutrient-poor waters from the equator (Pierce et al. 2000). Combined, these 

current systems produce a clear oxygen minimum zone with very low oxygen concentrations 

(often <0.5 ml l-1) along the upper continental shelf (Deuser 1975). Depending on conditions and 
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year, this oxygen minimum zone may extend deeper than 1,000 m. California waters are also 

heavily influenced by the El Niño Southern Oscillation. El Niño years typically bring periods of 

lower primary surface productivity, weaker upwelling, and increased storm activity. In contrast, 

La Niña years are marked by high surface productivity.      

 

4.2 Environmental Data 

A suite of environmental variables was examined to characterize the summit conditions at 

each California seamount, and compared to conditions in non-seamount habitats (Table 4.1). 

Since cold-water corals, sponges, and many other benthic seamount fauna are suspension feeders 

and therefore reliant on the vertical transfer of surface productivity (Duineveld et al. 2007), the 

particulate organic carbon (POC) flux (mg C m-2 d-1) to the seafloor was also included as a proxy 

for food availability, along with horizontal and vertical current fluxes. The saturation state of the 

calcite polymorph of calcium carbonate, temperature (°C), salinity (psu), and dissolved oxygen 

(ml L-1) were included due to their known biological relevance to cold-water octocorals and 

other organisms (e.g., Mortensen and Buhl-Mortense 2004; Orejas et al. 2009; Georgian et al. 

2014; Naumann et al. 2014; Georgian et al. 2016).  

 
Table 4.1: Description and source of environmental data used to characterize seamount summit conditions. All 

variables were calculated at the seafloor unless otherwise indicated. 

Variable name Units 
Native 

Resolution 
Reference 

Depth  

 

meters 0.0083° 

 

Becker et al. 2009 

Sandwell et al. 2014 

Carbonate Chemistry    

Total alkalinity μmol l-1 3.6x0.8-1.8° Steinacher et al. (2009) 

Dissolved inorganic carbon μmol l-1 3.6x0.8-1.8° Steinacher et al. (2009) 

Omega aragonite (ΩARAG)  3.6x0.8-1.8° Steinacher et al. (2009) 

Omega calcite (ΩCALC)  3.6x0.8-1.8° Steinacher et al. (2009) 

Particulate Organic Carbon 

 

Water Chemistry 

Dissolved oxygen 

g C m-2 yr-1 

 

 

ml l-1 

0.05° 

 

 

1° 

Lutz et al. 2007 

 

 

Garcia et al. 2014a 

Salinity pss 0.25° Zweng et al. 2013 

Temperature °C 0.25° Locarnini et al. 2013 

 

Nutrients 

Phosphate 

 

 

μmol l-1 

 

 

1° 

 

 

Garcia et al. 2014b 

Silicate μmol l-1 1° Garcia et al. 2014b 

Nitrate μmol l-1 1° Garcia et al. 2014b 

 

Current Regime 

   

Horizontal current velocity m s-1 0.5° Carton et al. (2005) 

 

Surface Conditions 

Chlorophyll a 

 

 

mg m-3 

 

 

4 km 

 

 

Aqua Modis (NOAA) 

Photosynthetically 

Available Radiation 

W m-2 4 km Aqua Modis (NOAA) 

Sea Surface Temperature °C 4 km Aqua Modis (NOAA) 
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Bathymetric data for the study area were obtained from the SRTM30+ layer (Becker et 

al. 2009; Sandwell et al. 2014) downloaded from: 

topex.ucsd.edu/WWW_html/srtm30_plus.html. Ocean data in the SRTM30+ layer were 

originally derived from Sandwell et al. (2014), the LDEO Ridge Multibeam Synthesis Project, 

the JAMSTEC Data Site for Research Cruises, the NGDC Coastal Relief Model, and the 

International Bathymetric Chart of the Oceans. The native resolution of the SRTM30+ layer is 

0.0083°, or approximately one kilometer. 

Dissolved oxygen, salinity, temperature, and nutrient data were obtained from the World 

Ocean Atlas (v2 2013). Carbonate data (ΩARAG, ΩCAL, dissolved inorganic carbon, and total 

alkalinity) were obtained from modeled data in Steinacher et al. (2009). Particulate organic 

carbon (POC) flux at the seafloor was obtained from Lutz et al. (2007). Chlorophyll a and 

photosynthetically available radiation (PAR) data were obtained from NOAA’s Aqua MODIS 

program at a resolution of 4 km, and were resampled to match the extent and resolution of the 

bathymetry data with no interpolation.  

Benthic variables (WOA data, carbonate data, and current data) were transformed to 

match the extent and resolution of the bathymetry layer using a variable up-scaling approach that 

approximates conditions at the seafloor (Davies and Guinotte 2011). Briefly, each gridded layer 

was first interpolated to a slightly higher resolution (typically 0.5-1°) than its native resolution 

using inverse distance weighting, resampled to match the extent and resolution of the bathymetry 

data, and draped over the bathymetry data within its depth range. This technique has been 

demonstrated to work effectively for many global and regional scale variables (Davies and 

Guinotte 2011; Yesson et al. 2012). WOA data were available as 102 depth-binned layers from 

depths of 0-5500 m, with a vertical resolution of 5 m (from 0-100 m), 25 m (100-500 m), 50 m 

(500-2000 m), and 100 m (2000-5500 m). Carbonate data (Steinacher et al. 2009) were available 

in 33 depth-binned layers: 6, 19, 38, 62, 93, 133, 183, 245, 322, 415, 527, 661, 818, 1001, 1211, 

1449, 1717, 2014, 2340, 2693, 3072, 3473, 3894, 4329, 4775 m. SODA current data were 

available in 50 depth bins of: 5, 15, 25, 35, 46, 56, 66, 77, 88, 99, 110, 122, 135, 149, 164, 181, 

201, 225, 253, 288, 330, 382, 447, 525, 619, 729, 855, 997, 1152, 1320, 1498, 1683, 1875, 2071, 

2271, 2474, 2679, 2885, 3092, 3300, 3509, 3718, 3927, 4136, 4346, 4556, 4765, 4975, 5185, and 

5395 m. For deeper depths, we assumed that conditions at the seafloor were relatively stable and 

consistent with values at the maximum depth with available data. 
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4.3 Analysis of Environmental Data 

 To assess whether the 63 California 

seamounts have unique oceanographic 

parameters, we compared the environmental 

conditions at the summit of each seamount 

to a set of 1,000 randomly selected points on 

the seafloor (Figure 4.1). Random points 

were restricted to both the geographic extent 

and depth range of the seamount distribution 

in California waters. Student’s t-tests 

assuming unequal variances were used to 

explore patterns that emerged from the 

comparison. 

  Environmental conditions on 

seamounts were generally significantly 

distinguishable from non-seamount habitats 

(random points) (Table 4.2). Seamount 

summits (1,994±1,152 m; see Figure 4.2) 

were significantly shallower than random 

points (3,620±854) (Student’s t-test, 

p<0.001), likely explaining many of these 

differences, as depth is highly correlated 

with many of the environmental variables 

examined. However, environmental 

differences cannot be solely attributed to 

distance offshore. Seamount summits were 

an average of 178± km from shore, which 

was not significantly different from the 

random points (average distance of 174±72 

km) (Student’s t-test, p=0.75).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Sampling approach used to delineate seamount and 

non-seamount habitat.  

 

Figure 4.2: Bathymetry of coastal California (meters). 
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Table 4.2. Oceanographic parameters at seamounts within the California EEZ and at 1,000 random points with the 

depth range and geographic extent of the seamount distribution. * indicates a significantly different value (Student’s 

t-test, α=0.05). 

 

4.4 Implications of Oceanographic Conditions for Benthic Communities 

The oceanographic conditions at the summits of California seamounts have considerable 

implications for the benthic organisms that commonly inhabit these features, particularly with 

regards to conditions that are expected to change rapidly due to climate change in the coming 

decades: temperature, dissolved oxygen, productivity, and the saturation state of calcium 

carbonate. 

Temperature is the predominant factor controlling the distribution of deep-sea corals, 

giving rise to the moniker “cold-water corals” (Roberts et al. 2009). California seamount 

summits had temperatures ranging from 1.5–15.4°C with an average of 3.3°C (Table 4.2; Figure 

4.5). The observed range is slightly broader than the general temperature range given for cold-

water corals and associated species (4–12°C; Roberts et al. 2006), although numerous examples 

of cold-water coral growth outside these vales exist in Chile, the Mediterranean Sea, and 

elsewhere (e.g. Jantzen et al. 2013; Maier et al. 2012). However, seamounts at or near the higher 

end of this temperature range may experience losses in suitable habitat for cold-water corals and 

other benthic organisms in future oceans. Many deep-sea organisms are adapted to a relatively 

narrow temperate niche and cannot tolerate the rapid increases predicted to occur due to ongoing 

climate change. Studies examining the physiological response of cold-water corals to the 

increased temperatures expected with our current rate of global warming have generally found 

strong negative effects (e.g. Dodds et al. 2007; Lunden et al. 2014; Naumann et al. 2014). While 

the predicted temperature increases in the deep-sea appear relatively small (0.03–3.63°C by the 

year 2100 between depths of 200–3,000 m; Sweetman et al. 2017), it may be sufficient to reduce 

the amount of seamount habitat that is suitable for cold-water coral growth, especially if coupled 

with large scale disruptions to current systems expected to occur as the oceans warm (Winton et 

al. 2013).   

 Seamount Summits  Non-Seamount Seafloor 

Parameter Average Min. Max.  Average Min. Max. 

Depth (m) 1,994* 30 4,218  3,620 4,657 28 

Omega aragonite 1.07* 0.67 2.55  0.74 0.62 2.36 

Omega calcite 1.67* 1.02 3.94  1.14 0.94 3.68 

Dissolved inorganic carbon (µmol l-1) 2.29* 2.06 2.34  2.34 2.01 2.35 

Total alkalinity (µmol l-1) 2.42* 2.29 2.46  2.46 2.21 2.46 

Particulate organic carbon (mg C m-2 yr-1) 8.5* 2.3 40.1  5.8 2.3 91.2 

Nitrate (µmol l-1) 39.2 1.9 44.3  38.5 5.1 45.0 

Phosphate (µmol l-1) 2.9* 0.5 3.3  2.7 1.0 3.3 

Silicate (µmol l-1) 141.7* 3.7 177.2  170.3 11.7 181.0 

Temperature (°C) 3.3* 1.5 15.4  1.71 1.48 11.23 

Salinity (pss) 34.5* 33.5 34.7  34.7 33.1 34.7 

Dissolved Oxygen (ml l-1) 1.86* 0.33 5.66  2.82 0.34 5.71 

Horizontal current (10-3 m s-1) 4.99* 0.16 28.80  1.04 0.01 24.33 

Chlorophyll a (mg m-3) 0.54 0.21 1.78  0.57 0.21 4.75 

Sea surface temperature (°C) 16.2* 12.6 18.4  15.36 11.66 18.06 

Photosynthetically available radiation (W m-2) 33.6* 28.9 37.1  32.7 28.9 36.6 
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 Seamount summits in California waters frequently coincide with the depth of the oxygen 

minimum zone, and have relatively low dissolved oxygen concentrations with an average of 1.86 

ml l-1 and a range of 0.33–5.66 ml l-1 (Table 4.2; Figure 4.4). Values below 1.4 ml l-1 are 

generally considered to by hypoxic. While many other cold-water coral and sponge habitats 

similarly occur in oxygen minimum zones (e.g. Davies et al. 2010), further reductions in oxygen 

concentrations may move seamount fauna outside of their viable niche space (see Dodds et al. 

2007; Lunden et al. 2014). Dissolved oxygen concentrations are generally region- and season-

dependent in California waters, with many areas experiencing temporary hypoxic conditions in 

the late summer as water temperatures warm. Anthropogenic impacts are rapidly expanding 

oxygen minimum zones because warmer waters cannot hold as much oxygen, increased 

stratification in the upper ocean reduces oxygen transport to deep-sea habitats, and nutrient 

loading (often the result of fertilizer runoff) causes local depletions that can lead to hypoxic dead 

zones (Keeling et al. 2010). The deep-sea is expected to see reductions in dissolved oxygen of 

approximately 2-4% by the year 2100 (Cocco et al. 2013; Sweetman et al. 2017). Accordingly, 

seamounts with higher present-day dissolved oxygen levels may not see dramatic shifts in 

benthic communities, while seamounts in oxygen minimum zones that already have near-

hypoxic conditions may become unsuitable for a wide array of organisms.  

 Particulate organic carbon (POC) flux to benthic habitats is a critical factor determining 

the success of seamount ecosystems because these habitats are most frequently founded by an 

array of suspension feeders including cold-water corals and sponges. Cold-water corals are 

entirely reliant on the rain of plankton and detritus from the surface for food, and typically 

cluster in areas with high surface productivity and subsequent export to deep waters (Tittensor et 

al. 2009). POC flux typically has strong correlations with depth (due to the decay of surface 

productivity as it falls through the water column) and distance from shore (due to the boost to 

surface productivity from terrestrial runoff). This makes it difficult to fully ascertain its full role 

in structuring seamount communities (e.g., Georgian et al. 2014), especially in complex current 

systems (such as the California Current and California Undercurrent) where the lateral advection 

and upwelling of nutrient rich waters may play a large role (e.g., Rowe et al. 2008). In California 

waters, seamount summits have a relatively small POC flux (average POC at the seafloor of 8.5 

mg C m-2 day-1) compared to other cold-water coral habitats (Table 4.2; Figure 4.3). For 

example, cold-water coral reefs in the Gulf of Mexico receive a POC flux of 46 mg C m-2 day-1 

(Georgian et al. 2014), and Norwegian reefs receive 459 mg C m-2 day-1 (Wagner et al. 2011). 

This observation is likely due to the offshore nature of most seamounts in California waters, as 

inshore waters off the coast of California are generally highly productive due to the upwelling of 

nutrient rich waters and terrestrial runoff. In future oceans, POC flux to deep waters is expected 

to decrease by as much as 6–13% (Mora et al. 2013) due to reductions in surface phytoplankton 

productivity (Jones et al. 2014); however, areas with strong upwelling may see increases in POC 

flux instead (Smith et al. 2013). Therefore, the future of food influx to California seamounts 

remains uncertain in future oceans. However, organisms at seamounts with low POC fluxes may 

have difficulty maintaining their current growth and population dynamics if even moderate 

reductions occur in future oceans. As food availability can also help modulate the response of 

cold-water corals to other stressors (Georgian et al. 2016), this may also reduce the resilience of 

California seamount habitats to climate change and fishing pressure.      
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 The saturation state (Ω) of calcium carbonate determines the energetic costs associated 

with the formation of calcium carbonate skeletons and shells. At high saturation states when Ω > 

1, the precipitation of calcium carbonate is thermodynamically favored, making calcification less 

energetically costly (Turley et al. 2007). At low saturation states when Ω < 1, the dissolution of 

existing calcium carbonate material is favored, and calcifying organisms have to exert increasing 

amounts of energy to maintain calcification rates. With ongoing ocean acidification, reductions 

in pH will cause saturation states to drop, potentially causing declines in a wide array of marine 

calcifiers including coccolithophores (Riebesell et al. 2000), calcareous algae (Kuffner et al. 

2008), mollusks (Gazeau et al. 2013), Foraminifera (Spero et al. 1997), and corals (Chan and 

Connolly 2013). Perturbations to the carbonate system are expected to be particularly hazardous 

to deep-sea organisms because they already persist in relatively low pH, low saturation state 

conditions (e.g. Lunden et al. 2013). Seamounts in California waters currently exist at low 

saturation states approaching undersaturation, with an average ΩARAG of 1.07, with many 

seamount summits experiencing chronically undersaturated waters (Ω<1) (Table 4.2; Figure 4.6). 

This factor alone has been proposed as a mechanism to explain why the Pacific margin lacks 

large mound and reef structures that scleractinian cold-water corals frequently form in other 

ocean basins (Wickes 2014; Gómez et al. 2018); cold-water coral colonies in California waters 

are typically smaller and patchier than in other regions. While cold-water corals are known to be 

able to grow and calcify in undersaturated conditions (e.g. Thresher et al. 2011; Jantzen et al. 

2013), there are increased energy costs that may detrimentally affect the ability of these species 

to grow, reproduce, and respond to other stressors (McCulloch et al. 2012). With a current 

average Ω hovering just above undersaturation, even small decreases associated with future 

ocean acidification may considerably affect the taxa that form the foundation for many 

California seamount ecosystems. Saturation states in the Pacific Ocean are already being reduced 

by more than 3% per decade, with rapid changes expected in future oceans (Feely et al. 2008; 

Feely et al. 2012), putting many of the cold-water coral taxa found on California seamounts at 

considerable risk.  
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Figure 4.6: Omega aragonite (saturation state of aragonite) 

on the seafloor off the coast of California.  

 

Figure 4.3: Particulate organic carbon (POC) (g C m-2 day-1) 

on the seafloor off the coast of California.  

 

Figure 4.4: Dissolved oxygen (m l-1) on the seafloor off the 

coast of California.  

 

Figure 4.5: Temperature (°C) at the seafloor off the coast 

of California.  
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5. Biodiversity of California Seamounts 

 

5.1 Benthic Ecosystems 

 Benthic seamount 

ecosystems in California waters 

are often founded on the habitat 

created by cold-water corals and 

sponges (Figure 5.1), which are 

prevalent throughout the 

California deep sea. Out of the 

entire NOAA Deep Sea Coral 

and Sponge Database, more than 

half (51.5%) of all occurrence 

records are located within 

California waters (366,187 

records). Out of these, 106,552 

are located within 40 km of a 

seamount (29%), and 84,925 

(23%) are located within 10 km 

of a seamount. Table 5.1 shows the cold-water coral and sponge taxa that occur within 40 km of 

seamounts, and Figure 5.2 and 5.3 shows the distribution of coral and sponge records by taxa. 

The number of occurrence records in close proximity to seamounts is especially noteworthy 

given the clear sampling bias present in the dataset; most sampling and therefore most records 

occur relatively close to shore and away from the deeper, more remote seamounts. Therefore, the 

number of cold-water corals and sponges on and near seamounts in California waters, especially 

on seamounts farther offshore, is likely to be significantly underestimated.  

Figure 5.1: Yellow Picasso sponge and white sponges on Davidson 

Seamount. Image courtesy of NOAA and MBARI. 

http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
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Figure 5.2: Distribution of cold-water coral occurrence records in the California EEZ, separated by broad taxonomic 

groupings (Alcyonacea, Scleractinia, Antipatharia, and Stylasteridae). Data are from the NOAA Deep Sea Coral and 

Sponge Database.  
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 Habitat suitability models are a commonly used method to overcome sampling 

limitations of deep-sea surveying and fill in knowledge gaps concerning the distribution of 

marine species across large swaths of the seafloor. Guinotte and Davies (2014) produced 

suitability models for a number of cold-water coral taxa along the United States West Coast 

(Figure 5.4). The models predicted that extensive regions of suitable habitat for stony corals 

(Scleractinia) occur in relatively shallow waters, at intermediate depths for soft and gorgonian 

corals (Alcyonacea), and in deeper waters for black corals (Antipatharia). Interestingly, they 

showed that National Marine Sanctuaries contained more highly suitable habitat than 

surrounding areas, but also predicted that significant amounts of suitable habitat occur outside of 

any protected area or fishery closure (see Section 7 for current protection). However, the authors 

note that improved environmental data would increase the validity of the model, and also add 

that significant sampling bias in the occurrence records may have introduced significant errors in 

regions with little or no sampling effort. Therefore, it is likely that cold-water coral communities 

exist on offshore seamounts that are located outside of the model predictions for highly suitable 

habitat.  

Figure 5.3. Distribution of sponge occurrence records in 

the California EEZ. Data are from the NOAA Deep Sea 

Coral and Sponge Database. 
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Figure 5.4: Habitat suitability models for cold-water coral taxa in the California EEZ. Warmer colors indicate areas 

that are predicted to be more suitable for each taxon. Data are from Guinotte and Davies (2014). 

 

More extensive field surveys are needed in order to fully characterize the benthic habitats 

across California seamounts, especially on more remote, currently unexplored seamounts. 
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However, the surveys that have been conducted paint a clear picture of biodiverse hotspots with 

large abundances of corals, sponges, and associated fish and invertebrates. For example, a 2009 

MBARI expedition surveyed 66% of the Pioneer Seamount depth range and discovered 110 

invertebrate species (Lundsten et al. 2009). Pioneer Seamount and the neighboring Gumdrop 

Seamount have a particularly dense cover of benthic organisms, dominated by cold-water corals 

(23 species), crinoids, and sponges. The high abundances of benthic organisms at Pioneer 

Seamount have been attributed due to its shallow summit depth and associated increased nutrient 

availability. A number of newly discovered species can also be found at these seamounts, 

including numerous soft corals (Chrysogorgia sp., Isidella tentaculum, and Gersemia 

juliepackardae), urchins (Araeosoma leptaleum), sea stars (Hippasteria tiburoni), and the 

gumdrop jelly (Tiburonia granrojo).  

 Davidson Seamount is one of the best surveyed and well-known seamounts in California 

waters. Expeditions to the seamount have uncovered extensive cold-water coral and sponge 

ecosystems. It is home to more than 230 species, including 25 species of deep-water corals – 

some of which are bamboo corals over 200 years old (McClain et al. 2009; De Vogelaere et al. 

2005). At least 15 previously unknown species have already been discovered on Davidson 

Seamount (eight sponges, three corals, one ctenophore, one nudibranch, one polychaete, and one 

tunicate), with expectations for more as additional areas of the seamount and surrounding regions 

are surveyed (Burton and Lundsten 2008). Interestingly, communities on Davidson Seamount 

vary considerably with depth; one study found that as little as 20% of species occurred on both 

the summit and base of the seamount (McClain et al. 2010). These data suggest that even within 

a single seamount, community composition should not be viewed as uniform, but rather a mosaic 

of communities uniquely adapted to location-specific conditions (e.g. subtle changes in 

temperature, sediment, current flow, dissolved oxygen, pH, etc.). Finally, studies of Davidson 

and neighboring seamounts have demonstrated that most species are not endemic to individual 

seamounts (e.g., McClain et al. 2009), suggesting that seamounts in California waters should be 

construed as a broad network of seamounts connected via larval dispersal rather than isolated 

features.  

Rodriguez Seamount contains similarly diverse (133 currently identified taxa) and 

abundant communities structured largely by 26 species of cold-waters corals including massive 

bubblegum (Paragorgia) and bamboo (Isidella) colonies. The habitat created by these corals 

supports a large number of associated sponges, crionoids, brittle stars, anemones, sea urchins, sea 

cucumbers, worms, crabs, and as many as 20 fish taxa. In 2004, a new octocoral species 

Gersemia juliepackardae was discovered on the seamount, and in 2008 the bamboo coral Isidella 

tentaculum was described based on observations from both Rodriguez and Pioneer Seamounts 

(Etnoyer 2008). However, the summit of Rodriguez is notably less diverse than neighboring 

seamounts (Lundsten et al. 2009). In part, this is likely due to the fact that the summit lies within 

the oxygen minimum zone, where extremely low oxygen concentrations may prevent many 

species from thriving. Its unique morphology as a guyot may also be a driving factor. The flat, 

sandy dome of Rodriguez Seamount lacks the rocky habitats that many corals, sponges, and 

other benthic species require. Instead, the summit is dominated by species well-adapted to 

sedimented environments including sea cucumbers (Holothuroidea) and sea pens (Pennatulacea), 

one of the few deep-sea corals that are able to grow in sand and mud sediments.  
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 California seamounts and their cold-water coral communities are also critical habitats for 

a number of commercially important benthic species. Recent work in California suggests that 

seamounts may be the dominant source of larva for coastal fish populations (Lundsten et al. 

2009; McClain et al. 2009; McClain et al. 2010; McClain et al. 2014). At Tanner and Cortes 

Banks, over 137 fish species have been observed, including 50 rockfish and at least 56 

commercially or recreationally fished species (Love et al. 2009). The abundance and diversity of 

fish at these sites has been directly linked to the structure provided by cold-water coral and 

sponges (Love and Yoklavich 2006; Tissot et al. 2006; Yoklavich and Wakefield 2015). 

Economically important crustaceans and mollusks, such as the endangered white abalone, are 

also found in high abundances on some California seamounts (e.g., Hobday et al. 2001; Stierhoff 

et al. 2012; Stierhoff et al. 2014).  

 
Table 5.1 Species and genera of cold-water coral and sponge taxa that occur within 10 km of a seamount in the 

California EEZ. Data are from the NOAA Deep Sea Coral and Sponge Portal.  

Scientific Taxa Common Classification 

Alternatipathes alternata Antipatharia Black Coral 

Antipathes dendrochristos Antipatharia Black Coral 

Bathypathes alternata Antipatharia Black Coral 

Chrysopathes sp. Antipatharia Black Coral 

Lillipathes sp. Antipatharia Black Coral 

Trissopathes pseudotristicha Antipatharia Black Coral 

Umbellapathes sp. Antipatharia Black Coral 

Asbestopluma (Asbestopluma) monticola Demospongiae Demosponge 

Thenea muricata Demospongiae Demosponge 

Amphidiscophora Hexactinellida Glass Sponge 

Aphrocallistes vastus Hexactinellida Glass Sponge 

Atlantisella sp. Hexactinellida Glass Sponge 

Caulophacus (Caulophacus) cyanae Hexactinellida Glass Sponge 

Chonelasma sp. Hexactinellida Glass Sponge 

Farrea occa Hexactinellida Glass Sponge 

Farrea truncata Hexactinellida Glass Sponge 

Heterochone calyx Hexactinellida Glass Sponge 

Hexactinella sp. Hexactinellida Glass Sponge 

Hyalonema sp. Hexactinellida Glass Sponge 

Regadrella sp. Hexactinellida Glass Sponge 

Saccocalyx pedunculatus Hexactinellida Glass Sponge 

Sclerothamnopsis compressa Hexactinellida Glass Sponge 

Staurocalyptus sp. Hexactinellida Glass Sponge 

Tretodictyidae Hexactinellida Glass Sponge 

Acanella sp. Alcyonacea Gorgonian Coral 

Acanthogorgia sp. Alcyonacea Gorgonian Coral 

Calyptrophora bayeri Alcyonacea Gorgonian Coral 

Calyptrophora cf. antilla Alcyonacea Gorgonian Coral 

Chromoplexaura sp. Alcyonacea Gorgonian Coral 

Chrysogorgia monticola Alcyonacea Gorgonian Coral 

Chrysogorgia pinnata Alcyonacea Gorgonian Coral 

Eugorgia rubens Alcyonacea Gorgonian Coral 

Iridogorgia sp. Alcyonacea Gorgonian Coral 

Isidella tentaculum Alcyonacea Gorgonian Coral 

Keratoisis philippinensis Alcyonacea Gorgonian Coral 

Keratoisis profunda Alcyonacea Gorgonian Coral 

Lepidisis sp. Alcyonacea Gorgonian Coral 
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Leptogorgia chilensis Alcyonacea Gorgonian Coral 

Narella sp. Alcyonacea Gorgonian Coral 

Paragorgia pacifica Alcyonacea Gorgonian Coral 

Paragorgia regalis Alcyonacea Gorgonian Coral 

Parastenella ramosa Alcyonacea Gorgonian Coral 

Plumarella sp. Alcyonacea Gorgonian Coral 

Psammogorgia sp. Alcyonacea Gorgonian Coral 

Swiftia kofoidi Alcyonacea Gorgonian Coral 

Swiftia sp. Alcyonacea Gorgonian Coral 

Swiftia torreyi Alcyonacea Gorgonian Coral 

Anthoptilum grandiflorum Alcyonacea Sea Pen 

Anthoptilum murrayi Alcyonacea Sea Pen 

Funiculina sp. Alcyonacea Sea Pen 

Halipteris californica Alcyonacea Sea Pen 

Kophobelemnon sp. Alcyonacea Sea Pen 

Pennatula grandis Alcyonacea Sea Pen 

Pennatula phosphorea Alcyonacea Sea Pen 

Protoptilidae Alcyonacea Sea Pen 

Ptilosarcus sp. Alcyonacea Sea Pen 

Umbellula lindahli Alcyonacea Sea Pen 

Anthomastus sp. Alcyonacea Soft Coral 

Bathyalcyon robustum Alcyonacea Soft Coral 

Gersemia juliepackardae Alcyonacea Soft Coral 

Heteropolypus ritteri Alcyonacea Soft Coral 

Clavularia grandiflora Alcyonacea Stoloniferan Coral 

Telesto nuttingi Alcyonacea Stoloniferan Coral 

Dendrophyllia sp. Scleractinia Stony Coral (Branching) 

Lophelia pertusa Scleractinia Stony Coral (Branching) 

Caryophyllia sp. Scleractinia Stony Coral (Cup Coral) 

Coenocyathus bowersi Scleractinia Stony Coral (Cup Coral) 

Desmophyllum dianthus Scleractinia Stony Coral (Cup Coral) 

Javania sp. Scleractinia Stony Coral (Cup Coral) 

 

5.2 Pelagic Ecosystems 

 A wide variety of pelagic species use seamounts as nurseries, mating grounds, feeding 

grounds, and migratory pathways. Seamounts generate complex current systems that act to 

transport and concentrate nutrients in the upper water column, resulting in high primary 

productivity and food availability (Worm et al. 2003). This enhanced productivity above 

seamounts supports high diversities of pelagic fish, sea turtles, seabirds, and marine mammals 

(Morato et al. 2010). 

In California waters, a number of important pelagic species rely on seamounts. In the 

waters above Cortes and Tanner Banks, several pelagic predators are known to aggregate, 

including northern bluefin tuna, bigeye thresher sharks, and swordfish (Yoklavich and Wakefield 

2015), as well as loggerhead, olive ridley, green, and leatherback sea turtles (Ferraroli et al. 

2004; Yoklavich and Wakefield 2015). California seamounts are also critically important for 

more than 35 species of marine mammals including Dall’s porpoise, pilot whales, bottlenose 

dolphins, orcas, sperm whales, gray whales, humpback whales, blue whales, fin whales, northern 

elephant seals (Kaschner 2007; Oleson 2007; Maxwell et al. 2012; Jefferson et al. 2014; 

Yoklavich and Wakefield 2015). These seamounts are also important feeding grounds for a 

number of seabirds, which are drawn to these highly productive waters that are abundant with 
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prey including small fish, plankton, and squid (Yen et al. 2006; Morato et al. 2008). 

Approximately 75 seabird species reproduce, overwinter, or migrate through California aters, 

supported in part by seamounts and the influences they exert on surrounding regions (Briggs et 

al. 1987; Baird 1993; Newton and DeVogelaere 2010; Santora and Sydeman 2015).  

It is not clear whether every seamount has a significant impact on pelagic aggregations. 

Morato et al. (2010) found that only seamounts with summits shallower than 400 m had an 

effect, much shallower than the average depth of seamounts in California waters (1,994 m). 

However, the extent to which seamounts exert a strong influence can extend vertically into the 

water column for thousands of meters (Roden 1987), suggesting that even deep seamounts can 

influence pelagic species given the right conditions. While many pelagic aggregations are 

observed over shallower seamounts closer to shore, there is evidence that suggests that remote, 

offshore seamounts are particularly important feeding grounds because they concentrate prey 

items in an otherwise food-poor environment (Morato et al. 2010).  

6. Threats to California Seamounts 

 

6.1 Fisheries 

Fisheries currently represent the most widespread, direct anthropogenic threat to deep-sea 

ecosystems (reviewed in Clark et al. 2015), and are considered to have the largest impact on 

California seamounts (Halpern et al. 2009). Bottom-trawling for groundfish is particularly 

damaging to fragile cold-water coral and sponge ecosystems. Once disturbed, these communities 

may not recover for decades or longer (Gage et al. 2005), even if effective protection is later 

implemented (Huvenne et al. 2016). Cold-water coral reefs are often targeted for trawling due to 

their high abundances of commercially fished species (Hall-Spencer et al. 2002), in some regions 

severely damaging 30-50% of reef structures (Fosså et al. 2002).  

Despite conservation efforts to further restrict fishing activities in California waters, West 

Coast fishery landings increased by 27.4% from 2016 to 2017, with an associated 12.3% increase 

in revenue (Harvey et al. 2019). Landings in 2017 were approximately one standard deviation 

higher than the long-term mean. This increase was primarily driven by large increases in the 

hake, Dungeness crab, and market squid fisheries, while finfish, market squid, shrimp, and 

salmon decreased considerably (Figure 6.4). Groundfish landings (excluding hake) were 

previously in a near-historic low from 2013-2017, but increased slightly in 2017. The relative 

abundance of rockfish increased during the 2013–2017 period and remained largely stable during 

2018 (Figure 6.3). Figure 6.2 shows the spatial footprint of fishing activity according to Global 

Fishing Watch vessel data from 2012–2016, with most fishing activity occurring in relatively 

shallow waters close to the coast. Most trawling in the United States EEZ occurs in waters 

shallower than 1,000 m. One study found that from 2010–2012, as much as 29.5% of the region 

from Northern California to Washington was trawled in this depth range, producing landings of 

305 tons year-1(Amoroso et al. 2018).  

 Shallow nearshore areas, such as Cortes and Tanner Banks, are more likely to be heavily 

fished. Recreational and commercial fisheries target this highly productive area for a wide range 

of species including tuna, swordfish, rockfish, seabass, sea urchins, squid, mackerel, and spiny 

lobsters. While commercial fishing catches have been decreasing on the banks over the past 
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several decades, the average annual catch is valued at approximately $400,000 – approximately 

0.5% of the total California catch. Recreational fishers catch an estimated 5,000-10,000 fish per 

year, with an estimated industry value of $6.5 million (Pondella et al. 2018).  

California’s set gillnet and drift gillnet fisheries are the second and the fourth worst 

bycatch fisheries in the nation, with staggering bycatch rates of 65% and 63%, respectively 

(Keledjian et al. 2014). The drift gillnet fishery for swordfish and thresher sharks is a major 

conservation concern in these waters, as the nets, extending a mile in length, are cast overnight to 

drift and catch large, pelagic fish. The expansive nets inevitably entangle other species, including 

sea turtles and whales that drown or are seriously injured from entanglement. The drift gillnet 

fishery was responsible for the entanglement or death of almost 550 marine mammals over a 

five-year period, and entanglements on the United States West Coast have been steeply rising 

since 2015 (Figure 6.1). This fishery’s estimated worth was $1.1 million in 2011 (NOAA 2013). 

The set gillnet industry uses nets anchored to the seafloor, targets California halibut, angel shark 

and white seabass, and is also a serious conservation concern. Because of their devastating 

ecological impacts, gillnets were banned in nearshore waters off southern California in 1994, but 

they are still permitted in federal waters (Keledjian et al. 2014). In just a three-year period, the 

set gillnet fishery discarded more than 30,000 sharks and rays. The estimated worth of this 

fishery was $450,000 in 2011 (Keledjian et al. 2014). 

 

 
 

 

West Coast abalones have also been overfished: commercial and recreational overfishing 

caused abalone decline and the closure of many California abalone fisheries (California 2005). In 

2001, the white abalone, Haliotis sorenseni, became the first marine invertebrate to be listed 

under the Endangered Species Act. Since the species listing, population surveys of white abalone 

have found their highest densities at Cortes and Tanner Banks (Stierhoff et al. 2012) where the 

abalone fishery was closed in 1997, and will be closed for recreational fishers until at least 2021. 

  

Figure 6.1: Whale entanglements (reported) along the West Coast from 

2000–2018. Figure is from Harvey et al. (2019). 
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Figure 6.3: Cluster analysis showing the relative abundance of key West Coast 

fish species from 1998–2018. Colors indicate relative abundance (red=abundant; 

blue=rare). Figure is from Harvey et al. (2019). 

Figure 6.2: Cumulative fishing effort in the California EEZ 

from 2012–2016. Data are from Global Fishing Watch. 
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6.2 Marine Litter 

Despite their remoteness, California seamounts are not immune to the detrimental effects 

of human waste products that are intentionally or accidentally deposited into the ocean. Marine 

litter is rapidly becoming a global issue, with an estimated 6.4 million tons of litter entering the 

oceans each year (Jeftic et al. 2009), including intentionally or accidentally abandoned or 

disposed of fishing gear, plastics, and other solid waste products. Woodall et al. (2015) examined 

marine litter across multiple ocean basins and found that litter was prevalent throughout the 

entire study region regardless of remoteness and distance from shore. The authors also found that 

marine litter, primarily comprised of derelict fishing gear, was especially widespread on 

seamount habitats, ostensibly due to the targeting of these locations by fisheries. On some 

seamounts, fishing gear accounts for over 70% of the marine litter present (Pham et al. 2014). 

This litter has considerable implications for ecosystem health via the physical disruption of 

benthic environments (e.g. entanglement with corals; Pham et al. 2013) and ghost fishing, in 

which marine species continue to be caught or killed by abandoned nets, traps, lines, and other 

litter. A comprehensive assessment review of litter off the coast of Monterey, California revealed 

that litter was most abundant in deep waters (between depths of 2,000–4,000 m, however fishing 

Figure 6.4: Annual landings of West Coast commercial and recreational fisheries from 1981–2017. Dashed line 

is the mean across all data. Solid horizontal lines are the standard deviation. Figure is from Harvey et al. (2019). 
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litter was more common in shallower waters), was comprised of 33% plastic and 23% metal, and 

tended to cluster together due to the topography of the seafloor (Schlining et al. 2013). 

6.3 Climate Change 

Seamounts off the coast of California will be subject to ongoing and future climate 

change and ocean acidification (Figure 6.5). As humans emit increasing amounts of carbon 

dioxide into the atmosphere, a cascading chain of evens will significantly affect marine 

ecosystems around the world. The excess accumulation of carbon dioxide and other greenhouse 

gases in the atmosphere is causing global temperatures to rise; ultimately, 80% of this surplus 

heat is stored in the oceans (Levitus et al. 2005). Bathyal habitats between 200–3,000 m in depth 

in the Pacific Ocean are expected to see increases in temperature of up to 3.6°C by the year 2100 

(Sweetman et al. 2017), pushing many seamount inhabitants out of their viable niche space (see 

Section 4.4). Increased vertical stratification and long equilibrium times of deep-ocean 

convection suggests that temperatures in the deep sea will continue to rise for centuries even if 

atmospheric warming is stopped or even reversed (Hansen et al. 2005; Purkey and Johnson 

2010). Ocean warming will also lead to considerable decreases in dissolved oxygen 

concentrations, due to the lower solubility of oxygen in warm water and reductions in oxygen 

transport to deep waters (Keeling et al. 2010). While the predicted change in Pacific Ocean 

bathyal habitats is relatively small (reductions of up to 0.05 ml l-1; Sweetman et al. 2017), this 

may push already low-oxygen seamount habitats occurring in oxygen minimum zones into 

hypoxia.  

In addition to global warming, increased carbon dioxide emissions will directly affect 

marine ecosystems via ocean acidification. The oceans absorb 25-30% of the carbon dioxide that 

humans produce, resulting in significant alterations to the entire carbonate system (Sabine and 

Feely 2007). pH levels will decrease (giving rise to the term ‘ocean acidification’), fewer 

carbonate ions will be available (the ions typically used by marine calcifiers), and the saturation 

state of calcium carbonate will be lowered. Lower saturation states make it more energetically 

costly for marine calcifiers, including cold-water corals, to produce calcium-carbonate structures. 

pH in the bathyal zone of the Pacific Ocean is predicted to be reduced by as much as 0.31 units 

by the year 2100, a magnitude of change that has been found to considerably reduce calcification 

in reef-building cold-water corals (Lunden et al. 2014; Georgian et al. 2016). 
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Despite the risk that climate change poses to California seamount habitats, there is some 

evidence to suggest that some seamounts could actually act as important climate refugia in future 

oceans. Seamounts that are already close to unsuitable conditions with respect to temperature, 

carbonate saturation state, and dissolved oxygen (see Section 4.4) may not fare well with even 

minor changes caused by ongoing climate change and ocean acidification. However, it is 

possible that other seamounts may act as climate-resilient refugia. Seamounts may have been 

refugia during historic, intense environmental change (Hubbs 1959; Samadi et al. 2007), and, 

therefore, the deep, cool waters surrounding seamount slopes could potentially provide refugia 

for benthic marine life from future ocean changes (Clark et al. 2012). Ocean acidification 

impacts on coral habitat, while generally intense, are also likely to be less extreme for seamounts 

than for other deep-sea habitats, as they may act as ‘shallow-water’ refugia for stony corals from 

the detrimental effects of ocean acidification at greater depths (Tittensor et al. 2010).  

While anthropogenic climate change will still affect the deep-sea off the coast of 

California, the region is not projected to experience the drastic changes that are expected to occur 

in many other deep-sea habitats, and especially in coastal environments. Seamounts in particular 

have been hypothesized to serve as important climate refugia in the future, as their upper flanks 

and summits will experience more moderate changes than other deep-sea habitats (Tittensor et al. 

2010). While seamounts in the North Atlantic are projected to become significantly less suitable 

for stony corals by the year 2100, many Pacific seamounts are expected to largely maintain 

current levels of suitability (Tittensor et al. 2010). In regions where the particulate organic 

carbon (POC) flux to the seafloor will remain largely unchanged, there may be sufficient food 

supply to allow organisms to metabolically compensate for other climate stressors. Seamounts 

ecosystems that rely on the upwelling of nutrient-rich waters may be more climate-resilient, as 

Figure 6.5: Climate change projections of changes to seafloor temperature (°C), dissolved oxygen (ml L-

1), pH, and particulate organic (POC) flux (mg C m-2 day-1) predicted to occur by the year 2100. Figures 

are from Sweetman et al. 2017.  
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upwelling is predicted to increase with global warming (Bakun 1990). Previous studies on deep-

sea corals have found that when feeding rates can be maintained or elevated, corals were still 

able to calcify new skeletal material even under very low pH conditions (Georgian et al. 2016).  

Additionally, as the California coast is already subject to relatively low pH, low dissolved 

oxygen concentrations, and low POC flux compared to other oceans, organisms may be pre-

adapted to dealing with further reductions in these values caused by man-made climate change 

(see Aitken et al. 2008). A growing number of field and experimental studies supports this 

hypothesis. The occurrence of cold-water corals across a large range of pH values, coupled with 

their ability to tightly regulate the pH of their internal calcifying fluid (McCulloch et al. 2012), 

suggests that they may have developed adaptive mechanisms that will render them relatively 

resilient to the effects of ocean acidification. Subsequent laboratory experiments have confirmed 

that cold-water corals are less sensitive to changes in pH and temperature than their shallow-

water counterparts (e.g., Form and Riebesell 2012; Wall et al. 2015; Georgian et al. 2016). 

Therefore, the ability of seamount ecosystems to survive future ocean changes is still uncertain, 

and may result in a patchy mosaic of resilient and susceptible seamounts.  

 

6.4 Deep-Sea Mining 

The deep sea is believed to hold large quantities of untouched energy resources, precious 

metals, and minerals (reviewed in Boschen et al. 2013). Manganese nodules and other 

polymetallic nodules are likely targets for mining operations, which could result in seamount 

habitats being targeted for future mining expeditions. As hydrothermal vents hold high-grade 

Seafloor Massive Sulfides (SMS) deposits, they are also a prime target for deep-sea mining. 

Increasing worldwide demand for copper and gold is already prompting mining companies to 

explore the seafloor for these high-grade sulfides. The only hydrothermal vent systems that are 

currently known to occur within the United States EEZ are off the north coast of California, at 

the plate boundaries along the triple junction at Gorda Ridges (Clague 2016). Given the large 

amount of tectonic activity in the region, however, it is likely that undiscovered vent systems 

exist on or near seamounts in California waters. At hydrothermal vents, the fractures in the 

seafloor allow ambient seawater to percolate down through the seabed where molten rock warms 

it. As the water seeps deeper in and temperatures increase to 350-400°C, changes in seawater 

chemistry cause metals, silica and sulfide to leach from the surrounding rock. When these 

chemical-rich fluids are warmed, they become buoyant, rise, and mix with the cold, deep-ocean 

waters, causing the metals and sulfides to precipitate out of solution.  

Technological advancements have enabled greater access to deep-sea resources, making 

deep-sea mining increasingly possible (Boschen et al. 2013). Though early mineral leases for 

Gorda Ridges were abandoned due to a lack of technology and low commodity prices (Dover 

2011), recent renewed interest in mining means that this site, as well as other deep-sea habitats in 

California, could one day be targeted for exploitation. Deep-sea mining is extremely physically 

destructive to the seabed, and will generate turbid, potentially toxic sediment plumes that are 

likely to affect benthic communities over a wider area (Sharma et al. 2001). The ecological 

recovery of disturbed sites would then be dependent on recolonization from nearby populations, 

but little is known about the connectivity of these populations and full recovery could take 

decades or even hundreds of years (Levin et al. 2016).  
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6.5 Ship Traffic 

California hosts 11 major ports spanning its long coast between the North Coast and San 

Diego County. Los Angeles and Long Beach Ports contain the U.S.’ largest port complex and are 

essential elements in global enterprise. Together, these ports facilitate one-fourth of all container 

cargo traffic in the United States and vessel traffic poses a number of threats to the marine 

environment, including oil or chemical spills, discharges, ship-based pollution, exchange of 

ballast water, and noise pollution (MBNMS 2012). 

The U.S. Navy uses state and federal waters along the western seaboard for a wide 

variety of activities. The Southern California Range Complex (SCRC) is a very large area that 

extends more than 600 nm southwest into the Pacific Ocean, encompassing 120,000 nm2 of sea 

space, 113,000 nm2 of special use airspace, and over 56 mi2 of land area spread across several 

islands (Boerger et al. 2013). Likewise, the Northwest Training and Testing study area (NWTT) 

encompasses land, air, and sea areas that extend westward approximately 250 nm into the Pacific 

Ocean from the Strait of Juan de Fuca and southerly parallel to the coast into northern California, 

encompassing the Gorda and Mendocino Ridges (United States Department of the Navy 2014). 

In recognition of the undeniable ecological significance of the SCRC and NWTT, the Navy 

prepared environmental impact statements for its activities in 2013 and 2014. They found many 

diverse environmental impacts, from explosive byproducts and acoustic interference to vessel 

strikes, confirming that there are many threats to marine life associated with the Navy’s activity 

in both the SCRC and NWTT (Boerger et al. 2013; United States Department of the Navy 2014).  

  

6.6 Oil and Natural Gas Exploration and Extraction 

California has four oil platforms off its coast, and the California State Lands 

Commissions administers 29 offshore oil and gas agreements in its state waters. The Federal 

Government, through the Bureau of Ocean Energy Management, has granted 43 active leases in 

Southern California’s Pacific Outer Continental Shelf Region. The California State Lands 

Commission halted new leasing of state offshore tracts after the 1969 Santa Barbara oil spill that 

spewed an estimated 4.2 million gallons of crude oil (Foster et al. 1970; Foster 1972). This spill 

created a 35-mile-long oil slick along California’s coast and killed thousands of birds, fish and 

marine mammals. The California legislature passed the California Coastal Sanctuary Act in 1994 

to prohibit new offshore leasing. Even so, in 2015, 142,800 gallons of crude oil spewed onto a 

biologically diverse coastline after a corroded, old pipeline ruptured near Refugio State Beach in 

Santa Barbara County (Addassi et al. 2017; Defran et al. 2017). The oil reached four MPAs that 

safeguard ecologically sensitive regions, and state workers eventually collected 202 dead birds 

and 99 dead mammals. The spill’s full impact will never be known since many marine animals 

can travel long distances before dying. As the Trump administration pushes for new offshore oil 

and gas exploitation in California there is a possibility that new exploration and extraction will 

occur, at the ultimate expense of seamount habitats and surrounding waters.  

7. Protection of California Seamounts 

 

7.1 Jurisdiction 

Conservation of the seamounts within California waters is not tied to the same nebulous 

jurisdictional issues that seamounts on the high seas are subject to (e.g. Ardon et al. 2008). Per 

federal and state law, the state of California controls the waters within three nautical miles of its 

coastline. The federal government manages the remaining 197 nautical miles between California 
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state waters and the boundary of the United States exclusive economic zone (EEZ). California 

has a number of marine protected areas (MPAs) within its jurisdiction along the coast (see 

below). In addition, there are four federally managed National Marine Sanctuaries: Channel 

Islands, Cordell Bank, Greater Farallones, and Monterey Bay. 

The majority of seamounts in California waters are in areas managed by the Pacific 

Fishery Management Council (PFMC). The PFMC ultimately derives its authority from the 

Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), the primary law 

governing fisheries management in US federal waters. The MSFCMA’s ultimate goal is to 

promote the ‘optimal exploitation’ of coastal fisheries, accomplished via the creation of eight 

regional councils with the task of managing fish stocks and associated ecosystems. The PFMC is 

the regional council responsible for governing the United States EEZ off the coast of 

Washington, Oregon, and California – a total area of 317,690 square miles. The council manages 

approximately 119 species of fish including salmon, groundfish, sardines, anchovies, mackerel, 

tunas, sharks, and swordfish. While the council’s stated focus is fisheries management, they are 

also mandated by the MSFCMA to identify and protect essential fish habitat (EFH) and habitat 

areas of particular concern (HAPC). 

 

7.2 Marine Protected Areas 

 Across the entire United States 

EEZ, approximately 46% of seamount 

habitat is located within an existing marine 

protected area (MPA); the vast majority of 

this protection is located in the or 

Papahānaumokuākea and Pacific Remote 

Islands Marine National Monuments 

(Marine Conservation Institute 2019). 

Protection for seamount habitats in 

California waters is much weaker, leaving 

these vulnerable ecosystems exposed to a 

myriad of threats (described in Sections 

2.7 and 6). There are a number of marine 

reserves, sanctuaries, protected areas, 

special closures, and other management 

areas along coastal California (Figure 7.2). 

Of these, only a limited number are no-

take reserves that prohibit all extractive 

activities (Figure 7.2). California state has 

a large number of relatively small 

protected areas enacted by the Marine Life 

Protection Act of 1999, however these areas are all located in nearshore habitats and do not 

overlap with any seamount habitats (Figure 7.2). 

Only one seamount is located within a National Marine Sanctuary (Figure 7.2). Davidson 

Seamount was added to the Monterey Bay National Marine Sanctuary during a 2008 expansion, 

making it the first seamount to gain official protection in U.S. waters (the expansion also added 

Figure 7.1: No take marine reserves within California waters. 

Data are from the Atlas of Marine Protection.  
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775 square miles to the sanctuary). The MBNMS was originally designated in 1992, and confers 

federal protections to a large swath of coastal waters extending more than 275 miles south of San 

Francisco. The pristine nature of Davidson Seamount, along with its incredibly high biodiversity 

and abundance of benthic organisms, led to its inclusion in the MBNMS. However, in 2017, a 

Presidential Executive Order authorized the U.S. Department of Commerce to reevaluate the 

status of marine sanctuaries and monuments in light of renewed interest in these areas as targets 

for offshore oil and natural gas drilling. Commercial interest in deep-sea habitats highlights the 

importance of the protections that Davidson Seamount currently enjoys, but also contextualizes 

the alarming lack of protection for other seamounts in United States waters. 

Despite the lack of traditional marine protected areas for seamount habitats off the coast 

of California, there are a number of regulations that provide limited protection for seamounts as 

managed by the Pacific Fisheries Management Council (described below). These regulations are 

currently in a transition period following a recently updated Pacific Coast Groundfish Fishery 

Management Plan.  

 

 
Figure 7.2: Marine protected areas (MPAs) of various types within California waters. Data are from the Atlas of 

Marine Protection. 
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7.3 Rockfish Conservation Areas (RCAs) 

 Rockfish Conservation Areas (RCAs) 

are large-scale fishery closures extending along 

the entire United States West Coast along 

approximately specified depth contours (Figure 

7.3). RCAs have been in place since late 2002, 

but may change annually or even seasonally. 

The current boundaries were specified in 2015 

and include closures for commercial fishing for 

non-groundfish with trawl gear, commercial 

fishing for groundfish with trawl gear, and 

commercial fishing for groundfish with non-

trawl gear. Figure 7.3 shows the 2015 closures 

for commercial fishing for groundfish with 

trawling gear. None of the RCA closures 

overlap with seamount habitat in California 

waters. These closures are subject to reopening 

with the new groundfish fisheries management 

plan (see below). 

 

7.4 Essential Fish Habitat (EFH) 

 Essential Fish Habitat (EFH) is a 

designation established in 1996 by an addition 

to the MSFCMA. With this provision, Regional 

Fisheries Management Councils are mandated 

to identify habitats used by all life stages of the 

fisheries they manage, including areas 

important for spawning, breeding, feeding, or 

growing to maturity. EFH have been mapped 

for more than 1,000 managed fishery species, 

based on a large suite of data including 

presence/absence, abundance, and growth, 

reproductive, survival, and production rates. It 

is important to note that not all EFH’s are 

closed to fisheries; partial and temporary 

closures are common. Figure 7.4 shows the 

current EFH in California waters, and Figure 

7.5 shows the EFH’s with either complete or 

partial closures, which specify the various types 

of fishing gear permitted or excluded. Habitat 

Areas of Particular Concern (HAPC; Figure 7.6) 

are a subset of EFH areas that are considered 

high priorities for conservation. HAPC’s must 

Figure 7.3: Rockfish Conservation Area (RCA) along the 

California coast showing the 2015 closures for commercial 

fishing for groundfish with trawling gear 

 

Figure 7.4: Essential Fish Habitat (EFH) designated in 2006 

within the California EEZ. 
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provide major ecological functions, have a particular sensitivity to decline, be stressed from 

development, or be a rare habitat. While HAPC designation does not automatically close the area 

to fishing, they are used to help prioritize regional conservation efforts. Common examples of 

HAPC s on the United States West Coast include estuaries, kelp beds, seagrass beds, rocky reefs, 

and seamounts. In addition to groundfish HAPC’s, salmon HAPC’s are used to identify key 

inshore areas for salmon spawning and nursery habitats. Numerous seamounts in California 

waters occur within EFH habitat (Figure 7.4), as well as EFH closures (Figure 7.5) and HAPC s 

(Figure 7.6). EFH and HAPC designations and closures are subject to imminent change with the 

newly proposed groundfish fisheries management plan (see below). 

 

 
 

 

 

7.5 Upcoming Conservation Changes (Amendment 28) 

 In April 2018, a new Pacific Coast Groundfish Fishery Management Plan (FMP), known 

as Amendment 28 (NFMS 2019), was approved by the Pacific Fishery Management Council 

(PFMC). The plan is expected to be implemented in January 2020 at the earliest, and must first 

be approved by the NOAA National Marine Fisheries Service (NMFS). The new FMP 

establishes new and revised bottom trawl closures while also reopening previously closed areas, 

with the ultimate goal of protecting groundfish habitat and stocks while simultaneously 

maintaining optimal fisheries access. The proposed FMP will: 1) reopen the groundfish trawl 

RCA (Figure 7.3), 2) Reopen 3,000 square miles of currently closed EFH (Figure 7.7), 3) Close 

an additional 13,000 square miles of EFH including the majority of the Southern California 

Figure 7.5: Essential Fish Habitat (2006) closures to protect 

groundfish habitat in California waters, specified by the fishing 

gear permitted or excluded. 

 

Figure 7.6: Habitat Areas of Particular Concern (HAPC) in 

California waters. 
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Bight (Figure 7.7), and 4) Close approximately 

123,000 square miles of deep-sea habitat 

(>3,500 m) to all bottom contact fishing gear 

(Figure 7.7). The opening of the groundfish 

trawl RCA reestablishes a historically heavily 

fished region that was closed in 2002 to help 

recover depleted fishery stocks. The closure of 

waters deeper than 3,500 m was intended to 

protect the increasingly common discoveries 

of cold-water corals; however, these corals are 

also found in much shallower waters in 

habitats that are not strongly protected. A 

number of conservation organizations 

submitted comments to the PFMC in response 

to the originally released FMP proposal, 

supporting a number of improved protection 

measures including the addition of the deep-

water fishing closure below 3,500 m, retaining 

the original RCA closures, including methane 

seep habitats as EFH, closing untrawled areas 

in the Southern California Bight, and closing 

the “Football” region in the Greater Farallones 

National Marine Sanctuary.  

8. Conclusions 

 

8.1 Conservation Status of the California Seamounts 

The remoteness of seamounts, resulting from both their depth and distance to populated 

land masses, has greatly contributed to their current state of preservation. While evidence of 

anthropogenic disturbance is frequently observed and will likely increase in the near future, these 

seamounts likely constitute one of the more untouched ecoregions on the planet (Clark and 

Tittensor 2010; Clark et al. 2010). While many seamount habitats show signs of serious habitat 

disturbance, it is still possible to find pristine seamounts untouched by trawls or other direct 

anthropogenic disturbance. Therefore, the California seamounts represent a unique conservation 

opportunity to instill strong protections before these fragile ecosystems are irrevocably damaged. 

 

8.2 The Future of Seamount Conservation 

Given the likelihood that benthic communities in the deep sea will be adversely affected 

by a number of anthropogenic stressors, it is necessary to devise effective, science-based 

management strategies for ensuring their continued survival. Restoration of deep-sea 

environments is generally prohibitively expensive or impossible with current technology, making 

preemptive management activities critical for preserving these vulnerable habitats (Van Dover et 

al. 2014). While global stressors stemming from the effects of climate change will be extremely 

Figure 7.7: Modifications to EFH and fishery closures 

proposed under Amendment 28 to the Pacific Coast 

Groundfish Fishery Management Plan.  
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difficult to mitigate over large areas, efforts to reduce perturbations from acute stressors such as 

bottom trawling may prove to be both practical and fruitful.  

Recently, considerable effort has been put into establishing some deep-sea habitats as 

marine sanctuaries and protected areas (e.g., Fosså et al. 2002; Hall-Spencer et al. 2009), 

although the paucity of data concerning deep-sea environments often impedes conservation 

efforts. Due to the known detrimental impacts to benthic communities stemming from bottom 

trawling (Watling and Norse 1998; Gage et al. 2005; Clark and Koslow 2007; Norse et al. 2012), 

recent United Nations resolutions 61/105 require the identification and protection of vulnerable 

marine ecosystems (VMEs) from adverse impacts from bottom fishing (UNGA 2007). Spatial 

closures are an important tool for effectively managing bottom trawling fisheries and preventing 

significant adverse impacts to VMEs in the deep sea. However, designating the location and 

extent of closures is challenging because the distribution of VMEs is generally poorly known, 

and there is often political and social opposition to restricting fishing opportunities. 

Seamount habitats in California waters deserve strong, long-lasting protections. There are 

currently two primary avenues to pursue conservation goals: 1) the creation and expansion of 

permanent marine protected areas (ideally no take reserves), and 2) improved fishery regulations 

by the Pacific Fishery Management Council. While human-related activities are often inherently 

at odds with the conservation of marine habitats, there remains promising opportunities to 

advocate for optimal, science-based conservation measures that will effectively protect all of the 

seamounts in California waters.  

9. References 

Addassi, Yvonne Najah, Julie Yamamoto, and Thomas M. Cullen. "The Refugio Oil Spill 

Response: Case Study and Lessons’ Learned/Best Practices for the Future." In: 

International Oil Spill Conference Proceedings, (2017): 104-123.  

Aitken, Sally N., Sam Yeaman, Jason A. Holliday, Tongli Wang, and Sierra Curtis‐McLane. 

"Adaptation, migration or extirpation: climate change outcomes for tree populations." 

Evolutionary applications 1, no. 1 (2008): 95-111.  

Amoroso, Ricardo O., C. Roland Pitcher, Adriaan D. Rijnsdorp, Robert A. McConnaughey, Ana 

M. Parma, Petri Suuronen, Ole R. Eigaard et al. "Bottom trawl fishing footprints on the 

world’s continental shelves." Proceedings of the National Academy of Sciences 115, no. 

43 (2018): E10275-E10282.  

Aqua MODIS. NASA Goddard Space Flight Center, Ocean Ecology Laboratory, Ocean Biology 

Processing Group. MODIS-Aqua Ocean Color Data. (2014). Available at: 

http://dx.doi.org/10.5067/TERRA/MODIS_OC.2014.0 

Ardron, Jeff, Kristina Gjerde, Sian Pullen, and Virginie Tilot. "Marine spatial planning in the 

high seas." Marine Policy 32, no. 5 (2008): 832-839.  

Arico, Salvatore, and Charlotte Salpin. “Bioprospecting of genetic resources in the deep seabed: 

scientific, legal and policy aspects.” United Nations University Institute for Advanced 

Studies (2005):1-32.  

Armstrong, Claire W., Naomi S. Foley, Rob Tinch, and Sybille van den Hove. "Services from 

the deep: Steps towards valuation of deep sea goods and services." Ecosystem Services 2 

(2012): 2-13.  

Baillon, Sandrine, Jean-François Hamel, Vonda E. Wareham, and Annie Mercier. "Deep cold‐

water corals as nurseries for fish larvae." Frontiers in Ecology and the Environment 10, 

no. 7 (2012): 351-356.  



 California Seamounts 46 

Bakun, Andrew. "Global climate change and intensification of coastal ocean upwelling." Science 

247, no. 4939 (1990): 198-201.  

Becker, J. J., D. T. Sandwell, W. H. F. Smith, J. Braud, B. Binder, Jl Depner, D. Fabre et al. 

"Global bathymetry and elevation data at 30 arc seconds resolution: SRTM30_PLUS." 

Marine Geodesy 32, no. 4 (2009): 355-371.  

Boerger, Christiana, Samuel Dean Rauch III, Meghan Byrne, Angela D'Amico, Meredith Fagan, 

Amy Farak, Ron Filipowicz et al. "Hawaii-Southern California training and testing 

activities, final Environmental Impact Statement/Overseas Environmental Impact 

Statement." U.S. Department of the Navy Technical Report (2013): 1-2628. 

Boschen, Rachel E., Ashley A. Rowden, Malcom R. Clark, and Jonathan PA Gardner. "Mining 

of deep-sea seafloor massive sulfides: a review of the deposits, their benthic 

communities, impacts from mining, regulatory frameworks and management strategies." 

Ocean & Coastal Management 84 (2013): 54-67.  

Briggs, Kenneth T., WM Breck Tyler, David B. Lewis, and David R. Carlson. Bird communities 

at sea off California: 1975 to 1983. No. 598.2 BIR. Inc., Lawrence, Kansas: Cooper 

Ornithological Society, 1987.  

Brooke, Sandra, and Robert Stone. "Reproduction of deep-water hydrocorals (family 

Stylasteridae) from the Aleutian Islands, Alaska." Bulletin of Marine Science 81, no. 3 

(2007): 519-532.  

Burton, Erica J., and Lonny Lundsten. "Davidson Seamount taxonomic guide." Marine 

Sanctuaries Conservation Series ONMS-08-08 (2008). 

California Department of Fish and Game. "Abalone recovery and management plan." California 

Department of Fish and Game-Marine Region (2005): 363. 

Carreiro-Silva, M., T. Cerqueira, A. Godinho, M. Caetano, R. S. Santos, and R. Bettencourt. 

"Molecular mechanisms underlying the physiological responses of the cold-water coral 

Desmophyllum dianthus to ocean acidification." Coral Reefs 33, no. 2 (2014): 465-476.  

Carton, James A., Benjamin S. Giese, and Semyon A. Grodsky. "Sea level rise and the warming 

of the oceans in the Simple Ocean Data Assimilation (SODA) ocean reanalysis." Journal 

of Geophysical Research: Oceans 110, no. C9 (2005).  

Chan, Neil CS, and Sean R. Connolly. "Sensitivity of coral calcification to ocean acidification: a 

meta‐analysis." Global change biology 19, no. 1 (2013): 282-290.  

Clague, David A., Jennifer R. Reynolds, and Alicé S. Davis. "Near‐ridge seamount chains in the 

northeastern Pacific Ocean." Journal of Geophysical Research: Solid Earth 105, no. B7 

(2000): 16541-16561.  

Clark, Malcolm R., and Derek P. Tittensor. "An index to assess the risk to stony corals from 

bottom trawling on seamounts." Marine Ecology 31 (2010): 200-211.  

Clark, Malcolm R., and J. Anthony Koslow. "Impacts of fisheries on seamounts." Seamounts: 

Ecology, Fisheries, and Conservation 12 (2007): 413-441.  

Clark, Malcolm R., Ashley A. Rowden, Thomas Schlacher, Alan Williams, Mireille Consalvey, 

Karen I. Stocks, Alex D. Rogers et al. "The ecology of seamounts: structure, function, 

and human impacts." Annual Review of Marine Science 2 (2010): 253-278.  

Clark, Malcolm R., Franziska Althaus, Thomas A. Schlacher, Alan Williams, David A. Bowden, 

and Ashley A. Rowden. "The impacts of deep-sea fisheries on benthic communities: a 

review." ICES Journal of Marine Science 73, no. suppl_1 (2015): i51-i69.  



 California Seamounts 47 

Clark, Malcolm R., Thomas A. Schlacher, Ashley A. Rowden, Karen I. Stocks, and Mireille 

Consalvey. "Science priorities for seamounts: research links to conservation and 

management." PloS one 7, no. 1 (2012): e29232.  

Cloos, Mark. "Lithospheric buoyancy and collisional orogenesis: Subduction of oceanic plateaus, 

continental margins, island arcs, spreading ridges, and seamounts." Geological Society of 

America Bulletin 105, no. 6 (1993): 715-737.  

Cocco, Valentina, Fortunat Joos, Marco Steinacher, Thomas Lukas Frölicher, Laurent Bopp, J. 

Dunne, Marion Gehlen et al. "Oxygen and indicators of stress for marine life in multi-

model global warming projections." Biogeosciences 10, no. 3 (2013): 1849-1868.  

Cordes, Erik E., Michael P. McGinley, Elizabeth L. Podowski, Erin L. Becker, Stephanie 

Lessard-Pilon, Stephen T. Viada, and Charles R. Fisher. "Coral communities of the deep 

Gulf of Mexico." Deep Sea Research Part I: Oceanographic Research Papers 55, no. 6 

(2008): 777-787.  

Costello, Mark J., Mona McCrea, André Freiwald, Tomas Lundälv, Lisbeth Jonsson, Brian J. 

Bett, Tjeerd CE van Weering, Henk de Haas, J. Murray Roberts, and Damian Allen. 

"Role of cold-water Lophelia pertusa coral reefs as fish habitat in the NE Atlantic." In 

Cold-water corals and ecosystems, pp. 771-805. Springer, Berlin, Heidelberg, 2005.  

Coumans, J. P., D. A. Clague, and J. Stix. "Volcanology and geochemistry of the Taney 

Seamounts northeast Pacific Ocean." In AGU Fall Meeting Abstracts. 2011.  

Craig, Claire H., and David T. Sandwell. "Global distribution of seamounts from Seasat 

profiles." Journal of Geophysical Research: Solid Earth 93, no. B9 (1988): 10408-10420.  

Cryer, Martin, Bruce Hartill, and Steve O'shea. "Modification of marine benthos by trawling: 

toward a generalization for the deep ocean?." Ecological Applications 12, no. 6 (2002): 

1824-1839.  

Dailey, Murray D., Donald J. Reish, and Jack W. Anderson, eds. Ecology of the Southern 

California Bight: a synthesis and interpretation. Univ of California Press, 1993.  

Danovaro, Roberto, Cinzia Corinaldesi, Gianfranco D'Onghia, Bella Galil, Cristina Gambi, 

Andrew J. Gooday, Nikolaos Lampadariou et al. "Deep-sea biodiversity in the 

Mediterranean Sea: the known, the unknown, and the unknowable." PloS one 5, no. 8 

(2010): e11832.  

Davies, Andrew J., Gerard CA Duineveld, Tjeerd CE van Weering, Furu Mienis, Andrea M. 

Quattrini, Harvey E. Seim, John M. Bane, and Steve W. Ross. "Short-term environmental 

variability in cold-water coral habitat at Viosca Knoll, Gulf of Mexico." Deep Sea 

Research Part I: Oceanographic Research Papers 57, no. 2 (2010): 199-212.  

Davis, A. S., D. A. Clague, J. B. Paduan, B. L. Cousens, and J. Huard. "Origin of volcanic 

seamounts at the continental margin of California related to changes in plate margins." 

Geochemistry, Geophysics, Geosystems 11, no. 5 (2010).  

Davis, Alicé S., David A. Clague, Wendy A. Bohrson, G. Brent Dalrymple, and H. Gary Greene. 

"Seamounts at the continental margin of California: A different kind of oceanic intraplate 

volcanism." Geological Society of America Bulletin 114, no. 3 (2002): 316-333. 

de Forges, Bertrand Richer, J. Anthony Koslow, and G. C. B. Poore. "Diversity and endemism of 

the benthic seamount fauna in the southwest Pacific." Nature 405, no. 6789 (2000): 944.  

Defran, R. H., David William Weller, Nicholas M. Kellar, and Susan J. Chivers. "Research on 

coastal bottlenose dolphins (Tursiops truncatus), including a photo-identification catalog, 

following the 2015 Refugio Beach oil spill in Santa Barbara County, California." NOAA 



 California Seamounts 48 

Technical Memorandum NMFS (2017). Available at: https://doi.org/10.7289/V5/TM-

SWFSC-591 

Detrick, Robert S., and S. Thomas Crough. "Island subsidence, hot spots, and lithospheric 

thinning." Journal of Geophysical Research: Solid Earth 83, no. B3 (1978): 1236-1244.  

Deuser, W. G. Reducing environments. Chemical Oceanography, 2nd ed., vol 3. Academic 

Press, (1975): 1-37.  

DeVogelaere, Andrew P., Erica J. Burton, Tonatiuh Trejo, Chad E. King, David A. Clague, 

Mario N. Tamburri, Gregor M. Cailliet, Randall E. Kochevar, and William J. Douros. 

"Deep-sea corals and resource protection at the Davidson Seamount, California, USA." In 

Cold-water corals and ecosystems, pp. 1189-1198. Springer, Berlin, Heidelberg, 2005.  

Dodds, L. A., J. Murray Roberts, A. C. Taylor, and F. Marubini. "Metabolic tolerance of the 

cold-water coral Lophelia pertusa (Scleractinia) to temperature and dissolved oxygen 

change." Journal of Experimental Marine Biology and Ecology 349, no. 2 (2007): 205-

214.  

Dorschel, B., D. Hebbeln, Anneleen Foubert, M. White, and A. J. Wheeler. "Hydrodynamics and 

cold-water coral facies distribution related to recent sedimentary processes at Galway 

Mound west of Ireland." Marine Geology 244, no. 1-4 (2007): 184-195. 

Doughty, Cheryl L., Andrea M. Quattrini, and Erik E. Cordes. "Insights into the population 

dynamics of the deep-sea coral genus Paramuricea in the Gulf of Mexico." Deep Sea 

Research Part II: Topical Studies in Oceanography 99 (2014): 71-82. 

Duineveld, Gerard CA, Marc SS Lavaleye, Magda JN Bergman, Henko De Stigter, and Furu 

Mienis. "Trophic structure of a cold-water coral mound community (Rockall Bank, NE 

Atlantic) in relation to the near-bottom particle supply and current regime." Bulletin of 

Marine Science 81, no. 3 (2007): 449-467.  

Eriksen, Charles C. "Observations of amplified flows atop a large seamount." Journal of 

Geophysical Research: Oceans 96, no. C8 (1991): 15227-15236.  

Etnoyer, Peter J. "A new species of Isidella bamboo coral (Octocorallia: Alcyonacea: Isididae) 

from northeast Pacific seamounts." Proceedings of the Biological Society of Washington 

121, no. 4 (2008): 541-553.  

Feely, Richard A., Christopher L. Sabine, J. Martin Hernandez-Ayon, Debby Ianson, and Burke 

Hales. "Evidence for upwelling of corrosive" acidified" water onto the continental shelf." 

science 320, no. 5882 (2008): 1490-1492.  

Feely, Richard A., Christopher L. Sabine, Robert H. Byrne, Frank J. Millero, Andrew G. 

Dickson, Rik Wanninkhof, Akihiko Murata, Lisa A. Miller, and Dana Greeley. "Decadal 

changes in the aragonite and calcite saturation state of the Pacific Ocean." Global 

Biogeochemical Cycles 26, no. 3 (2012).  

Ferraroli, Sandra, Jean-Yves Georges, Philippe Gaspar, and Yvon Le Maho. "Endangered 

species: where leatherback turtles meet fisheries." Nature 429, no. 6991 (2004): 521.  

Fisher, Charles R., Amanda WJ Demopoulos, Erik E. Cordes, Iliana B. Baums, Helen K. White, 

and Jill R. Bourque. "Coral communities as indicators of ecosystem-level impacts of the 

Deepwater Horizon spill." Bioscience 64, no. 9 (2014): 796-807.  

Folkersen, Maja Vinde, Christopher M. Fleming, and Syezlin Hasan. "The economic value of the 

deep sea: A systematic review and meta-analysis." Marine Policy 94 (2018): 71-80.  

Form, Armin U., and Ulf Riebesell. "Acclimation to ocean acidification during long‐term CO2 

exposure in the cold‐water coral L ophelia pertusa." Global change biology 18, no. 3 

(2012): 843-853.  



 California Seamounts 49 

Fosså, Jan Helge, P. B. Mortensen, and Dag M. Furevik. "The deep-water coral Lophelia pertusa 

in Norwegian waters: distribution and fishery impacts." Hydrobiologia 471, no. 1-3 

(2002): 1-12.  

Foster, M. "The Santa Barbara Oil Spill: dosage of crude oil on shore and initial effects on 

intertidal organisms." Calif. Cooperative Oceanic Fish. Invest., Rep 16 (1972): 150. 

Foster, M., A. C. Charters, and M. Neushul. "The Santa Barbara oil spill Part 1: Initial quantities 

and distribution of pollutant crude oil." Environmental Pollution (1970) 2, no. 2 (1971): 

97-113. 

Fryer, Patricia. "Mud volcanoes of the Marianas." Scientific American 266, no. 2 (1992): 46-53.  

Gage, John D., J. Murray Roberts, John P. Hartley, and John D. Humphery. "Potential impacts of 

deep-sea trawling on the benthic ecosystem along the northern European continental 

margin: a review." In Symposium on Effects of Fishing Activities on Benthic Habitats, 

pp. 503-517. American Fisheries Society, 2005.  

Garcia, Hernan E., Ricardo A. Locarnini, Timothy P. Boyer, John I. Antonov, Olga K. Baranova, 

Melissa M. Zweng, James R. Reagan, Daphne R. Johnson, Alexey V. Mishonov, and 

Sydney Levitus. "World ocean atlas 2013. Volume 4, Dissolved inorganic nutrients 

(phosphate, nitrate, silicate)." (2014b). 

Garcia, Hernan E., Timothy P. Boyer, Ricardo A. Locarnini, John I. Antonov, Alexey V. 

Mishonov, Olga K. Baranova, Melissa M. Zweng, James R. Reagan, Daphne R. Johnson, 

and Sydney Levitus. "World ocean atlas 2013. Volume 3, Dissolved oxygen, apparent 

oxygen utilization, and oxygen saturation." (2014a). 

Garrett, Chris. "Internal tides and ocean mixing." Science 301, no. 5641 (2003): 1858-1859.  

Gazeau, Frédéric, Laura M. Parker, Steeve Comeau, Jean-Pierre Gattuso, Wayne A. O’Connor, 

Sophie Martin, Hans-Otto Pörtner, and Pauline M. Ross. "Impacts of ocean acidification 

on marine shelled molluscs." Marine biology 160, no. 8 (2013): 2207-2245.  

Genin, Amatzia. "Bio-physical coupling in the formation of zooplankton and fish aggregations 

over abrupt topographies." Journal of Marine systems 50, no. 1-2 (2004): 3-20.  

Georgian, Samuel E., Sam Dupont, Melissa Kurman, Adam Butler, Susanna M. Strömberg, Ann 

I. Larsson, and Erik E. Cordes. "Biogeographic variability in the physiological response 

of the cold‐water coral Lophelia pertusa to ocean acidification." Marine ecology 37, no. 6 

(2016): 1345-1359.  

Georgian, Samuel E., William Shedd, and Erik E. Cordes. "High-resolution ecological niche 

modelling of the cold-water coral Lophelia pertusa in the Gulf of Mexico." Marine 

Ecology Progress Series 506 (2014): 145-161.  

Gjerde, Kristina M. Ecosystems and biodiversity in deep waters and high seas. No. 178. 

UNEP/Earthprint, 2006. 

Gómez, Carlos E., Leslie Wickes, Dan Deegan, Peter J. Etnoyer, and Erik E. Cordes. "Growth 

and feeding of deep-sea coral Lophelia pertusa from the California margin under 

simulated ocean acidification conditions." PeerJ 6 (2018): e5671. 

Guinotte, John M., and Andrew J. Davies. "Predicted deep-sea coral habitat suitability for the US 

West Coast." PloS one 9, no. 4 (2014): e93918.  

Guinotte, John M., James Orr, Stephen Cairns, Andre Freiwald, Lance Morgan, and Robert 

George. "Will human‐induced changes in seawater chemistry alter the distribution of 

deep‐sea scleractinian corals?." Frontiers in Ecology and the Environment 4, no. 3 

(2006): 141-146.  



 California Seamounts 50 

Hall-Spencer, Jason M., Mark Tasker, Marta Soffker, Sabine Christiansen, Stuart Rogers, Maria 

Campbell, and Kjartan Hoydal. "Design of Marine Protected Areas on high seas and 

territorial waters of Rockall Bank." Marine Ecology Progress Series 397 (2009): 305-308. 

Hall–Spencer, Jason, Valerie Allain, and Jan Helge Fosså. "Trawling damage to Northeast 

Atlantic ancient coral reefs." Proceedings of the Royal Society of London. Series B: 

Biological Sciences 269, no. 1490 (2002): 507-511. 

Halpern, Benjamin S., Carrie V. Kappel, Kimberly A. Selkoe, Fiorenza Micheli, Colin M. Ebert, 

Caitlin Kontgis, Caitlin M. Crain, Rebecca G. Martone, Christine Shearer, and Sarah J. 

Teck. "Mapping cumulative human impacts to California Current marine ecosystems." 

Conservation letters 2, no. 3 (2009): 138-148.  

Harris, P. T., M. Macmillan-Lawler, J. Rupp, and E. K. Baker. "Geomorphology of the oceans." 

Marine Geology 352 (2014): 4-24.  

Harvey, C., and T. Garfield. "California Current Integrated Ecosystem Assessment (CCIEA) 

California Current Ecosystem Status Report." A report of the NOAA CCIEA Team to the 

Pacific Fishery Management Council (2019).Accessible at: https://www.pcouncil.org/wp-

content/uploads/2019/02/E1a_IEA_Rpt1_CCIEA-Report-2019-MAR2019BB.pdf 

Herbette, Steven, Yves Morel, and Michel Arhan. "Erosion of a surface vortex by a seamount." 

Journal of Physical Oceanography 33, no. 8 (2003): 1664-1679.  

Hickey, Barbara M. "Coastal oceanography of western North America from the tip of Baja 

California to Vancouver Island." The sea 11 (1998): 345-393.  

Hickey, Barbara M. "The California current system—hypotheses and facts." Progress in 

Oceanography 8, no. 4 (1979): 191-279.  

Hillier, John K., and A. B. Watts. "Global distribution of seamounts from ship‐track bathymetry 

data." Geophysical Research Letters 34, no. 13 (2007). 

Hobday, Alistair J., Mia J. Tegner, and Peter L. Haaker. "Over-exploitation of a broadcast 

spawning marine invertebrate: decline of the white abalone." Reviews in Fish Biology 

and Fisheries 10, no. 4 (2000): 493-514. 

Hubbs, Carl L. "Initial discoveries of fish faunas on seamounts and offshore banks in the eastern 

Pacific." (1959).  

Huvenne, V. A. I., B. J. Bett, D. G. Masson, T. P. Le Bas, and Andrew J. Wheeler. 

"Effectiveness of a deep-sea cold-water coral Marine Protected Area, following eight 

years of fisheries closure." Biological Conservation 200 (2016): 60-69.  

IHO. “Standardization of Undersea Feature Names: Guidelines Proposal form Terminology.” 4th 

ed. International Hydrographic Organisation and Intergovernmental Oceanographic 

Commission, Monaco, (2008): 1-32. Available at: http://www.iho.int/iho_pubs/bathy/B-

6_e4_EF_Nov08.pdf 

Jantzen, Carin, Verena Häussermann, Günter Försterra, Jürgen Laudien, Murat Ardelan, Sandra 

Maier, and Claudio Richter. "Occurrence of a cold-water coral along natural pH gradients 

(Patagonia, Chile)." Marine Biology 160, no. 10 (2013): 2597-2607. 

Jefferson, Thomas A., Mari A. Smultea, and Cathy E. Bacon. "Southern California Bight marine 

mammal density and abundance from aerial surveys, 2008-2013." J. Mar. Anim. Their 

Ecol 7 (2015): 14-30.  

Jeftic, Ljubomir, Seba Sheavly, and Ellik Adler. Marine litter: a global challenge. UNEP, 2009.  

Jochum, Klaus Peter, Xiaohong Wang, Torsten W. Vennemann, Bärbel Sinha, and Werner EG 

Müller. "Siliceous deep-sea sponge Monorhaphis chuni: A potential paleoclimate archive 

in ancient animals." Chemical Geology 300 (2012): 143-151.  

https://www.pcouncil.org/wp-content/uploads/2019/02/E1a_IEA_Rpt1_CCIEA-Report-2019-MAR2019BB.pdf
https://www.pcouncil.org/wp-content/uploads/2019/02/E1a_IEA_Rpt1_CCIEA-Report-2019-MAR2019BB.pdf


 California Seamounts 51 

Jones, Daniel OB, Andrew Yool, Chih‐Lin Wei, Stephanie A. Henson, Henry A. Ruhl, Reg A. 

Watson, and Marion Gehlen. "Global reductions in seafloor biomass in response to 

climate change." Global change biology 20, no. 6 (2014): 1861-1872.  

Jordan, Thomas H., H. William Menard, and Deborah K. Smith. "Density and size distribution of 

seamounts in the eastern Pacific inferred from wide‐beam sounding data." Journal of 

Geophysical Research: Solid Earth 88, no. B12 (1983): 10508-10518. 

Kaschner, Kristin. "Air-breathing visitors to seamounts: marine mammals." Seamounts: Ecology, 

Fisheries and Conservation. Fisheries and Aquatic Resource Series, Blackwell Scientific 

(2007): 230-238.  

Keeling, Ralph F., Arne Körtzinger, and Nicolas Gruber. "Ocean deoxygenation in a warming 

world." Annual Review of Marine Science 2 (2010): 199-229. 

Keledjian, Amanda, Gib Brogan, Beth Lowell, Jon Warrenchuk, Ben Enticknap, Geoff Shester, 

Michael Hirshfield, and Dominique Cano-Stocco. "Wasted catch: unsolved problems in 

US fisheries." Oceana (2014): 44.  

Kim, Seung-Sep, and Paul Wessel. "New global seamount census from altimetry-derived gravity 

data." Geophysical Journal International 186, no. 2 (2011): 615-631.  

Kitchingman, Adrian, and Sherman Lai. "Inferences on potential seamount locations from mid-

resolution bathymetric data." Seamounts: Biodiversity and Fisheries 12 (2004): 7-12.  

Klimley, A. P. "Highly directional swimming by scalloped hammerhead sharks, Sphyrna lewini, 

and subsurface irradiance, temperature, bathymetry, and geomagnetic field." Marine 

Biology 117, no. 1 (1993): 1-22.  

Koslow, J.A, G. W. Boehlert, J. D. M. Gordon, R. L. Haedrich, P. Lorance, and N. Parin. 

"Continental slope and deep-sea fisheries: implications for a fragile ecosystem." ICES 

Journal of Marine Science 57, no. 3 (2000): 548-557.  

Kroodsma, David A., Juan Mayorga, Timothy Hochberg, Nathan A. Miller, Kristina Boerder, 

Francesco Ferretti, Alex Wilson et al. "Tracking the global footprint of fisheries." Science 

359, no. 6378 (2018): 904-908.  

Kudela, Raphael M., Neil S. Banas, John A. Barth, Elizabeth R. Frame, David A. Jay, John L. 

Largier, Evelyn J. Lessard, Tawnya D. Peterson, and Andrea J. Vander Woude. "New 

insights into the controls and mechanisms of plankton productivity in coastal upwelling 

waters of the northern California Current System." Oceanography 21, no. 4 (2008): 46-

59. 

Kuffner, Ilsa B., Andreas J. Andersson, Paul L. Jokiel, S. Rodgers Ku‘ulei, and Fred T. 

Mackenzie. "Decreased abundance of crustose coralline algae due to ocean acidification." 

Nature Geoscience 1, no. 2 (2008): 114.  

Larsson, Ann I., and Autun Purser. "Sedimentation on the cold-water coral Lophelia pertusa: 

cleaning efficiency from natural sediments and drill cuttings." Marine Pollution Bulletin 

62, no. 6 (2011): 1159-1168.  

Lavelle, J. William, and Christian Mohn. "Motion, commotion, and biophysical connections at 

deep ocean seamounts." Oceanography 23, no. 1 (2010): 90-103.  

Levin, Lisa A., Amy R. Baco, David A. Bowden, Ana Colaco, Erik E. Cordes, Marina R. Cunha, 

Amanda WJ Demopoulos et al. "Hydrothermal vents and methane seeps: rethinking the 

sphere of influence." Frontiers in Marine Science 3 (2016): 72.  

Levitus, Sydney, John I. Antonov, Timothy P. Boyer, and Cathy Stephens. "Warming of the 

world ocean." Science 287, no. 5461 (2000): 2225-2229.  



 California Seamounts 52 

Locarnini, Ricardo A., Alexey V. Mishonov, John I. Antonov, Timothy P. Boyer, Hernan E. 

Garcia, Olga K. Baranova, Melissa M. Zweng et al. "World ocean atlas 2013. Volume 1, 

Temperature." (2013). 

Lonsdale, Peter. "Structural Patterns of the Pacific Floor Offshore of Peninsular California: 

Chapter 7: Part III. Regional Geophysics and Geology." (1991): 87-125. 

Love, Milton S., and M. Yoklavich. "Deep rock habitats." The ecology of marine fishes: 

California and adjacent waters (2006): 253-266. 

Love, Milton S., Mary Yoklavich, and Donna M. Schroeder. "Demersal fish assemblages in the 

Southern California Bight based on visual surveys in deep water." Environmental 

Biology of Fishes 84, no. 1 (2009): 55-68. 

Lueck, Rolf G., and Todd D. Mudge. "Topographically induced mixing around a shallow 

seamount." Science 276, no. 5320 (1997): 1831-1833. 

Lunden, Jay J., Conall G. McNicholl, Christopher R. Sears, Cheryl L. Morrison, and Erik E. 

Cordes. "Acute survivorship of the deep-sea coral Lophelia pertusa from the Gulf of 

Mexico under acidification, warming, and deoxygenation." Frontiers in Marine Science 1 

(2014): 78. 

Lunden, Jay J., Samuel E. Georgian, and Erik E. Cordes. "Aragonite saturation states at cold‐

water coral reefs structured by Lophelia pertusa in the northern Gulf of Mexico." 

Limnology and Oceanography 58, no. 1 (2013): 354-362. 

Lundsten, Lonny, James P. Barry, Gregor M. Cailliet, David A. Clague, Andrew P. 

DeVogelaere, and Jonathan B. Geller. "Benthic invertebrate communities on three 

seamounts off southern and central California, USA." Marine Ecology Progress Series 

374 (2009): 23-32. 

Lutz, Michael J., Ken Caldeira, Robert B. Dunbar, and Michael J. Behrenfeld. "Seasonal rhythms 

of net primary production and particulate organic carbon flux to depth describe the 

efficiency of biological pump in the global ocean." Journal of Geophysical Research: 

Oceans 112, no. C10 (2007). 

MacPherson, Glenn J. "The Snow Mountain volcanic complex: An on-land seamount in the 

Franciscan terrain, California." The Journal of Geology 91, no. 1 (1983): 73-92.  

Maier, C., P. Watremez, M. Taviani, M. G. Weinbauer, and J. P. Gattuso. "Calcification rates 

and the effect of ocean acidification on Mediterranean cold-water corals." Proceedings of 

the Royal Society B: Biological Sciences 279, no. 1734 (2011): 1716-1723.  

Marine Conservation Institute. 2019, MPAtlas [Online]. Seattle, WA. Available at: 

www.mpatlas.org [Accessed 05/01/2019].  

Maxwell, Sara M., Jessica J. Frank, Greg A. Breed, Patrick W. Robinson, Samantha E. 

Simmons, Daniel E. Crocker, Juan Pablo Gallo‐Reynoso, and Daniel P. Costa. "Benthic 

foraging on seamounts: A specialized foraging behavior in a deep‐diving pinniped." 

Marine Mammal Science 28, no. 3 (2012): E333-E344.  

McClain, Craig R., and Lonny Lundsten. "Assemblage structure is related to slope and depth on 

a deep offshore P acific seamount chain." Marine Ecology 36, no. 2 (2015): 210-220.  

McClain, Craig R., Lonny Lundsten, James Barry, and Andrew DeVogelaere. "Assemblage 

structure, but not diversity or density, change with depth on a northeast Pacific 

seamount." Marine Ecology 31 (2010): 14-25.  

McClain, Craig R., Lonny Lundsten, Micki Ream, James Barry, and Andrew DeVogelaere. 

"Endemicity, biogeography, composition, and community structure on a Northeast 

Pacific seamount." PLoS One 4, no. 1 (2009): e4141. 

http://www.mpatlas.org/


 California Seamounts 53 

McCulloch, Malcolm, Julie Trotter, Paolo Montagna, Jim Falter, Robert Dunbar, André 

Freiwald, Günter Försterra et al. "Resilience of cold-water scleractinian corals to ocean 

acidification: Boron isotopic systematics of pH and saturation state up-regulation." 

Geochimica et Cosmochimica Acta 87 (2012): 21-34. 

Menard, H. W. "Geology of the Pacific sea floor." Experientia 15, no. 6 (1959): 205-213.  

Mienis, F., H. C. De Stigter, H. De Haas, and T. C. E. Van Weering. "Near-bed particle 

deposition and resuspension in a cold-water coral mound area at the Southwest Rockall 

Trough margin, NE Atlantic." Deep Sea Research Part I: Oceanographic Research Papers 

56, no. 6 (2009): 1026-1038.  

MBNMS. “Monterey Bay National Marine Sanctuary: Davidson Seamount management zone 

threats assessment.” MBNMS Technical Report 2012-1. (2012): 1-39. Available at: 

https://deepseacoraldata.noaa.gov/library/davidson-seamount-management-zone-threats-

assessment 

Mora, Camilo, Chih-Lin Wei, Audrey Rollo, Teresa Amaro, Amy R. Baco, David Billett, 

Laurent Bopp et al. "Biotic and human vulnerability to projected changes in ocean 

biogeochemistry over the 21st century." PLoS Biology 11, no. 10 (2013): e1001682.  

Morato, Telmo, Divya Alice Varkey, Carla Damaso, Miguel Machete, Marco Santos, Rui Prieto, 

Ricardo S. Santos, and Tony J. Pitcher. "Evidence of a seamount effect on aggregating 

visitors." Marine Ecology Progress Series 357 (2008): 23-32.  

Morato, Telmo, Simon D. Hoyle, Valerie Allain, and Simon J. Nicol. "Seamounts are hotspots of 

pelagic biodiversity in the open ocean." Proceedings of the National Academy of 

Sciences 107, no. 21 (2010): 9707-9711.  

Morgan, Lance Edward, and Ratana Chuenpagdee. "Shifting gears: addressing the collateral 

impacts of fishing methods in US waters." Island Press, Washington, D.C. (2003). 

Mortensen, Pål B., and Lene Buhl-Mortensen. "Distribution of deep-water gorgonian corals in 

relation to benthic habitat features in the Northeast Channel (Atlantic Canada)." Marine 

Biology 144, no. 6 (2004): 1223-1238. 

Mullineau, Lauren S., and Susan W. Mills. "A test of the larval retention hypothesis in 

seamount-generated flows." Deep Sea Research Part I: Oceanographic Research Papers 

44, no. 5 (1997): 745-770.  

NOAA. “Status of the U.S. West Coast Fisheries for Highly Migratory Species Through 2012; 

Stock Assessment and Fishery Evaluation.” NOAA Technical Report. (2013): 1-78. 

Available at: http://www.pcouncil.org/wp-

content/uploads/HMS_SAFE_2013_FINAL.pdf 

Naumann, Malik S., Covadonga Orejas, and Christine Ferrier-Pagès. "Species-specific 

physiological response by the cold-water corals Lophelia pertusa and Madrepora oculata 

to variations within their natural temperature range." Deep Sea Research Part II: Topical 

Studies in Oceanography 99 (2014): 36-41.  

Newton, Kelly M., and Andrew DeVogelaere. "Marine mammal and seabird abundance and 

distribution around the Davidson Seamount, July 2010." Monterey Bay National Marine 

Sanctuary Technical Report (2013). 

NFMS. Magnuson-Stevens Act Provisions; Fisheries Off West Coast States; Pacific Coast 

Groundfish Fishery; Pacific Coast Groundfish Fishery Management Plan; Amendment 

28. Document 84 FR 27072. CFR 50 CFR 660. Document Number 2019-12237. (2019). 

3 pp. 



 California Seamounts 54 

Norse, Elliott A., Sandra Brooke, William WL Cheung, Malcolm R. Clark, Ivar Ekeland, Rainer 

Froese, Kristina M. Gjerde et al. "Sustainability of deep-sea fisheries." Marine policy 36, 

no. 2 (2012): 307-320.  

Oevelen, Dick van, Gerard Duineveld, Marc Lavaleye, Furu Mienis, Karline Soetaert, and Carlo 

HR Heip. "The cold‐water coral community as hotspot of carbon cycling on continental 

margins: A food‐web analysis from Rockall Bank (northeast Atlantic)." Limnology and 

Oceanography 54, no. 6 (2009): 1829-1844. 

Oleson, Erin M., John Calambokidis, Jay Barlow, and John A. Hildebrand. "Blue whale visual 

and acoustic encounter rates in the Southern California Bight." Marine Mammal Science 

23, no. 3 (2007): 574-597.  

Orejas, C., P. J. López-González, J. M. Gili, N. Teixidó, Julian Gutt, and W. E. Arntz. 

"Distribution and reproductive ecology of the Antarctic octocoral Ainigmaptilon 

antarcticum in the Weddell Sea." Marine Ecology Progress Series 231 (2002): 101-114.  

Orejas, Covadonga, Andrea Gori, Claudio Lo Iacono, Pere Puig, Josep-Maria Gili, and Mark RT 

Dale. "Cold-water corals in the Cap de Creus canyon, northwestern Mediterranean: 

spatial distribution, density and anthropogenic impact." Marine Ecology Progress Series 

397 (2009): 37-51. 

Paduan, Jennifer B., David A. Clague, and Alicé S. Davis. "Evidence that three seamounts off 

southern California were ancient islands." Marine Geology 265, no. 3-4 (2009): 146-156. 

Palanques, Albert, J. Guillén, and P. Puig. "Impact of bottom trawling on water turbidity and 

muddy sediment of an unfished continental shelf." Limnology and Oceanography 46, no. 

5 (2001): 1100-1110.  

Pham, C. K., J. N. Gomes-Pereira, E. J. Isidro, R. S. Santos, and T. Morato. "Abundance of litter 

on condor seamount (Azores, Portugal, Northeast Atlantic)." Deep Sea Research Part II: 

Topical Studies in Oceanography 98 (2013): 204-208. 

Pham, Christopher K., Eva Ramirez-Llodra, Claudia HS Alt, Teresa Amaro, Melanie Bergmann, 

Miquel Canals, Jaime Davies et al. "Marine litter distribution and density in European 

seas, from the shelves to deep basins." PloS one 9, no. 4 (2014): e95839. 

Pierce, S. D., R. L. Smith, P. M. Kosro, J. A. Barth, and C. D. Wilson. "Continuity of the 

poleward undercurrent along the eastern boundary of the mid-latitude north Pacific." 

Deep Sea Research Part II: Topical Studies in Oceanography 47, no. 5-6 (2000): 811-829. 

Pitcher, Tony J., Telmo Morato, Paul JB Hart, Malcolm R. Clark, Nigel Haggan, and Ricardo S. 

Santos. Seamounts: Ecology, Fisheries & Conservation. Oxford, 2007.  

Pondella II, Daniel J., Matthew J. Robart, Jeremy T. Claisse, Jonathan P. Williams, Chelsea M. 

Williams, Amanda J. Zellmer, and Susan E. Piacenza. "Spatial and temporal fishing 

patterns at the outer banks of the Southern California Bight." Western North American 

Naturalist 78, no. 3 (2018): 341-358.  

Prouty, N. G., E. B. Roark, N. A. Buster, and Steve W. Ross. "Growth rate and age distribution 

of deep-sea black corals in the Gulf of Mexico." Marine Ecology Progress Series 423 

(2011): 101-115.  

Puig, Pere, Miquel Canals, Joan B. Company, Jacobo Martín, David Amblas, Galderic Lastras, 

Albert Palanques, and Antoni M. Calafat. "Ploughing the deep sea floor." Nature 489, no. 

7415 (2012): 286.  

Purkey, Sarah G., and Gregory C. Johnson. "Warming of global abyssal and deep Southern 

Ocean waters between the 1990s and 2000s: Contributions to global heat and sea level 

rise budgets." Journal of Climate, no. 23 (2010): 6336-6351.  



 California Seamounts 55 

Pusceddu, Antonio, Silvia Bianchelli, Jacobo Martín, Pere Puig, Albert Palanques, Pere Masqué, 

and Roberto Danovaro. "Chronic and intensive bottom trawling impairs deep-sea 

biodiversity and ecosystem functioning." Proceedings of the National Academy of 

Sciences 111, no. 24 (2014): 8861-8866. 

Ressurreição, Adriana, and Eva Giacomello. "Quantifying the direct use value of Condor 

seamount." Deep Sea Research Part II: Topical Studies in Oceanography 98 (2013): 209-

217. 

Riebesell, Ulf, Ingrid Zondervan, Björn Rost, Philippe D. Tortell, Richard E. Zeebe, and 

François MM Morel. "Reduced calcification of marine plankton in response to increased 

atmospheric CO 2." Nature 407, no. 6802 (2000): 364. 

Roark, E. Brendan, Thomas P. Guilderson, Robert B. Dunbar, Stewart J. Fallon, and David A. 

Mucciarone. "Extreme longevity in proteinaceous deep-sea corals." Proceedings of the 

National Academy of Sciences 106, no. 13 (2009): 5204-5208.  

Roberts, J. Murray, Andrew J. Wheeler, and André Freiwald. "Reefs of the deep: the biology and 

geology of cold-water coral ecosystems." Science 312, no. 5773 (2006): 543-547.  

Roberts, J. Murray, Andrew Wheeler, André Freiwald, and Stephen Cairns. Cold-water corals: 

the biology and geology of deep-sea coral habitats. Cambridge University Press, 2009.  

Roden, Gunnar I. "Effect of seamounts and seamount chains on ocean circulation and 

thermohaline structure." Seamounts, Islands, and Atolls (1987): 335-354. 

Rogers, A. D. "The biology of seamounts." Advances in marine biology, vol. 30 (1994): 305-

350.  

Rogers, Alex D., Amy Baco, Huw Griffiths, Thomas Hart, and Jason M. Hall-Spencer. "Corals 

on seamounts." Seamounts: Ecology, Fisheries and Conservation (2007): 141-169.  

Rowden, Ashley A., John F. Dower, Thomas A. Schlacher, Mireille Consalvey, and Malcolm R. 

Clark. "Paradigms in seamount ecology: fact, fiction and future." Marine Ecology 31 

(2010): 226-241.  

Rowe, Gilbert T., John Morse, Clifton Nunnally, and Gregory S. Boland. "Sediment community 

oxygen consumption in the deep Gulf of Mexico." Deep Sea Research Part II: Topical 

Studies in Oceanography 55, no. 24-26 (2008): 2686-2691.  

Royer, Thomas C. "Ocean eddies generated by seamounts in the North Pacific." Science 199, no. 

4333 (1978): 1063-1064.  

Sabine, Christopher L., and Richard A. Feely. "The oceanic sink for carbon dioxide." 

Greenhouse Gas Sinks (2007).  

Samadi, Sarah, Thomas Schlacher, and B. Richer de Forges. "Seamount benthos." Seamounts: 

Ecology, Fisheries and Conservation. Blackwell (2007): 119-140.  

Sandwell, David T., R. Dietmar Müller, Walter HF Smith, Emmanuel Garcia, and Richard 

Francis. "New global marine gravity model from CryoSat-2 and Jason-1 reveals buried 

tectonic structure." Science 346, no. 6205 (2014): 65-67. 

Santora, Jarrod A., and William J. Sydeman. "Persistence of hotspots and variability of seabird 

species richness and abundance in the southern California Current." Ecosphere 6, no. 11 

(2015): 1-19.  

Santos, Marco A., Alan B. Bolten, Helen R. Martins, Brian Riewald, and Karen A. Bjorndal. 

"Air-breathing visitors to seamounts: sea turtles." Seamounts: Ecology, Fisheries and 

Conservation. Fisheries and Aquatic Resource Series, Blackwell Scientific (2007): 239-

244.  



 California Seamounts 56 

Schlacher, Thomas A., Amy R. Baco, Ashley A. Rowden, Timothy D. O'Hara, Malcolm R. 

Clark, Chris Kelley, and John F. Dower. "Seamount benthos in a cobalt‐rich crust region 

of the central P acific: conservation challenges for future seabed mining." Diversity and 

Distributions 20, no. 5 (2014): 491-502. 

Schlining, Kyra, Susan Von Thun, Linda Kuhnz, Brian Schlining, Lonny Lundsten, Nancy 

Jacobsen Stout, Lori Chaney, and Judith Connor. "Debris in the deep: Using a 22-year 

video annotation database to survey marine litter in Monterey Canyon, central California, 

USA." Deep Sea Research Part I: Oceanographic Research Papers 79 (2013): 96-105.  

Schmidt, Ralf, and Hans-Ulrich Schmincke. "Seamounts and island building." Encyclopedia of 

Volcanoes (2000): 383-402.  

Sedberry, G., and J. Loefer. "Satellite telemetry tracking of swordfish, Xiphias gladius, off the 

eastern United States." Marine biology 139, no. 2 (2001): 355-360.  

Sharma, Rahul, B. Nagender Nath, G. Parthiban, and S. Jai Sankar. "Sediment redistribution 

during simulated benthic disturbance and its implications on deep seabed mining." Deep 

Sea Research Part II: Topical Studies in Oceanography 48, no. 16 (2001): 3363-3380. 

Smith, Kenneth L., Henry A. Ruhl, Mati Kahru, Christine L. Huffard, and Alana D. Sherman. 

"Deep ocean communities impacted by changing climate over 24 y in the abyssal 

northeast Pacific Ocean." Proceedings of the National Academy of Sciences 110, no. 49 

(2013): 19838-19841.  

Smith, Walter HF, and David T. Sandwell. "Global sea floor topography from satellite altimetry 

and ship depth soundings." Science 277, no. 5334 (1997): 1956-1962.  

Spero, Howard J., Jelle Bijma, David W. Lea, and Bryan E. Bemis. "Effect of seawater carbonate 

concentration on foraminiferal carbon and oxygen isotopes." Nature 390, no. 6659 

(1997): 497.  

Steinacher, Marco, Fortunat Joos, Thomas Lukas Frölicher, Gian-Kasper Plattner, and Scott C. 

Doney. "Imminent ocean acidification in the Arctic projected with the NCAR global 

coupled carbon cycle-climate model." Biogeosciences 6, no. 4 (2009): 515-533.  

Stierhoff, Kevin L., Melissa Neuman, and John L. Butler. "On the road to extinction? Population 

declines of the endangered white abalone, Haliotis sorenseni." Biological Conservation 

152 (2012): 46-52.  

Stierhoff, Kevin L., Melissa Neuman, Scott A. Mau, and David W. Murfin. "White abalone at 

San Clemente Island: population estimates and management recommendations." National 

Marine Fisheries Service Southwest Fisheries Science Center, National Oceanic and 

Atmospheric Administration. (2014). 

Stocks, Karen I., and Paul JB Hart. "Biogeography and biodiversity of seamounts." Seamounts: 

ecology, fisheries, and conservation. Blackwell Fisheries and Aquatic Resources Series 

12 (2007): 255-81.  

Sweetman, Andrew K., Andrew R. Thurber, Craig R. Smith, Lisa A. Levin, Camilo Mora, Chih-

Lin Wei, Andrew J. Gooday et al. "Major impacts of climate change on deep-sea benthic 

ecosystems." Elementa: Science of the Anthropocene 5 (2017): Art-No.  

Tarduno, John A., Robert A. Duncan, David W. Scholl, Rory D. Cottrell, Bernhard Steinberger, 

Thorvaldur Thordarson, Bryan C. Kerr et al. "The Emperor Seamounts: Southward 

motion of the Hawaiian hotspot plume in Earth's mantle." Science 301, no. 5636 (2003): 

1064-1069.  



 California Seamounts 57 

Thornburg, Christopher C., T. Mark Zabriskie, and Kerry L. McPhail. "Deep-sea hydrothermal 

vents: potential hot spots for natural products discovery?." Journal of natural products 73, 

no. 3 (2010): 489-499.  

Thresher, Ronald E., Bronte Tilbrook, Stewart Fallon, Nick C. Wilson, and Jess Adkins. "Effects 

of chronic low carbonate saturation levels on the distribution, growth and skeletal 

chemistry of deep-sea corals and other seamount megabenthos." Marine Ecology 

Progress Series 442 (2011): 87-99.  

Tissot, Brian N., Mary M. Yoklavich, Milton S. Love, Keri York, and Mark Amend. "Benthic 

invertebrates that form habitat on deep banks off southern California, with special 

reference to deep sea coral." Fishery Bulletin 104, no. 2 (2006): 167-181. 

Tittensor, Derek P., Amy R. Baco, Jason M. Hall‐Spencer, James C. Orr, and Alex D. Rogers. 

"Seamounts as refugia from ocean acidification for cold‐water stony corals." Marine 

Ecology 31 (2010): 212-225.  

Tittensor, Derek P., Amy R. Baco, Paul E. Brewin, Malcolm R. Clark, Mireille Consalvey, Jason 

Hall‐Spencer, Ashley A. Rowden, Thomas Schlacher, Karen I. Stocks, and Alex D. 

Rogers. "Predicting global habitat suitability for stony corals on seamounts." Journal of 

Biogeography 36, no. 6 (2009): 1111-1128.  

Tsukamoto, Katsumi. "Oceanic biology: spawning of eels near a seamount." Nature 439, no. 

7079 (2006): 929.  

Turley, C. M., J. Murray Roberts, and J. M. Guinotte. "Corals in deep-water: will the unseen 

hand of ocean acidification destroy cold-water ecosystems?." Coral reefs 26, no. 3 

(2007): 445-448.  

UNGA. “Resolution 61/105. Sustainable fisheries, including through the 1995 Agreement for the 

Implementation of the Provisions of the United Nations Convention on the Law of the 

Sea of 10 December 1982 relating to the Conservation and Management of Straddling 

Fish Stocks and Highly Migratory Fish Stocks, and related instruments.” United Nations 

General Assembly Resolution A/RES/61/105 (2007): 1-21. Available at 

www.un.org/Depts/los/general_assembly/general_assembly_resolutions.htm 

United States Department of the Navy. Northwest Training and Testing Environmental Impact 

Statement. National Marine Fisheries Service and United States Department of the Navy 

Technical Report. Silverdale, (2014).  

Van Dover, C. L., J. Aronson, L. Pendleton, S. Smith, Sophie Arnaud-Haond, D. Moreno-

Mateos, Edward Barbier et al. "Ecological restoration in the deep sea: Desiderata." 

Marine Policy 44 (2014): 98-106. 

Van Dover, Cindy Lee. "Mining seafloor massive sulphides and biodiversity: what is at risk?." 

ICES Journal of Marine Science 68, no. 2 (2010): 341-348.  

van Weering, Tjeerd CE, H. De Haas, H. C. De Stigter, H. Lykke-Andersen, and I. Kouvaev. 

"Structure and development of giant carbonate mounds at the SW and SE Rockall Trough 

margins, NE Atlantic Ocean." Marine Geology 198, no. 1-2 (2003): 67-81. 

Wagner, Hannes, Autun Purser, Laurenz Thomsen, Carlos César Jesus, and Tomas Lundälv. 

"Particulate organic matter fluxes and hydrodynamics at the Tisler cold-water coral reef." 

Journal of Marine Systems 85, no. 1-2 (2011): 19-29.  

Wall, Marlene, Federica Ragazzola, L. C. Foster, A. Form, and D. N. Schmidt. "pH up-

regulation as a potential mechanism for the cold-water coral Lophelia pertusa to sustain 

growth in aragonite undersaturated conditions." Biogeosciences 12, no. 23 (2015): 6869-

6880.  

http://www.un.org/Depts/los/general_assembly/general_assembly_resolutions.htm


 California Seamounts 58 

Waring, G. T., T. Hamazaki, Daniel Sheehan, Grayson Wood, and Sheekela Baker. 

"Characterization of beaked whale (Ziphiidae) and sperm whale (Physeter 

macrocephalus) summer habitat in shelf‐edge and deeper waters off the northeast US." 

Marine Mammal Science 17, no. 4 (2001): 703-717.  

Watling, Les, and Elliott A. Norse. "Disturbance of the seabed by mobile fishing gear: a 

comparison to forest clearcutting." Conservation Biology 12, no. 6 (1998): 1180-1197.  

Wessel, Paul, David T. Sandwell, and Seung-Sep Kim. "The global seamount census." 

Oceanography 23, no. 1 (2010): 24-33.  

Wessel, Paul. "Global distribution of seamounts inferred from gridded Geosat/ERS‐1 altimetry." 

Journal of Geophysical Research: Solid Earth 106, no. B9 (2001): 19431-19441. 

White, Martin, Igor Bashmachnikov, Javier Arístegui, and Ana Martins. "Physical processes and 

seamount productivity." Seamounts: Ecology, Fisheries and Conservation (2007): 65-84.  

White, Scott M., Ken C. Macdonald, Daniel S. Scheirer, and Marie‐Helène Cormier. 

"Distribution of isolated volcanoes on the flanks of the East Pacific Rise, 15.3°S–20°S." 

Journal of Geophysical Research: Solid Earth 103, no. B12 (1998): 30371-30384. 

Wickes, Leslie N. The effect of acidified water on the cold-water coral, Lophelia pertusa: 

distribution in the Southern California Bight and analysis of skeletal dissolution. Masters 

Thesis, College of Charleston, 2014. 

Winton, Michael, Stephen M. Griffies, Bonita L. Samuels, Jorge L. Sarmiento, and Thomas L. 

Frölicher. "Connecting changing ocean circulation with changing climate." Journal of 

Climate 26, no. 7 (2013): 2268-2278.  

Woodall, Lucy C., Laura F. Robinson, Alex D. Rogers, Bhavani E. Narayanaswamy, and Gordon 

LJ Paterson. "Deep-sea litter: a comparison of seamounts, banks and a ridge in the 

Atlantic and Indian Oceans reveals both environmental and anthropogenic factors impact 

accumulation and composition." Frontiers in Marine Science 2 (2015): 3.  

Worm, Boris, Heike K. Lotze, and Ransom A. Myers. "Predator diversity hotspots in the blue 

ocean." Proceedings of the National Academy of Sciences 100, no. 17 (2003): 9884-

9888. 

Yen, P. P. W., W. J. Sydeman, S. J. Bograd, and K. D. Hyrenbach. "Spring-time distributions of 

migratory marine birds in the southern California Current: Oceanic eddy associations and 

coastal habitat hotspots over 17 years." Deep Sea Research Part II: Topical Studies in 

Oceanography 53, no. 3-4 (2006): 399-418.  

Yesson, Chris, Malcolm R. Clark, Michelle L. Taylor, and Alex D. Rogers. "The global 

distribution of seamounts based on 30 arc seconds bathymetry data." Deep Sea Research 

Part I: Oceanographic Research Papers 58, no. 4 (2011): 442-453.  

Yoklavich, M and W Wakefield. “Pacific Coast Region.” In: Our Living Oceans: Status of the 

Habitat of U.S. Living Marine Resources.” NOAA Technical Memorandum NMFS-

F/SPO-75, (2015): 189-221.  

Zweng, Melissa M., James R. Reagan, John I. Antonov, Ricardo A. Locarnini, Alexey V. 

Mishonov, Timothy P. Boyer, Hernan E. Garcia et al. "World ocean atlas 2013. Volume 

2, Salinity." (2013). 

 

 

 

 



 California Seamounts 59 

Appendix 1: California Seamount Case Studies 

 

The following case studies explore some of the better-explored and studied seamounts off the 

coast of California. They were originally prepared as a series of public outreach blogs posted to 

the California Seamount Coalition website, Marine Conservation Institute’s blog ‘On the Tide’, 

and the Mission Blue website.  

 

Marine Conservation Institute is a co-founder of the California Seamount Coalition along 

with Surfrider Foundation and Wildcoast. Scientists believes that there are more than 60 

seamounts in the offshore waters of California. The California Seamount Coalition is bringing 

awareness to these underwater treasures and working to secure their long-term protection. 

 

For more information visit the website – www.CaliforniaSeamounts.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://marine-conservation.org/
http://www.californiaseamounts.org/
https://www.surfrider.org/
http://wildcoast.org/
http://www.californiaseamounts.org/
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Davidson Seamount: A Deep-Sea Oasis 

 

 
Position of the Davidson Seamount within California waters (left) and three-dimensional map of 

the Davidson Seamount (right).  

 

Davidson Seamount is an underwater volcano located just 75 miles off the coast of 

California. Its summit rises an impressive 7500 feet above the surrounding seafloor, yet still 

remains hidden beneath 4100 feet of water. One of the largest seamounts in U.S. waters, it is 

uniquely oblong in shape – extending over a massive area 26 miles long and 8 miles wide. The 

seamount formed an estimated 20 million years ago, with its last volcanic eruption occurring 

well over 9 million years ago. Today, the volcano is considered to be extinct, but is still growing 

at a barely perceptible rate due to the minute accumulation (1-7 mm per year) of ferromanganese 

oxide crusts. 

Davidson Seamount was the first seamount officially recognized in U.S. waters. In 1938, 

it was designated by the United States Board on Geographic Names, named after George 

Davidson, a geographer and astronomer responsible for much of the early charting of the west 

coast. Accordingly, it has attracted more exploration and scientific study than other seamounts in 

U.S. waters, with a large number of survey expeditions over the past several decades. Scientists 

have used a variety of sophisticated instruments to plumb the depths of this massive seafloor 

mountain. One of the earliest surveys occurred in 2002, when a joint MBARI and NOAA 

mission used a remotely operated vehicle (ROV) to visually survey the flanks and summit of the 

seamount. ROVs are specially built robots that are controlled by a pilot onboard a research 

vessel, and can be outfitted with cameras, manipulator arms, sampling devices, and a wide 

variety of sensors. Since 2000, over 30 ROV dives have been conducted on Davidson Seamount, 

http://www.californiaseamounts.org/2019/03/25/davidson-seamount/
https://montereybay.noaa.gov/research/dsmz/
https://tos.org/oceanography/assets/docs/23-1_clague.pdf
https://tos.org/oceanography/assets/docs/23-1_clague.pdf
https://en.wikipedia.org/wiki/George_Davidson_(geographer)
https://en.wikipedia.org/wiki/George_Davidson_(geographer)
https://oceanexplorer.noaa.gov/explorations/02davidson/davidson.html
https://oceanexplorer.noaa.gov/explorations/02davidson/davidson.html
https://www3.mbari.org/expeditions/vessels_vehicles/tiburon_legacy.html
https://tos.org/oceanography/assets/docs/23-1_clague.pdf
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with additional observations coming from other technologies including automated underwater 

vehicles (AUVs) – robots that can be programmed to conduct surveys without a pilot controlling 

them, towed camera systems, and multibeam echosounders that map the shape of the seafloor 

using sonar. Despite these repeated expeditions to Davidson Seamount, less than 1% of its area 

has been surveyed.   

 

 
A sea anemone, bearing a striking resemblance to a Venus flytrap, on the Davidson Seamount 

off California. Image courtesy of NOAA and MBARI. 

 

Seamounts are highly productive ‘oases’ in the deep sea, providing ecologically crucial 

habitats that support biodiversity hotspots throughout the world’s oceans. In part, this stems from 

the large effects that seamounts exert on local currents, resulting in reduced sedimentation rates, 

the increased upwelling of nutrient-rich water, and the greater influx and retention of food. As a 

result, seamounts are often hotspots of endemic species that do not occur in other marine 

environments; on average approximately 20% of seamount species are considered to be endemic 

to seamounts. A wide variety of organisms are associated with seamounts, including pelagic 

species such as tuna, sharks, billfish, seabirds, sea turtles, and marine mammals, as well as 

benthic organisms such as deep-water corals and other invertebrates.  

Davidson Seamount is no exception. It is home to more than 230 species, including 25 

species of deep-water corals – some of which are bamboo corals over 200 years old. Deep-water 

corals and sponges are particularly important as they create three-dimensional habitat structures 

that provide food and shelter for a large number of associated species, including many 

commercially important fish. These deep-water coral reefs can be considered the ‘old-growth 

forests’ of the ocean – they are long-lived, slow growing, and extremely slow to recover 

following disturbance. Amazingly, 15 previously unknown species have already been discovered 

on Davidson Seamount; more may be discovered in subsequent expeditions.    

http://www.whoi.edu/main/towcam
https://en.wikipedia.org/wiki/Multibeam_echosounder
https://www.mbari.org/davidson_nautilus/
https://www.photolib.noaa.gov/htmls/expl0811.htm
https://onlinelibrary.wiley.com/doi/10.1002/9780470691953.ch13
https://montereybay.noaa.gov/research/dsmz/welcome.html
https://montereybay.noaa.gov/research/dsmz/welcome.html
https://link.springer.com/chapter/10.1007/3-540-27673-4_51
https://montereybay.noaa.gov/research/techreports/trburton2008.html
https://www.photolib.noaa.gov/htmls/expl0811.htm
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An orange basket star covers a Picasso sponge at Davidson Seamount, California. Image 

courtesy of NOAA and MBARI. 

 

 Seamount ecosystems are increasingly at risk from a number of anthropogenic 

disturbances including pollution, oil and natural gas extraction, deep-sea mining, fishing, and 

climate change. In many areas, including Californian waters, these habitats have been 

significantly damaged by bottom-trawling fisheries that drag enormous nets along the seafloor, 

indiscriminately catching corals, sponges, and fish. While global-scale disturbances – such as 

ocean warming or acidification – are difficult to mitigate, removing or reducing local 

disturbances –such as fishing and oil drilling – can greatly improve these ecosystem’s health and 

natural resilience to other stressors. The habitat structures created by deep-water corals and 

sponges in these ecosystems are extremely fragile and highly sensitive to disturbance – once 

damaged, these areas may not recover within our lifetimes. Therefore, it is imperative that we 

enact strong protection for these habitats before they are irrevocably damaged.  

While most deep-sea habitats are not well protected (out of sight, out of mind), Davidson 

Seamount was added to the Monterey Bay National Marine Sanctuary (MBNMS) in 2008, 

making it the first seamount to gain official protection in U.S. waters (the expansion also added 

an impressive 775 square miles to the sanctuary). The MBNMS was originally designated in 

1992, and confers federal protections to a large swath of coastal waters extending more than 275 

miles south of San Francisco. The pristine nature of Davidson Seamount, along with its 

incredibly high biodiversity and abundance of benthic organisms, led to its inclusion in the 

MBNMS. However, in 2017, a Presidential Executive Order authorized the U.S. Department of 

Commerce to reevaluate the status of marine sanctuaries and monuments in light of renewed 

http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0022588
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0022588
http://www.californiaseamounts.org/2018/10/02/california-deep-sea-ocean-pollution-plastics/
https://montereybay.noaa.gov/
https://www.kqed.org/science/1594084
http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
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interest in these areas as targets for offshore oil and natural gas drilling. Commercial interest in 

deep-sea habitats highlights the importance of the protections that Davidson Seamount currently 

enjoys, but also contextualizes the alarming lack of protection for other seamounts in U.S. 

waters.  

 

 
Yellow Picasso sponge and white sponges on Davidson Seamount. Image courtesy of NOAA 

and MBARI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
http://www.deepseanews.com/2009/02/seamount-life-is-unique-just-not-in-the-way-we-thought/
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Gorda and Mendocino Ridges – California’s Test Cases for Deep-Sea Mining 

 

 
Position of Gorda and Mendocino Ridges within Californian waters (left), and three-dimensional 

maps of each (right). 

 

The Gorda and Mendocino Ridges are a complex series of oceanic ridges just off the coast of 

northern California, and are home to unique deep-sea ecosystems including hydrothermal vents 

and cold seeps. Unfortunately, these areas may be at risk from future deep-sea mining efforts. It 

is critical that we enact protection for these diverse habitats before they are irrevocably damaged 

by commercial activities.  

 

Hydrothermal Vents 

Only discovered in 1977, hydrothermal vents are incredible deep-sea ecosystems that form due 

to the venting of extremely hot and mineral rich fluids into the water column. Hydrothermal 

vents occur when fractures in the seafloor allow seawater and magma to meet, resulting in the 

venting of extremely hot (750°F and higher) fluids into the water column. These fluids are hot 

enough to cause minerals such as silica, sulfide, and heavy metals to leach from the surrounding 

rocks. When vent fluids hit the cold seawater above, these minerals precipitate into a cloud of 

either black (iron sulfide) or white (calcium and silicon) particles that look like a large plume of 

smoke, and eventually solidify into large chimney-like structures.   

http://www.californiaseamounts.org/2019/04/02/gorda-and-mendocino-ridges/
https://www.whoi.edu/main/topic/hydrothermal-vents
https://oceanservice.noaa.gov/facts/vents.html
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Tubeworms cover a deep-sea hydrothermal vent near the Galápagos Islands. Image courtesy of 

NOAA. 

 

Entire communities of deep-sea species rely on these vent fluids as their sole source of energy – 

one of the only ecosystems on the planet that does not ultimately rely on sunlight. These 

ecosystems rely on chemosynthetic bacteria that can convert hydrogen sulfide into organic 

compounds that form the basis for entire hydrothermal vent food chains. Some of these bacteria 

are housed by other organisms – the most notable being giant tubeworms that have no digestive 

system, but instead feed solely on the organic matter their symbiotic bacteria produce, and can 

grow to be five feet tall.  

    

Cold Seeps 

Like hydrothermal vents, cold seeps are areas of the seafloor where hydrocarbon-rich (typically 

methane and hydrogen sulfide) fluids leak (or ‘seep’) into the water column. Like their name 

suggests, cold seeps are much colder than the fluids at hydrothermal vents. However, these fluids 

also form the basis for entire ecosystems – starting with the bacteria that convert these chemicals 

into organic matter. When these bacteria are free-living (not housed in another organism), the 

process of metabolizing seep fluids also generates calcium carbonate, eventually creating rocky 

substrate that is colonized by deep-sea organisms such as cold-water corals and sponges. These 

bacteria have also evolved to live inside organisms such as Bathymodiolus mussels, which in 

turn get all of their food from their bacteria residents.  

 

https://oceanexplorer.noaa.gov/
https://www.youtube.com/watch?v=QffkyLYB_PA
https://en.wikipedia.org/wiki/Cold_seep
https://en.wikipedia.org/wiki/Bathymodiolus
https://www.flickr.com/photos/oceanexplorergov/6837383487
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A field of chemosynthetic mussels at a cold seep. Image courtesy of NOAA. 

 

Gorda Ridge 

Gorda Ridge is located approximately 120 miles off the coast of northern California at the 

intersection of the Gorda Plate, the Juan de Fuca Plate, and the Pacific Plate. As the Pacific and 

Gorda plates move apart due to plate tectonics, the resulting spreading center created the ridge 

approximately 30 million years ago, and continues to cause volcanic and seismic activity in the 

region. A large eruption was observed as recently as 1996, covering an area of seafloor over 650 

feet and two miles long with lava. As a result of this tectonic activity, Gorda Ridge houses the 

only known hydrothermal vent ecosystem within the U.S. exclusive economic zone, home to 

unique vent species such as vestimentiferan tubeworms (Ridgeia piscesa), and a newly 

discovered species of limpet (Lepetodrilidae gordensis).  

 

Mendocino Ridge 

Mendocino Ridge is located off the coast of northern California along the Mendocino Fracture 

Zone, which extends for over 3,000 miles east across the Pacific Ocean. The eastern part of 

Mendocino Ridge, known as the Gorda Escarpment, exists at the boundary of the Pacific and 

Gorda Plates, resulting in high levels of seismic and volcanic activity. As a result, the area 

houses cold seep communities. While chemosynthetic bacteria and the tubeworms, clams, and 

mussels they inhabit form the basis for these communities, the resulting surge in productivity in 

the otherwise sparsely populated deep sea has resulted in some of the highest deep-sea fish and 

octopus biomass ever documented. High densities of brooding octopuses (Graneledone 

boreopacifica) led scientists to label this area a reproductive ‘hot-spot’, suggesting that these 

ecosystems are important habitats even for species that are not exclusively located on cold seeps. 

https://oceanexplorer.noaa.gov/
https://www.livescience.com/37706-what-is-plate-tectonics.html
https://www.volcanodiscovery.com/north-gorda-ridge.html
https://www.sciencedirect.com/science/article/pii/S0967064597000763
https://www.ncbi.nlm.nih.gov/pubmed/16641519
https://www.jstor.org/stable/1543439
https://www.jstor.org/stable/1543439
https://deepwatercanyons.wordpress.com/2013/05/08/discovery-of-a-new-deep-chemosynthetic-community/
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Therefore, the loss of the seep habitats on Mendocino Ridge may have large ramifications for the 

health and diversity of other deep-sea habitats in the region.  

 

 
A diverse assemblage of benthic organisms on a sponge garden at Mendocino Ridge. Image 

courtesy of NOAA NWFSC. 

 

Deep-Sea Mining 

After decades of damage stemming from bottom-trawl fisheries and the extraction of oil and 

natural gas, the deep sea faces a new threat: the deep-sea mining of seafloor minerals. The deep 

sea holds large quantities of untouched precious metals and other minerals. The minerals 

deposited by vent fluids make hydrothermal vents prime targets for the deep-sea mining of 

silver, gold, copper, manganese, cobalt, and zinc. Recent technological advancements, coupled 

with the rising demand and prices of these minerals, have made deep-sea mining increasingly 

commercially viable. Several companies have obtained mining leases for large areas of the 

seafloor, and preliminary mining operations have already been conducted off the coast of Japan.  

 

Unfortunately, deep-sea mining causes wholesale destruction to benthic ecosystems. Large areas 

of the seafloor are ripped apart by the massive machines used to mine ore. Neighboring habitats 

not in the direct mining area are still affected by the turbid and potentially toxic plume of 

sediments released during the mining process. While early mineral leases for Gorda Ridge were 

abandoned due to a lack of technology and low commodity prices, renewed interest in deep-sea 

mining means that these sites may be targeted in the future. It is critical to enact strong 

protections to safeguard the unique and diverse ecosystems found on the Gorda and Mendocino 

Ridges before they are destroyed by deep-sea mining or other anthropogenic disturbances.  

https://www.nwfsc.noaa.gov/
https://www.frontiersin.org/articles/10.3389/fmars.2017.00418/full
https://www.nationalgeographic.com/environment/2018/08/news-race-to-mine-deep-sea-drones-seafloor-environmental-impact/
https://www.japantimes.co.jp/news/2017/09/26/national/japan-successfully-undertakes-large-scale-deep-sea-mineral-extraction/
https://www.sciencedirect.com/science/article/pii/S0967064501000522
https://academic.oup.com/icesjms/article/68/2/341/616315
https://twitter.com/NOAAFish_NWFSC/status/1057312201332023296
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Cortes and Tanner Banks: Recreation and Biodiversity Hotspots 

 

 

Position of Cortes and Tanner Banks within California waters (left) and three-dimensional map of 

the banks (right).  

 

Cortes and Tanner Banks 

 

Cortes and Tanner Banks are twin seamounts located approximately 80 miles off the coast of 

California, and just five miles from each other. As recently as 10,000 years ago, the banks would 

have been classified as islands instead of seamounts, as rocky outcrops on their summits 

breached the ocean surface due to a lower sea level during the last ice age. Today, these sunken 

islands lie just below the surface. Bishop Rock, the high point on Cortes Bank, is typically only 

submerged by approximately 3-6 feet of water depending on tides and ocean swell. During 

storms, it is even possible to see the rocky tip of this seamount in the troughs of large waves!   

 

A large part of these seamount’s notoriety lies in their nearness to the surface. Bishop Rock 

creates a serious shipping hazard – in 1986 the USS Enterprise aircraft carrier smashed into the 

bank, costing the Navy $17 million dollars in repairs. Another shipwreck – the SS Jalisco – was 

intentionally brought to Cortes Bank to scuttle it and create an artificial island designed to 

harvest abalone. Before the ship was maneuvered into the correct place however, it smashed into 

Bishop Rock and sank into deeper waters. Soon after, the federal government claimed the banks 

as U.S. territory, crushing any dreams of future artificial islands.  

http://www.californiaseamounts.org/2019/04/09/cortes-and-tanner-banks/
https://taskandpurpose.com/uss-enterprise-cortes-bank-incident
https://taskandpurpose.com/uss-enterprise-cortes-bank-incident
https://www.atlasobscura.com/articles/cortes-bank
https://en.wikipedia.org/wiki/Abalone
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Bright pink hydrocorals (Stylaster californicus) and squarespot rockfish (Sebastes hopkinsi) cover 

the seascape at Tanner Bank. Photo courtesy of NOAA Southwest Fisheries Science Center.  

 

Recreational Activity at the Banks 

 

The shallowness of Cortes and Tanner Banks also supports a myriad of reactional activities. The 

banks are popular destinations for scuba divers, who flock to the area in search of clear water, 

shipwrecks, massive kelp forests, abundant coral and fish life, and lobster fishing. Using only 

their hands, divers report catching massive California spiny lobsters (or ‘bugs’ as they are known 

in the fishing community) at the banks weighing up to 10 pounds each.  

 

The unique geography of the banks has also cemented their status as a legendary surfing spot. 

The offshore and deep-water location of these seamounts brings massive, fast-moving ocean 

swells that sweep over their shallow summits, resulting in some of the world’s largest breaking 

waves. While the world record for surfing the largest wave moves around often (currently, an 80 

foot wave in Portugal), it has been broken at Cortes Bank several times in the past decade – most 

recently with Mike Parson’s 77-footer in 2008.   

 

 

https://swfsc.noaa.gov/
https://www.nationalgeographic.com/photography/photo-of-the-day/2012/9/cortes-bank-skerry/
https://www.latimes.com/archives/la-xpm-1987-02-11-sp-1675-story.html
https://en.wikipedia.org/wiki/California_spiny_lobster
http://www.worldsurfleague.com/posts/286867/big-wave-champs-lead-strike-to-cortes-bank
https://matadornetwork.com/sports/big-wave-surfing-at-cortes-banks-ghost-wave-pics/
https://matadornetwork.com/sports/big-wave-surfing-at-cortes-banks-ghost-wave-pics/
https://www.independent.co.uk/sport/general/rodrigo-koxa-video-surf-biggest-wave-world-record-surfing-watch-nazare-beach-portugal-a8329466.html
https://www.independent.co.uk/sport/general/rodrigo-koxa-video-surf-biggest-wave-world-record-surfing-watch-nazare-beach-portugal-a8329466.html
https://youtu.be/2Hdpm8lUJRw
https://deepseacoraldata.noaa.gov/gallery/tanner-and-cortes-banks
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Brown stony corals (Coenocyathus bowersi, foreground) and pink hydrocorals (Stylaster 

californicus, background) provide habitat for a large school of rockfish at Cortes Bank. Photo 

courtesy of NOAA Southwest Fisheries Science Center.  

 

Biodiversity at the Banks 

 

In addition to creating massive waves for surfers, the size and shape of Cortes and Tanner Banks 

causes the upwelling of cold and nutrient-rich water to the surface, supporting a highly 

productive ecosystem brimming with marine life. Like many seamounts, the banks are home to a 

large number of habitat-forming benthic organisms including cold-water corals and sponges. The 

structures produced by these species support a large number of associated benthic species 

including anemones, sea stars, and rockfish. An astonishing 137 fish species, including 50 

rockfish species, have been observed at the banks. Due to the shallowness of their summits, these 

seamounts are unique in their ability to host over 34 species of marine algae – important habitat 

formers and nutrient recyclers. The banks also provide critical habitat for the endangered white 

abalone.  

 

https://swfsc.noaa.gov/
http://aquaticcommons.org/8988/
https://link.springer.com/article/10.1007/s10641-008-9389-8
chrome-extension://oemmndcbldboiebfnladdacbdfmadadm/https:/www.int-res.com/articles/meps/4/m004p159.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0006320703001897
https://www.sciencedirect.com/science/article/abs/pii/S0006320703001897
https://deepseacoraldata.noaa.gov/gallery/tanner-and-cortes-banks
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A gray whale (Eschrichtius robustus) and her calf, one of the many marine mammal species that 

use the productive waters above Cortes and Tanner Banks to feed or reproduce. Photo courtesy of 

NOAA Fisheries.  

 

The nutrient-rich waters around the banks also support a thriving array of pelagic life. Many 

predatory fish migrate above the seamounts, including albacore, skipjack bluefin tuna, swordfish, 

thresher sharks, and leopard sharks. The area is also home to four species of endangered sea 

turtles (loggerhead, olive ridley, green, and leatherback), and is an essential feeding, 

reproductive, and migratory habitat for over 35 species of marine mammals. The banks are 

seasonally visited by endangered blue and fin whales, and are key migratory pathways for gray 

and humpback whales. In addition, dolphins, sea lions, orcas, sperm whales, and elephant seals 

can be seen foraging in the area.  

 

Fishing Impacts 

 

Unfortunately, Cortes and Tanner Banks are heavily fished. Recreational and commercial 

fisheries target this highly productive area for a wide range of species including tuna, swordfish, 

rockfish, seabass, sea urchins, squid, mackerel, and spiny lobsters. Recreational fishers catch an 

estimated 5,000-10,000 fish per year, with an estimated industry value of $6.5 million. While 

commercial fishing catches have been decreasing over the past several decades, the average 

annual catch is valued at approximately $400,000 – approximately 0.5% of the total California 

catch. The abalone fishery, which historically heavily targeted the banks, was closed to 

https://www.fisheries.noaa.gov/species/gray-whale
https://spo.nmfs.noaa.gov/sites/default/files/tm75.pdf
https://www.researchgate.net/publication/278157332_Southern_California_Bight_marine_mammal_density_and_abundance_from_aerial_surveys_2008-2013
https://www.researchgate.net/publication/329438669_Spatial_and_Temporal_Fishing_Patterns_at_the_Outer_Banks_of_the_Southern_California_Bight
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=31768&inline
https://www.pressdemocrat.com/news/9058818-181/california-poised-to-extend-abalone
https://www.fisheries.noaa.gov/species/gray-whale
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commercial activity in 1997, and will be closed for recreational fishers until at least 2021 due to 

alarming population declines. It is critical to secure protection for the vibrant and productive 

ecosystems at Cortes and Tanner Banks before they are irrevocably harmed by fishing or other 

human impacts.  
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Gumdrop and Pioneer Seamounts – Offshore Seabird Havens 

 

Left: position of Gumdrop and Pioneer Seamounts within California waters. Right: three-

dimensional map of Pioneer Seamount (foreground) and Gumdrop Seamount (background).  

 

Gumdrop and Pioneer Seamounts 

 

Gumdrop and Pioneer are neighboring seamounts located approximately 45 miles off the coast of 

California, close to San Francisco. The summit of Pioneer Seamount sits approximately half a 

mile (2,690 feet) below the surface, while Gumdrop Seamount is even deeper – 3,960 feet down. 

The seamounts are largely made up of various forms of basalt – a common volcanic rock type 

that forms when iron-rich lava cools quickly. Unlike many seamounts, which often form at the 

tumultuous intersection of two or more tectonic plates, they are both examples of intraplate 

volcanoes. Along with neighboring seamounts including Davidson, Guide, and Rodriguez, these 

types of volcanoes form within a single tectonic plate due to plumes of extremely hot mantle 

forcing its way through weaknesses in the Earth’s crust – in this case, likely due to the 

occurrence of an ancient spreading center. These seamounts also have a unique morphology, as 

they are comprised of a series of cones and ridges separated by sediment-filled troughs, as 

opposed to the more typical conical seamounts.  

 

 

http://www.californiaseamounts.org/2019/04/17/gumdrop-and-pioneer-seamounts/
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/114/3/316/183844/seamounts-at-the-continental-margin-of-california?redirectedFrom=fulltext
https://www.geolsoc.org.uk/Plate-Tectonics/Chap2-What-is-a-Plate
https://www.britannica.com/science/spreading-center
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/114/3/316/183844/seamounts-at-the-continental-margin-of-california?redirectedFrom=fulltext
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Only scientifically described in 2003, the gumdrop jelly (Tiburonia granrojo) was named after a 

rare observation on Gumdrop Seamount in 1998. Photo courtesy of NOAA/MBARI.  

 

Home to Newly Discovered Species 

 

While Gumdrop and Pioneer have unique origins compared to many other seamounts, they 

support similarly high levels of biodiversity. Pioneer Seamount has a particularly dense cover of 

benthic organisms, dominated by cold-water corals (23 species and counting!), crinoids, and 

sponges. Scientists attribute the high abundances of benthic organisms at Pioneer Seamount due 

to its shallower summit depth and associated increased nutrient availability. A number of newly 

discovered species can also be found at these seamounts, including numerous soft corals 

(Chrysogorgia sp., Isidella tentaculum, and Gersemia juliepackardae), urchins (Araeosoma 

leptaleum), sea stars (Hippasteria tiburoni), and the gumdrop jelly (Tiburonia granrojo). The 

gumdrop jelly (also called ‘big red’) was named after a rare observation in 1998 on Gumdrop 

Seamount, one of only 22 sightings in the world. This incredible sea jelly can grow to be 30 

inches across, and has thick oral arms instead of the whip-thin tentacles found in most other 

species. 

 

Seamounts as Seabird Havens 

 

https://www.photolib.noaa.gov/bigs/expl0783.jpg
https://www.int-res.com/abstracts/meps/v374/p23-32/
https://www.int-res.com/abstracts/meps/v374/p23-32/
https://www.int-res.com/abstracts/meps/v374/p23-32/
https://www.pbsw.org/doi/abs/10.2988/08-16.1
https://academic.oup.com/zoolinnean/article/171/2/422/3797070
https://link.springer.com/article/10.1007/s00227-003-1047-2
https://www.photolib.noaa.gov/bigs/expl0783.jpg


 California Seamounts 75 

Surprisingly, these massive volcanoes located thousands of feet below the surface of the ocean 

also support a pelagic ecosystem teeming with life, including a variety of seabirds. Seabirds have 

long been known to associate with seamounts, using the productive waters above as important 

foraging grounds. Charles Darwin, more famous for his theory of evolution, was among the first 

to describe this remarkable association. Seamounts are so massive that they generate their own 

current patterns, often causing the upwelling of cold, nutrient rich water from the deep ocean. 

This supports a large diversity and abundance of life, including the upper water column prey that 

seabirds feed on. In one study of seamounts in the north Pacific Ocean, seabirds were found to be 

2-40 times more abundant in the waters above seamounts as compared to other stretches of open 

ocean.  

 

 
A breeding rhinoceros auklet (Cerorhinca monocerata), one of the many seabird species that 

relies on the productive waters above Gumdrop and Pioneer Seamounts to forage. Photo courtesy 

of Mick Thompson (CC BY-NC 2.0). 

 

Shearwaters, albatrosses, petrels, terns, and auklets travel thousands of miles to feed in the 

productive waters above Gumdrop and Pioneer. As a result, these seamounts have become travel 

destinations for pelagic bird watching tours, with avid birders hoping to spot species that are less 

commonly seen near the coast. Some species, like Cook’s petrel (Pterodroma cookii) and the 

rhinoceros auklet (Cerorhinca  monocerata), have been shown to preferentially feed in more 

productive, cooler waters, explaining their annual migration to Gumdrop and Pioneer. Cook’s 

petrel, listed as a ‘vulnerable’ species, breeds on small islands off the coast of New Zealand, but 

makes the long trek to these seamounts every year to feed.   

https://en.wikipedia.org/wiki/Pelagic_zone
https://link.springer.com/article/10.1007/BF00350317
https://www.flickr.com/photos/mickthompson/28777858956
https://www.int-res.com/abstracts/meps/v590/p211-226/
https://www.int-res.com/abstracts/meps/v370/p271-284/
https://www.int-res.com/abstracts/meps/v590/p211-226/
https://www.iucnredlist.org/species/22697975/132616449
https://www.flickr.com/photos/mickthompson/28777858956
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Unfortunately, seabirds are in a steep decline. Global seabird populations have declined by 

almost 70% since 1950, with an estimated two hundred and thirty million seabirds lost. Wide-

ranging pelagic species, which includes those that frequent seamount habitats, have experienced 

the biggest losses. While great efforts are being made worldwide to protect breeding and nesting 

habitats for threatened, vulnerable, or endangered seabirds, it is important to also protect the vital 

foraging grounds that occur above seamounts. Seamount ecosystems are threatened by a large 

array of human disturbances, including pollution, climate change, deep-sea mining, oil drilling, 

and fisheries. Protecting these fragile seamount ecosystems will help conserve seabirds, as well 

as the incredible – often yet to be discovered – benthic life that inhabits them.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129342
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129342
https://www.audubon.org/conservation/project/saving-seabirds
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San Juan Seamount: An Ancient Archipelago 

 

 
Position of the San Juan Seamount within California waters (left) and three-dimensional map of 

the San Juan Seamount (right).  

 

San Juan Seamount 

 

Seamounts are massive underwater mountains – usually extinct volcanoes – that tower thousands 

of feet above the seafloor. Some seamounts however, including the San Juan Seamount off the 

coast of southern California, were once ancient islands. San Juan started to form approximately 

20 million years ago when seafloor eruptions spewed massive quantities of basalt and other 

volcanic rocks into the water column. San Juan was volcanically active for an estimated 9.7 

million years, and it most recently erupted approximately 2.8 million years ago. For around a 

million years before it slipped back beneath the waves (10-14 million years ago), it existed as a 

series of eight small islands, maxing out at 460 feet above sea level with a total area of 

approximately one square mile (a little larger than Monaco and Vatican City – the world’s 

smallest countries). Today, the summit of San Juan seamount sits 1,837 feet below the surface of 

the ocean. Some of the exposed surfaces of the seamount were eroded by wind and waves, as 

evidenced today by weathered rocks and the remnants of sandy beaches. However, the main 

culprit for the sinking of San Juan back beneath the waves is not erosion, but rather subsidence. 

Seamounts are so massive that they can cause the ocean crust beneath them to flex and compress, 

making the seamount sink lower and lower. In the case of San Juan Seamount, the ocean crust 

also compressed significantly due to thermal contraction – meaning that the crust shrank as it 

cooled down once volcanic activity ceased.  

 

http://www.californiaseamounts.org/2019/04/24/san-juan-seamount/
https://www.livescience.com/3802-ancient-sunken-islands-california.html
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2009GC002665
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2009GC002665
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2010GC003064
https://www.sciencedirect.com/science/article/pii/S0025322709001789
https://oceanservice.noaa.gov/facts/subsidence.html
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The remotely operated vehicle (ROV) Hercules explores the San Juan Seamount. Photo courtesy 

of Ocean Exploration Trust.  

 

Deep-Sea Exploration 

 

San Juan Seamount was first explored in 1941 when a single dredge recovered rocks from a 

depth of 5,000 feet (two other dredges were attempted, of these one was damaged and the other 

lost). In 2003 and 2004, the Monterey Bay Aquarium Research Institute conducted the first 

visual surveys of the seamount using a considerably more advanced approach, subsequently 

followed by a 2016 expedition by Ocean Exploration Trust. Just by looking at the incredible 

imagery that these expeditions returned with, you mighty correctly guess that our ability to study 

the deep sea has improved considerably since 1941.  

 

The deep sea is challenging to explore. Surveying seamounts requires technology that can handle 

a highly pressurized, dark, and cold environment. Early approaches, including dredging, box 

coring, and towed camera arrays, are limited in their capabilities but are still widely used because 

they are inexpensive and easy to operate. One of the biggest innovations in deep-sea research 

was the introduction of submersibles that allow for directed exploration of the seafloor. Human 

occupied vehicles (HOVs) are submersibles that carry small teams of scientists into the deep sea, 

allowing them to maneuver across the seafloor to take photographs and videos, collect biological 

and geological samples, and measure environmental conditions using a large variety of sensors. 

Remotely operated vehicles (ROVs) are robotic submersibles that are piloted from a ship. They 

remain attached to the ship with a long tether that supplies power to the ROV and transmits 

images, video, and other data back to the ship. Some expedition vessels (for example, the 

Okeanos Explorer and the Nautilus) have recently begun to live telecast the video from ROV 

surveys over the internet, allowing anyone to follow along in real time from the shore. 

Automated underwater vehicles (AUVs) are the most recent addition to the submersible fleet. 

https://nautiluslive.org/cruise/na073
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/52/12_1/1869/3840/nondepositional-physiographic-environments-off-the?redirectedFrom=fulltext
https://en.wikipedia.org/wiki/Dredging
https://www.mbari.org/ancient-islands-off-southern-california/
https://www.mbari.org/ancient-islands-off-southern-california/
https://nautiluslive.org/cruise/na073
https://www.youtube.com/watch?v=vOF3zOITpNo
https://www.youtube.com/watch?v=vOF3zOITpNo
https://en.wikipedia.org/wiki/Box_corer
https://en.wikipedia.org/wiki/Box_corer
https://www.whoi.edu/what-we-do/explore/underwater-vehicles/towed-vehicles/towcam/
https://oceanexplorer.noaa.gov/technology/subs/subs.html
https://oceanexplorer.noaa.gov/okeanos/welcome.html
https://nautiluslive.org/cruise/na073
https://nautiluslive.org/cruise/na073
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Like HOVs and ROVs, these vehicles can visually survey the seafloor and carry a multitude of 

sensors. However, AUVs carry out their surveys without being piloted by a human, operating 

according to a pre-programmed mission. AUVs can generally carry out longer missions and 

cover much greater areas of the seafloor than ROVs and HOVs, but have reduced sampling 

abilities and cannot navigate highly complex environments.  

 

 
Marine Conservation Institute staff member Samuel Georgian pilots a remotely operated vehicle 

(ROV) during an expedition on the Exploration Vessel Nautilus, in collaboration with Ocean 

Exploration Trust.  

 

San Juan Marine Life 

 

The expeditions to San Juan Seamount have uncovered an incredible array of life, including 

benthic communities dominated by cold-water corals, sponges, xenophyophores, and 

echinoderms, and fish assemblages that include grenadiers, Pacific flatnose, and halosaurs. 

Xenophyophores are giant amoeba-like protists comprised of only a single cell – despite their 

surprisingly large size of up to eight inches across! They create ‘tests’, or skeletal structures, 

made of sediment and shell fragments that serve as important habitat structures for worms, 

copepods, crustaceans, brittle stars, and snails. The seamount is also home to rare species, 

including the deep-sea file clam (Acesta sphoni) that only lives on a few seamounts and canyons 

off the coast of California. The bamboo corals that grow on San Juan Seamount are long-living 

(150-300 years) species that are important archives for reconstructing past ocean conditions, with 

significant implications for better understanding how climate change will shape our future 

https://marine-conservation.org/
https://nautiluslive.org/ev-nautilus
https://www.oceanexplorationtrust.org/
https://www.oceanexplorationtrust.org/
https://en.wikipedia.org/wiki/Grenadiers_(fish)
https://interactiveoceans.washington.edu/file/Pacific_Flatnose
https://en.wikipedia.org/wiki/Halosaur
https://schaechter.asmblog.org/schaechter/2017/01/meet-the-xenophyophores.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0485.2011.00458.x
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2010GC003443
https://www.samuelgeorgian.com/uploads/5/7/2/8/5728755/argus-shop_orig.jpg
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oceans. In addition to its diverse benthic life, San Juan Seamount provides an excellent pelagic 

habitat for a number of species including large predatory fish, seabirds, and marine mammals.  

 

 
A xenophyophore, one of the unique deep-sea organisms found on San Juan Seamount. Photo 

courtesy of NOAA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.photolib.noaa.gov/htmls/expl6258.htm
https://www.photolib.noaa.gov/htmls/expl6258.htm
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Rodriguez Seamount – A Geologic Rarity 

 

Position of Rodriguez Seamount within California waters (left) and three-dimensional map of the 

Rodriguez Seamount (right).  

 

Rodriguez Seamount is a 10–12 million-year-old seamount located approximately 42 miles off 

the coast of southern California. It towers over a mile above the seafloor, with its tallest summit 

cone standing over a little over 2,000 feet below the surface. Once upon a time, Rodriguez was 

an island standing as tall as 230 feet above sea level, with an area of 2.6 square miles. Like the 

neighboring San Juan Seamount, it has since sunk back beneath the waves largely due to the 

subsidence of the ocean crust beneath it. Due to the erosional forces it was exposed to as an 

island, its modern summit largely consists of a large flat dome, qualifying Rodriguez as a guyot – 

a flat-topped seamount. Guyots, named after the Swiss geographer Arnold Guyot, are relatively 

rare in our oceans – scientists estimate that there are almost 10,000 seamounts, but only 283 

guyots.  

http://www.californiaseamounts.org/2019/05/01/rodriguez-seamount/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2010GC003064
https://www.sciencedirect.com/science/article/pii/S0025322709001789
http://www.californiaseamounts.org/2019/04/24/san-juan-seamount/
https://en.wikipedia.org/wiki/Guyot
https://en.wikipedia.org/wiki/Arnold_Henry_Guyot
https://www.sciencedirect.com/science/article/abs/pii/S0025322714000310
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Pillow lava, a unique type of basalt rock that forms during underwater volcanic eruptions. Photo 

courtesy NOAA. 

 

How do guyots – or any seamounts – form? The process generally takes millions of years and 

involves a complex series of geologic events. Seamounts typically follow a geologic pattern of 

initial growth, subsequent volcanic activity, subsidence (sinking), and eventually extinction 

(cessation of volcanic activity). The growth of a seamount can stem from a variety of types of 

volcanic activity. At oceanic spreading centers where tectonic plates are diverging apart from 

each other, magma escapes and cools in the cold seawater, creating submarine volcanic rock 

formations that grow larger with each subsequent eruption. Other seamounts commonly form 

near subduction zones, where tectonic plates are converging and one plate slides under the other. 

The subducted plate begins to melts as it moves towards Earth’s hot interior (our planet’s core 

clocks in at a whopping 10,800°F – as hot as the surface of the sun), creating hot magma that 

bubbles its way up to the seafloor, erupting and giving birth to a seamount.  

 

While seamounts are commonly found on the intersection of tectonic plates, some form within 

single plates. These intraplate seamounts typically form at hotspots, areas were super-hot magma 

plumes burst through the oceanic crust. The Hawaii Islands and accompanying seamounts 

formed this way, with new islands forming in a line as the Pacific plate slowly (only 3-4 inches 

per year) drifts over a hotspot. Rodriguez Seamount is another example of an intraplate volcano. 

However, it is a very rare type of intraplate seamount that did not form over a hotspot. Instead, it 

is believed to have formed when magma forced its way through ancient spreading centers in part 

due to decompression melting, a process in which the Earth’s mantle melts as it moves upwards 

through the crust due to rapid decreases in pressure. Rodriguez was volcanically active for 

https://en.m.wikipedia.org/wiki/Seamount#/media/File%3APillow_basalt_crop_l.jpg
https://www.nationalgeographic.org/encyclopedia/seafloor-spreading/
https://en.wikipedia.org/wiki/Subduction
https://www.livescience.com/29054-earth-core-hotter.html
http://volcano.oregonstate.edu/what-is-a-hot-spot
https://pnsn.org/outreach/about-earthquakes/plate-tectonics
https://pnsn.org/outreach/about-earthquakes/plate-tectonics
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/114/3/316/183844/seamounts-at-the-continental-margin-of-california?redirectedFrom=fulltext
https://www.e-education.psu.edu/rocco/node/1988
https://en.m.wikipedia.org/wiki/Seamount#/media/File%3APillow_basalt_crop_l.jpg
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around 2 million years as it formed, with evidence suggesting that its more recent eruptions 

occurred in shallow water. Like other guyots, the erosional forces of wind and waves scoured the 

summit into a flat top prior to its subsidence back beneath the waves, producing the flat, sandy 

dome observed today.  

 

 
New species alert! The deep-sea coral Isidella tentaculum, discovered on Rodriguez Seamount in 

2008. Photo courtesy of Ocean Exploration Trust.  

 

Like other seamounts, Rodriguez is home to an astonishing variety of marine life. Expeditions to 

the seamount have uncovered a plethora of organisms including sponges, crinoids, brittle stars, 

anemones, sea urchins, sea cucumbers, worms, crabs, 20 fish taxa, and 26 species of corals 

including massive bubblegum (Paragorgia) and bamboo (Isidella) colonies. However, the 

summit of Rodriguez is notably less diverse than neighboring seamounts. In part, this is likely 

due to the fact that the summit lies within the oxygen minimum zone, where extremely low 

oxygen concentrations may prevent many species from thriving. Its unique morphology as a 

guyot may also be to blame. The flat, sandy dome of Rodriguez Seamount lacks the rocky 

habitats that many corals, sponges, and other benthic species require. However, it is the perfect 

environment for sea cucumbers, the dominant animal group on the summit. Sea pens, one of the 

few deep-sea corals that are able to grow in sand and mud sediments, are also abundant on the 

summit.   

 

Despite the low diversity of the summit of Rodriguez, the seamount on the whole still houses an 

incredible array of organisms, with 133 taxa identified in one expedition alone. In 2004, a new 

octocoral species Gersemia juliepackardae was discovered on the seamount, and in 2008 the 

bamboo coral Isidella tentaculum was described based on observations from both Rodriguez and 

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2010GC003064
https://www.oceanexplorationtrust.org/
https://www.researchgate.net/publication/238771052_Ichthyofauna_on_three_seamounts_off_Southern_and_Central_California_USA
https://deepseacoraldata.noaa.gov/library/benthic-invertebrate-communities-on-three-seamounts-off-california
http://www3.mbari.org/expeditions/Seamounts03/October13.htm
https://en.wikipedia.org/wiki/Oxygen_minimum_zone
https://www.sciencedaily.com/releases/2009/02/090211161944.htm
https://deepseacoraldata.noaa.gov/library/benthic-invertebrate-communities-on-three-seamounts-off-california
https://deepseacoraldata.noaa.gov/library/benthic-invertebrate-communities-on-three-seamounts-off-california
https://www.mbari.org/marine-biologists-name-new-deep-water-coral-after-julie-packard/
https://bioone.org/journals/proceedings-of-the-biological-society-of-washington/volume-121/issue-4/08-16.1/A-new-species-of-span-classgenus-speciesIsidella-span-bamboo-coral/10.2988/08-16.1.short
https://twitter.com/DrStephSharuga/status/767408513417117696
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Pioneer Seamounts. These observations continued the long tradition of species being discovered 

on seamounts – in one study, 29–34% of identified seamount species were new to science! It is 

imperative that we enact protection for vulnerable seamount habitats now, or we run the risk of 

destroying species before they are even discovered.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://bioone.org/journals/proceedings-of-the-biological-society-of-washington/volume-121/issue-4/08-16.1/A-new-species-of-span-classgenus-speciesIsidella-span-bamboo-coral/10.2988/08-16.1.short
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Taney Seamounts: Collapsed Calderas and New Species 

 

 
 

The Taney Seamounts are a chain of five seamounts spanning a distance of 33 miles across the 

seafloor off the coast of California. The seamounts are an example of near-ridge seamounts, which 

generally form near fast-spreading ridges on diverging tectonic plates. Fast is a relative term – the 

ridge near the Taney Seamounts has a spreading rate of 4.9 cm per year! The Taney chain formed 

from a series of eruptions from shallow, large-volume magma chambers that eventually collapsed, 

forming the calderas seen today. Calderas are large sinkholes that form when volcanoes collapse 

in on themselves, generally because the now-empty magma chamber can no longer support the 

massive weight of the volcanic rock above. The oldest and largest volcano (nine miles across and 

6,500 feet tall) in the Taney chain has undergone three large caldera collapses in its history, leaving 

the seamount with a unique half-moon shaped summit. The other seamounts have smaller calderas, 

some of which were partially filled in with subsequent lava flows. One of the summits has evidence 

of a somma, a unique summit formation that is created when an old caldera is filled in with a shield 

created by younger lava flows. Due to their morphology, scientists initially believed that the 

seamounts were relatively young. However, subsequent argon dating revealed that they are 

approximately 26 million years old.   

http://www.californiaseamounts.org/2019/05/07/taney-seamounts/
https://www.mbari.org/near-ridge-seamounts/
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2000JB900082
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2000JB900082
https://www3.mbari.org/data/mapping/west_coast_seamounts/taney.htm
https://en.wikipedia.org/wiki/Shield_volcano
https://en.wikipedia.org/wiki/Argon%E2%80%93argon_dating
http://adsabs.harvard.edu/abs/2011AGUFM.V51E2554C
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Chaunacops coloratus, a rare species of anglerfish discovered in 1891and filmed in the wild for 

the first time at the Taney Seamounts. Photo courtesy of NOAA.  

 

Like other seamounts off the coast of California, the Taney Seamounts are highly productive 

‘oases’ in the deep sea, providing ecologically crucial habitats that support a large diversity of 

organisms. In part, this stems from the large effects that the seamounts exert on local currents, 

providing critical resources for benthic organisms including sediment and waste removal, nutrient 

and food influx, and larval dispersal. A 2010 expedition to the Taney Seamounts documented a 

large diversity and density of seafloor life including cold-water corals, sponges, brittle stars, sea 

stars, mollusks, sea cucumbers, anemones, sea urchins, and worms. The ecological patterns 

uncovered in the expedition may also help shed light on why seamounts are such havens for benthic 

diversity. In many deep-sea habitats, the abundance of organisms decreases with depth – often 

believed to relate to the reduced rain of food and nutrients from more productive surface waters. 

However, the Taney Seamounts survey discovered that abundance did not change with depth. 

Instead, different depth zones on the seamounts were characterized by different, but equally dense, 

assemblages of seafloor animals. For example, sponges began to replace corals at deeper depths, 

being theoretically better equipped to handle the harsher physical conditions, but still filling a 

similar ecological niche.  

 

 

https://i.pinimg.com/originals/91/99/88/9199885bcd25443c3b7a4f7bbc4d2400.jpg
https://www3.mbari.org/expeditions/Taney10/index.htm
https://www.int-res.com/abstracts/meps/v317/p1-8/
https://onlinelibrary.wiley.com/doi/10.1111/maec.12136
https://en.wikipedia.org/wiki/Ecological_niche
https://i.pinimg.com/originals/91/99/88/9199885bcd25443c3b7a4f7bbc4d2400.jpg
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A deep-sea acorn worm. A new species of acorn worm (Saxipendium implicatum) was described 

in 2012, and is believed to only live on the Taney Seamounts, Davidson Seamount, and Guide 

Seamount. Photo courtesy of NOAA.  

 

The Taney Seamounts are also home to a number of newly discovered and rare species. The chain 

is home to a rare species of anglerfish (Chaunacops coloratus), which was described in 1891 and 

filmed in the wild for the first time at Taney Seamounts. Observations from an expedition to Taney 

Seamount also contributed to the discovery of a new and rare species of sea jelly (Tiburonia 

granrojo), which can grow to be 30 inches across! In 2012, a new species of acorn worm 

(Saxipendium implicatum) was described, with evidence suggesting that it is endemic to Guide, 

Davidson, and Taney Seamounts. If human activity had decimated life on just these three 

seamounts prior to 2012, this species could have become extinct before we even knew it existed! 

 

 

https://twitter.com/oceanexplorer/status/724980425320452098
https://link.springer.com/article/10.1007/s00227-003-1047-2
https://bioone.org/journals/Proceedings-of-the-Biological-Society-of-Washington/volume-125/issue-3/12-11.1/A-new-deep-sea-species-of-harrimaniid-enteropneust-Hemichordata/10.2988/12-11.1.short
https://twitter.com/oceanexplorer/status/724980425320452098
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