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INTRODUCTION

Seamounts are biologically productive habitats,
often with biological assemblages dominated by long-
lived corals and dense aggregations of fishes, where
species-rich benthic communities thrive (Rogers 1994,
Koslow 1997, Richer de Forges et al. 2000, Koslow et al.
2001, Andrews et al. 2002, Grigg 2002, Risk et al. 2002,
Rowden et al. 2002, Stocks 2004, Mortensen & Buhl-
Mortensen 2005). The distribution, diversity, and
abundance of benthic organisms on seamounts has
been attributed to various factors, including substrate
type, local hydrographic conditions, reproductive
modes, proximity to sources of larvae, geographic loca-
tion, seamount topography, entrapment of migrating
zooplankton, and elevated current velocities (Genin et
al. 1988, Boehlert & Genin 1987, Grigg et al. 1987,
Wilson & Kaufmann 1987, Parker & Tunnicliffe 1994,
Rogers 1994, Mullineau & Mills 1996, Richer de Forges

et al. 2000, White & Mohn 2004). Seamounts have been
the focus of commercial fisheries, including many that
have collapsed due to over-harvesting of slowly repro-
ducing stocks (Koslow 1997, Koslow et al. 2001,
McClatchie & Coombs 2005). Incidental effects of com-
mercial trawling have decimated benthic invertebrate
communities on many seamounts (Koslow et al. 2001,
Fosså et al. 2002, Fry et al. 2006).

Despite the potential for anthropogenic disturbance
and our lack of understanding of processes that regu-
late the structure and population dynamics of sea-
mount communities, few studies have addressed fau-
nal turnover between these communities or the abiotic
factors affecting their composition. Kaufmann et al.
(1989) attributed differences in community structure to
hydrodynamic conditions as well as substrate and
nutrient availability when describing megafaunal com-
munities from 2 North Pacific seamounts. Probert et al.
(1997) detected differences in the faunal composition
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of bycatch collected on the pinnacles and flats on the
Chatham Rise. At least 2 studies have attributed higher
densities of organisms, particularly corals, to areas
identified as localized ‘peaks’ or areas of elevated
topography (Genin et al. 1986, DeVogelaere et al.
2005). However, none of these studies provides a com-
prehensive view of factors influencing the function of
seamount benthic communities in general.

We examined 3 seamounts along the California con-
tinental margin. Davidson, Pioneer, and Rodriguez
Seamounts (Fig. 1) are each 9 to 16 million yr (myr) old,
have similar volcanic origins, and are located atop
older oceanic crust that formed 19 to 20 myr ago (Davis
et al. 2002). Though formed under similar conditions,
the topography, size, and summit depth of these
seamounts vary (Table 1). Davidson and Pioneer Sea-
mounts, located at the base of the continental slope 80

to 90 km from shore, have peaked summits with cones
arranged along parallel ridges separated by sediment-
filled troughs. Rodriguez Seamount, 250 km south of
Davidson Seamount, is only ~60 km from shore with its
base midway up the continental slope. Approximately
10 myr old, Rodriguez Seamount was exposed subaeri-
ally and is now a flat-topped seamount or guyot. Like
Davidson and Pioneer, Rodriguez has rugged flanks,
but its summit consists of lithified sandy beach deposits
with a thin sediment veneer.

In the present study, we describe the benthic inver-
tebrate communities observed on the 3 California sea-
mounts described above. In addition, we compare the
major invertebrate taxa among these seamounts in
relation to abiotic properties, to infer the potential role
of abiotic factors in regulating the structure of the
seamount communities.

MATERIALS AND METHODS

Seamount communities were sam-
pled using Monterey Bay Aquarium
Research Institute’s (MBARI) remotely
operated vehicle (ROV) ‘Tiburon’.
Sampling included video observations
recorded using high-resolution video
equipment and collections of speci-
mens for taxonomic determinations.
Seamount community composition was
determined from the analysis of 191 h
of video taken during 27 dives on the 3
seamounts. The video was annotated in
detail using MBARI’s video annotation
and reference system (VARS) (Schlin-
ing & Jacobsen Stout 2006).

Video data were collected from vari-
ous depths at each seamount. Davidson
Seamount was sampled from its sum-
mit at 1246 m to a depth of 3289 m
(90% of seamount depth range sam-
pled) (Table 1). Pioneer Seamount was
sampled from its summit at 811 m to a
depth of 1815 m (66% of seamount
depth range sampled). Rodriguez Sea-
mount was sampled from its summit at
619 m to a depth of 2120 m (91% of sea-
mount depth range sampled).

All benthic invertebrates were identi-
fied to the lowest possible taxon using
in situ video frame grabs and digital still
images of voucher specimens that were
identified by taxonomists. When pos-
sible, voucher specimens were collec-
ted using the ROV manipulator, the
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Fig. 1. Davidson, Pioneer, and Rodriguez Seamounts off central California
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ROV suction sampler or, in some cases, they were re-
moved from rock samples collected for other research
objectives. Voucher specimens were not collected for
organisms that could be identified easily from video
and which were known to occur on the California shelf
and in Monterey Canyon. When voucher specimens
were not collected and the animal was not known by
the video analyst, video frame grabs, digital still im-
ages, and/or video segments were reviewed by taxono-
mists with expertise in the taxonomic group of the or-
ganism in question, and the resulting identification was
then used as a reference during detailed video analysis.
Although every effort was made to identify organisms
to the lowest possible taxon, assignment to species was
not always possible. For organisms that were morpho-
logically distinct, but not sampled, and therefore not
identified to species level, a ‘tag’ name was applied
within the VARS database (e.g. Echinoidea sp. 1).

Plots of cumulative species richness versus total dis-
tance traversed with the ROV were used to evaluate
adequacy of sampling for the 3 dominant invertebrate
groups (corals, echinoderms, and sponges). Curves
were calculated using EstimateS version 8.0 (Colwell
2005) and were plotted for each seamount using 1 km
bins of the total distance traversed and species pres-
ence/absence data within those bins.

Quantitative video transects were collected at
Davidson Seamount in 2006 and Pioneer Seamount in
2007 and were used to estimate the density of inverte-
brate megafauna. A total of 40 transects was analyzed
(Davidson, n = 33; Pioneer, n = 7). Two parallel red
laser beams (640 nm), positioned 29 cm apart, were
used to estimate transect width. Transect length was
calculated in ArcView® 3.2 using the Animal Move-
ment Analysis Extension version 2 to calculate succes-
sive distance between the start and end points of each
transect (Hooge & Eichenlaub 1997). A 2-tailed t-test
was used to compare differences between the mean
density found at Davidson and Pioneer Seamounts.

Categories of motility and feeding mode were as-
signed to all observed taxa and analyzed to determine
the functional roles of dominant members of the
seamount communities. Because the feeding modes of
many organisms identified in the present study are un-
certain, we assigned modes for these taxa based on
information for morphologically similar organisms

from shallow waters. The functional groups assigned
included passive suspension-feeding (corals, crinoids,
brisingids), filter-feeding (sponges and tunicates),
deposit-feeding (echinoids and holothurians), and car-
nivory (primarily asteroids) (Brusca & Brusca 1990,
Gage & Tyler 1992). Organism motility was classified as
sessile (e.g. corals, sponges, stalked crinoids, tunicates),
functionally sessile (e.g. brisingids and crinoids), and
mobile (e.g. asteroids, echinoids, and holothurians).

To evaluate faunal similarity among seamount com-
munities, Bray-Curtis coefficients were calculated
based on standardized and 4th-root transformed abun-
dance data from each seamount using Primer v6
(Clarke & Gorley 2001).

RESULTS

In total, 134 477 observations of 202 invertebrate
taxa were derived from video observations of the 3
seamounts examined. At Davidson, Pioneer, and
Rodriguez Seamounts, we identified 59 933, 36 430,
and 38 087 individuals belonging to 148, 110, and 133
taxa, respectively. In all, 225 specimens were collected
and sent to taxonomists for identification; 13 of these
are new to science and have recently been or are cur-
rently being described (e.g. Cairns 2007, Reiswig &
Lee 2007, G. C. Williams & L. Lundsten unpubl.).

Smoothed cumulative taxa curves begin to approach
an asymptote after an ROV transit length of ~10 km
(Fig. 2). Based on this, we assumed that corals, sponges,
and echinoderms were characterized adequately by
video analysis.

Quantitative video transects at Davidson and Pioneer
Seamounts differed in mean organism density. Thirty-
three transects were collected between 1298 and 3276 m
depth at Davidson Seamount. These transects varied in
length (45 to 445 m) and width (0.97 to 8.17 m). Organ-
ism density averaged 0.87 ± 0.10 ind. m–2 (range = 0.1 to
2.2 ind. m–2). Seven transects were collected between
844 and 1240 m at Pioneer Seamount. These transects
varied in length (66.8 to 261.6 m) and width (1.57 to
2.62 m). Organism density averaged 2.19 ± 0.27 ind. m–2

(range = 1.1 to 3.2 ind. m–2). Mean organism density was
significantly different between Davidson and Pioneer
Seamounts, t (38) = –5.13, p < 0.001.
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Seamount Length Width Base depth Summit depth Depths sampled Proportion of total Distance from
(km) (km) (m) (m) (m) depth sampled (%) shore (km)

Davidson ~42 ~13.5 3656 1246 1256–3289 90 ~90
Pioneer ~12.8 ~12.8 2750 811 811–1815 66 ~80
Rodriguez ~12.8 ~12.8 2325 619 619–2120 91 ~60

Table 1. Seamount dimensions, distance from shore, and depths sampled
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Qualitative video observations revealed that
Cnidaria, Porifera, and Echinodermata were the domi-
nant phyla at all 3 seamounts, although their relative
dominance varied among locations. Cnidarians were
the most frequently observed phylum at Davidson
(34.2%) and Pioneer Seamounts (39.8%). At Rodriguez
Seamount, despite making up 35.6% of the observed
population, cnidarians were observed less frequently
than echinoderms (Fig. 3). Echinoderms were common
on all 3 seamounts and accounted for 32.4, 34.4, and
45.5% of the observations at Davidson, Pioneer, and

Rodriguez Seamounts, respectively. Sponges were
observed more frequently at Davidson Seamount
(29.5%) than at Pioneer (20.2%) or Rodriguez (14.7%)
Seamounts.

Sessile and functionally sessile animals accounted
for most of the observations. When combined, func-
tionally sessile and sessile organisms represented 88.8,
87.4, and 75.2% of the observations, respectively, at
Davidson, Pioneer, and Rodriguez Seamounts (Fig. 4).

Analysis of categorized feeding modes indicated that
suspension-feeding was most common for invertebrate
assemblages at all 3 seamounts. At Davidson Seamount
58.5% of the organisms were suspension-feeders,
29.9% were filter-feeders, 8.5% were detritivores, and
3.1% were carnivores (Fig. 5). At Pioneer Seamount,
most of the observed taxa were categorized as suspen-
sion- (67.8%) and filter- (19.6%) feeders. Detritivores
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(8.6%) and carnivores (4.0%) were observed less fre-
quently. At Rodriguez Seamount, most organisms were
suspension-feeders (60.3%), followed by detritivores
(19.4%), filter-feeders (14.8%), and carnivores (5.5%).

The group of cnidarians referred to herein as ‘corals’
(as defined in Deep-Sea Coral Collection Protocols,
Etnoyer et al. 2006) dominated the cnidarian observa-
tions, and we focused our cnidarian analysis on this
taxonomically mixed group, which includes alcyona-

ceans, antipatharians, gorgonians, pennatulaceans,
scleractinians, and zoanthid anemones. Alcyonaceans
were abundant at Pioneer (38.6%) and Rodriguez
(19.6%) Seamounts and had a mean depth of observa-
tion between 800 and 950 m at both locations (Fig. 6).
Alcyonaceans were less frequently observed at David-
son Seamount (4.7%), where the mean depth of obser-
vation was ~2000 m. Antipatharians were observed
frequently at Davidson Seamount (21.8%) and had a
mean depth of observation of ~2125 m; however, they
were infrequently observed at Pioneer (0.2%) and
Rodriguez (0.07%) Seamounts. The Gorgonacea were
the most frequently observed coral group (Davidson =
73%; Pioneer = 61%; Rodriguez = 74.6%) and encom-
passed the widest depth range at all 3 seamounts,
although the mean depth of observation varied. Pen-
natulaceans were rare at Davidson and Pioneer Sea-
mounts, but accounted for 5.5% of coral observations
at Rodriguez Seamount, where the mean depth of
observation was ~750 m. Scleractinian corals (David-
son = 0.4%; Pioneer = 0.15%; Rodriguez = 0.12%) and
zoanthid anemones (Davidson = 0.09%; Pioneer = 0.0%;
Rodriguez = 0.07%) were rare at all 3 seamounts. At
Davidson Seamount, 25 coral species were identified;
abundant species there include Trissopathes pseudo-
tristicha, Corralium sp., Keratoisis sp., Paragorgia
arborea, Parastenella sp., Anthomastus ritteri, and
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Acanthogorgia sp. Several species of the Primnoidae,
which were also abundant at Davidson, were counted
as one taxon since they were indistinguishable in the
video footage. At Pioneer Seamount, 23 species of
coral were identified. The alcyonacean Anthomastus
ritteri was the most abundant coral and the second-
most abundant organism observed there. The gorgon-
ian corals Lepidisis sp., Isidella sp., Keratoisis sp.,
Acanthogorgia sp., Swiftia kofoidi, Paragorgia sp.,
Swiftia simplex, and Paragorgia arborea were also
observed frequently at Pioneer Seamount. At Rodri-
guez Seamount, 26 species of coral were identified,
and abundant species include Anthomastus ritteri, Isi-
della sp., Narella sp., Parastenella sp., Acanthogorgia
sp., Paragorgia sp., Keratoisis sp., Anthoptilum grandi-
florum, and Swiftia simplex.

Crinoid echinoderms dominated the megafaunal
observations at Davidson and Pioneer Seamounts, in
contrast with Rodriguez Seamount, where holothuri-
ans played the largest role (Fig. 7). The Asteroidea
were observed at a relatively similar frequency at
Davidson (10.3%), Pioneer (9%), and Rodriguez
(13.7%) Seamounts, but had a mean depth of observa-
tion far deeper at Davidson (2200 m) than at Pioneer
(1200 m) or Rodriguez (1050 m). Crinoids were the
most frequently observed echinoderm class at David-
son (44.6%) and Pioneer (61.7%) Seamounts, but they
were observed less frequently than holothurians at
Rodriguez Seamount (22.2%). Crinoids had a mean

depth of observation of 2600 m at Davidson Seamount
and were observed at shallower depths at Pioneer
(~1150 m) and Rodriguez (1600 m) Seamounts. Echi-
noidea were rare at both Davidson (0.4%) and Pioneer
(0.02%) Seamounts, but were frequently observed at
Rodriguez Seamount (14.2%), where the mean depth
of observation was ~1150 m. The Holothuroidea were
the most frequently observed class of echinoderm
encountered at Rodriguez Seamount (37.9%, 1000 m
mean depth), but they were also observed frequently
at both Davidson (16.1%, 2500 m mean depth) and Pio-
neer (23.4%, ~1200 m mean depth) Seamounts. Ophi-
uroidea were observed frequently at Davison Seamount
(28.7%, 1650 m mean depth), where dense aggrega-
tions of the suspension-feeding Gorgonocephalus sp.
were most common and were often seen clinging to the
branches of the gorgonian coral Paragorgia arborea.
At Pioneer (5.9%) and Rodriguez (12%) Seamounts,
ophiuroids had a similar mean depth of observation at
1200 m. Florometra serratissimia and Gorgonocepha-
lus sp. were the most commonly observed echinoderm
taxa at Davidson Seamount, followed by the holo-
thurian Laetmogone sp. and a stalked crinoid Hyocri-
nus sp. At Pioneer Seamount, the most frequently ob-
served species was F. serratisima, followed by Psolus
squamatus. Unidentified ophiuroids and asteroids
were also observed frequently. Species frequently
observed at Rodriguez Seamount include P. squama-
tus, F. serratissima, Araeosoma leptaleum, Pannychia
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moseleyi, and 2 species of brisingids that were identi-
fied from collected specimens but were indistinguish-
able in video.

Observations of poriferans at each seamount were
often composed of different percentages of the same
taxa, such as Chonelasma sp., Farrea sp., Heterochone
sp., and Staurocalyptus sp. (Fig. 8). At all 3 seamounts,
a large proportion of sponges (31.9, 25.4, and 34.6% of
observations at Davidson, Pioneer, and Rodriguez,
respectively) could not be identified to a lower taxo-
nomic level. At Davidson Seamount, Chonelasma sp.
(6.4%, 1600 m mean depth) was observed at greater
depths than at Pioneer (9.7%, 900 m mean depth) and
Rodriguez (6.5%, ~900 m mean depth) Seamounts.
Farrea sp. was abundant just below the summits of
Davidson (22.5%, 1400 m mean depth) and Pioneer
(11.4%, 950 m mean depth) Seamounts, but was
observed far below the summit at Rodriguez Seamount
(47.1%, ~1125 m mean depth). Heterochone sp. had a
mean depth of observation of 1400 m at Davidson
Seamount (5.9%) and a shallower mean depth of
occurrence of ~900 to 950 m at both Pioneer (17.7%)
and Rodriguez (3.2%) Seamounts. Sclerothamnopsis
sp. was abundant at Davidson Seamount (14.8%,
1650 m mean depth), but was nearly absent from Pio-
neer (1.7%, 1025 m mean depth) and Rodriguez (0.6%,
1150 m mean depth) Seamounts. Staurocalyptus sp.
was abundant near the summits of both Davidson
(13.2%, 1300 m mean depth) and Pioneer (13.1%,

1150 m mean depth) Seamounts and, though less
abundant, it was found at comparable depths at
Rodriguez Seamount (4.1%, 1200 m mean depth). The-
nea muricata was absent from Davidson Seamount,
uncommon at Rodriguez Seamount (3.2%, 900 m mean
depth), and abundant at Pioneer Seamount (16.1%,
1200 m mean depth).

Bray-Curtis similarity indices (B-C) indicated that
assemblages of megafaunal invertebrates on Pioneer
and Rodriguez Seamounts were more similar to each
other (B-C Pioneer-Rodriguez = 63.27%) than either of
the 2 was to Davidson Seamount (B-C Davidson-Pio-
neer = 55.85%, B-C Davidson-Rodriguez = 55.04%).
Of 202 taxa identified in the present study, 117 (57.9%)
were seen at 2 or more of the seamounts described. Of
these, 35.6% were observed at all 3 seamounts.
Finally, 22.3% were seen at Davidson Seamount only,
15.4% were seen at Rodriguez Seamount only, and
4.5% were seen at Pioneer Seamount only.

DISCUSSION

The higher mean density of organisms found on Pio-
neer Seamount, which has a shallower summit than
Davidson Seamount, is likely due to nutrient availabil-
ity, which decreases with depth globally in concert
with an exponential decline in organism abundance
and biomass (Rex et al. 2006). However, the shallower
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depths of transects run on Pioneer versus those on
Davidson Seamount limits our ability to infer potential
causes of the observed differences in organism density,
including depth, habitat differences, reproductive
strategies, and rates of larval recruitment or survival
(e.g. Gage & Tyler 1992, Parker & Tunnicliffe 1994,
Mullineau & Mills 1996).

The dominant feeding mode and range of motility of
the observed megafauna appears to be coupled tightly
to habitat differences. Megafauna feeding and motility
were quite similar on the rugged slopes and peaks of
Davidson and Pioneer Seamounts, where sessile sus-
pension-feeders dominated. In contrast, the sediment-
laden top of Rodriguez Seamount, a true guyot, was
inhabited principally by mobile, deposit-feeding holo-
thurians and echinoids.

The high abundance of octocorals at these eastern
Pacific seamounts contrasts sharply with the scleractin-
ian dominance of seamounts in other regions (Wilson &
Kaufmann 1987, Clark et al. 2006) and may be related
to several factors. One primary factor could be the
shallow (50 to 600 m) aragonite saturation depth in the
northeast Pacific, which limits the ability of scleractini-
ans to build their hard skeletons (Clark et al. 2006,
Guinotte et al. 2006). This is further illustrated by the
low percentage of scleractinian observations in the
present study, which accounted for only 0.25% of the
total coral observations when data from all 3 sea-
mounts were combined. Gorgonian corals were the
most frequently observed coral group at all 3 sea-
mounts; however, frequent observations of antipathar-
ians occurred on deeper slopes at Davidson Seamount.
A similar trend of increased observations of antipathri-
ans in deeper water has been noted by Clark et al.
(2006). Additionally, the high abundance of pennatu-
laceans on the sedimented summit of Rodriguez
Seamount also indicates a link between faunal pat-
terns and habitat features.

While rare invertebrate species were observed and
new species (Cairns 2007, Reiswig & Lee 2007, G.
C. Williams & L. Lundsten unpubl., C. Mah pers.
comm.) discovered in the present study, none appear
to be endemic to individual seamounts. For example,
while 2 new corals in the genus Chrysogorgia (C.
monitcola and C. pinnata) had distinct patterns of dis-
tribution (Cairns 2007), they were seen at multiple
seamount locations, including the seamounts exam-
ined here and several that were visited on other
MBARI seamount expeditions, such as the Vance
Seamounts to the north and San Juan Seamount to the
south, a distance of over 1600 km. Nor are these organ-
isms restricted to seamounts in many cases. For exam-
ple, a new species of the Nephtheidae (G. C. Williams
& L. Lundsten unpubl.) was initially discovered at
Rodriguez Seamount in 2004, but it has since been

observed and collected from San Juan Seamount
(southern California), Monterey Canyon, Pioneer
Seamount, and the continental shelf off northern Cali-
fornia and central Oregon. The range of this new spe-
cies likely exceeds the 1200 km our data currently
shows. Another example is Araeosoma leptaleum, an
urchin in the family Echinothuriidae, which was origi-
nally described from a specimen collected off Panama
(Mortensen 1935). We observed A. leptaleum in high
abundance at the Rodriguez Seamount ‘kelp falls’, but
it was absent from Davidson Seamount and only rarely
seen at Pioneer Seamount (n = 2). A new, branched
form of the predatory sponge Asbestopluma was dis-
covered at Davidson Seamount in February 2006.
While not observed at Pioneer or Rodriguez Sea-
mounts, this sponge was later observed during video
analysis of other ROV ‘Ventana’ and ‘Tiburon’ dives
within Monterey Bay and the Eel River Basin (L. Lund-
sten unpubl. data). Cladorhiza pteron (Reiswig & Lee
2007), a new species of predatory sponge, was de-
scribed from a specimen collected at Rodriguez Sea-
mount in 2004, but this species was also seen at San
Juan Seamount on that same expedition, although the
data from San Juan Seamount are not presented here.

Many studies have concluded that rates of endemism
at seamounts can be very high (Richer de Forges et al.
2000, Koslow et al. 2001); however, we found a consid-
erable degree of overlap between the seamounts
examined in the present study, the continental shelf,
and other seamounts that have been surveyed by
MBARI. This conclusion is in agreement with recent
reports describing low rates of endemism at seamounts
(Wilson & Kaufmann 1987, Hall-Spencer et al. 2007,
McClain 2007, O’Hara 2007, McClain et al. in press).
Increased isolation due to distance from similar habi-
tats or the continental margin would elevate the likeli-
hood of endemism for seamount species. The low rates
of endemism reported for the 3 seamounts studied here
may very well be related to their near proximity to
each other and to the continental margin.

Seamounts in general appear to provide habitat
favorable to sessile suspension- and filter-feeding
invertebrates because of the hard rock substrate and
elevated current velocities often found there. Elevated
current velocities tend to increase animal density
due to ‘feeding-pathways’ and ‘settlement-pathways’,
whereby more food and more larvae flow past a given
area with increased current speed (Genin et al. 1986).
Differences in community structure appear to be
related to seamount shape, depth, nutrient availability,
distance from shore or between seamounts, and ocean
chemistry, and these factors must work in tandem,
altering community composition to varying degrees by
creating unique conditions at each seamount. Obser-
vations of the composition and distribution of sea-
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mount megafauna and their association with habitat
characteristics provide some evidence for factors con-
trolling seamount community structure, but lack the
inferential power of manipulative field experiments
and detailed documentation of important processes
(e.g. recruitment, growth, and survival) in relation to
variation in habitat qualities. Our understanding of
ecological and evolutionary processes shaping sea-
mount communities will undoubtedly benefit from
such studies in the future.
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