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When hydrothermal activity ceases at black-smoker chimneys on mid-ocean ridges,
populations of associated invertebrates hosting chemoautotrophic endosymbionts
decline and then disappear, but the chimneys can persist on the seabed as relicts.
Suspension-feeding brisingid seastars colonize hydrothermally inactive (relict) chimneys
on the East Pacific Rise (EPR), though their distribution relative to available hard
substrata and proximity to hydrothermal activity is poorly documented. In this study,
brisingid abundance on sulfide and basalt substrata was assessed along an ∼3,700
m ROV Jason II transect at the summit of Pito Seamount (SE Pacific; ∼2,275
m). Brisingids were non-randomly distributed, with highest densities (up to ∼300
m−2) on relict sulfides chimneys near active black smokers. Brisingids were relatively
uncommon on basalt substrata, and absent on black smokers. We infer that both relict
sulfide structures and proximity to black smokers play key roles in the maintenance
of dense brisingid populations on Pito Seamount and in similar environments on
the EPR. Our observations suggest that experimental introduction of “artificial” relict
chimneys providing microtopographic relief could test whether such an approach
might mitigate potential impacts of mineral extraction on populations of suspension-
feeding invertebrates.

Keywords: brisingid seastar, East Pacific Rise (EPR), hydrothermal vent, Pito Seamount, Nautile Hydrothermal
Field, deep-sea mining (DSM), black smoker, hydrothermally inactive sulfide

INTRODUCTION

High-temperature hydrothermal activity (black smokers) in the deep sea typically forms meters-
to 10 s-of-meters-high, 3-dimensional structures (chimneys) composed of precipitated sulfide
minerals rich in copper, iron, zinc, and other metals (Petersen et al., 2016). Chemosynthetic primary
productivity is intense at black smokers (Van Dover, 2000) and is exported beyond the immediate
community of endemic invertebrate and fish taxa associated with venting fluids (Levin et al., 2016).
Indeed, 10–33% of the particulate organic carbon reaching the entire deep ocean floor worldwide
may be stimulated by activity at hydrothermal vents (German et al., 2015).
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Black smokers ultimately wane and expire as conduits are
clogged through mineralization, as flow is redirected due to
tectonic activity, and as volcanic eruptions repave the ocean floor
(Fustec et al., 2013; Van Dover, 2019; Jamieson and Gartman,
2020). Relict, hydrothermally inactive sulfide structures may
remain as chimneys and mounds, or collapse into blocks and
rubble. Where high-temperature hydrothermal activity persists
for long periods (thousands of years or more; Lalou et al.,
1985, 1995), polymetallic sulfides may accumulate as deposits of
sufficient size and mineral quality to be of interest to an emergent
deep-sea mining industry (Hoagland et al., 2010; Hannington
et al., 2011; Cherkashov, 2017). Long-duration hydrothermal
activity and large accumulations of mineral precipitates at
relatively low spatial frequencies are known from intermediate-,
slow-, and ultraslow- spreading mid-ocean ridges (Rona et al.,
1993; Halbach et al., 1998; Karson et al., 2015), as well as off-
axis sites on the fast-spreading East Pacific Rise (EPR) (Hekinian
and Fouquet, 1985; Fouquet et al., 1996). On the EPR itself, the
spatial frequency of vent fields with high-temperature (∼350◦C)
black smokers is relatively high, on the order of ∼4 fields
per 100 km (Chen et al., 2021), and the duration of venting
activity is short (decadal scale or less; Lalou and Brichet, 1982;
Karson et al., 2015).

Because of the relatively short life cycle for black smokers on
the EPR, sulfide accumulations are small (<3,000 tons for a given
vent field; Hannington et al., 2011). Further, accumulations of
mineral precipitates along the EPR are composed primarily of
iron sulfides with little to no economic value at present (Petersen
et al., 2016). To date, no contracts for polymetallic sulfide
mineral exploration along fast-spreading mid-ocean ridges of the
seabed beyond national jurisdictions in the eastern Pacific (i.e.,
along the EPR, Galapagos Spreading Center, Pacific-Antarctic
Ridge) have been awarded by the International Seabed Authority.
Nevertheless, study of the biology of hydrothermally inactive
sulfide accumulations in this region adds to our understanding of
the role of seabed sulfide occurrences as habitat and may inform
environmental management of future seabed mining in this area.

The fauna associated with relict sulfide accumulations is in
general poorly known (reviewed in Van Dover, 2019; Van Dover
et al., 2020). Small macrofaunal and meiofaunal organisms such
as nematodes, gastropods, copepods, and amphipods occur in
association with inactive sulfides on the EPR (Gollner et al.,
2020). Suspension-feeding brisingid seastars have also been
reported on relict sulfide structures on the EPR (Desbruyeres
et al., 2006) and elsewhere from peripheral zones of active
vent fields (Kim and Hammerstrom, 2012). Deep-sea seastars
in the family Brisingidae are common benthic organisms found
worldwide (Emson and Young, 1994), often associated with
hard substrata such as drop stones (Lacharité and Metaxas,
2017), corals (Mah, 2016), or manmade objects (Mordecai et al.,
2011; Edwards et al., 2016). Brisingids rely on deep-ocean
currents for delivery of prey (e.g., copepods and other small
planktonic organisms) that is captured by raptorial pedicellariae
and transferred to the mouth (Emson and Young, 1994; Howell
et al., 2003; Gale et al., 2013). Brisingid seastars on relict
sulfide structures are not endemic to active hydrothermal
vents or other deep-sea chemosynthetic ecosystems (Mah

et al., 2015), but likely benefit from primary productivity
associated with chemosynthetic production (Carney, 2010;
Levin et al., 2016).

To increase our understanding of the distribution of brisingid
seastars in the vicinity of deep-sea hydrothermal vents and the
potential importance of relict sulfides as habitat, we undertook
a census of brisingid distributions relative to substratum type
along a geological transect at Pito Seamount (2,240–2,325 m;
Naar et al., 2004; Cheadle et al., 2017), which lies at the northern
tip of the propagating EPR axis on the eastern side of the Easter
Microplate (Figure 1). Hydrothermal activity was first discovered
on Pito Seamount in 1993 by scientists in the submersible Nautile
(Naar et al., 2004). In 2017, more than 50 black smokers and
relict sulfide chimneys comprising the Nautile Hydrothermal
Field were detected using high-resolution mapping with the
Autonomous Underwater Vehicle (AUV) Sentry. Black smoker
and relict sulfide chimney targets were further explored using
the Remotely Operated Vehicle (ROV) Jason II during the 2017
geological expedition.

Here we provide a descriptive account of brisingid
distributions, using tests of a posteriori hypotheses to assess
whether brisingid seastars (i) aggregate on relict sulfides,
especially sulfide chimneys with microscale relief (∼0.5–15 m),
(ii) are relatively uncommon on basalt substrata, (iii) are absent
on black smokers, and (iv) are scarce in the nearby Pito Deep,
where hydrothermal activity is absent (51 km northwest of Pito
Seamount, Figure 1).

MATERIALS AND METHODS

Mapping
R/V Atlantis Cruise AT37-08 was devoted to mapping and
understanding volcanic processes in Pito Deep and rifting of
Pito Seamount [PaleoMagnetism and Gabbro Cruise (PMaG);
M Cheadle, Chief Scientist]. The cruise included a 1-dive
subcomponent to assess the extent of the hydrothermal field
reported by Naar et al. (2004) on Pito Seamount. AUV
Sentry Dive 427 (6 February 2017) mapped the summit of
Pito Seamount (0.5–1 m resolution) using a Reson 7125
multibeam sonar system at a nominal altitude of 80 m above
the seafloor, with 85 m line spacing to ensure > 100%
overlapping multibeam coverage between adjacent survey lines.
The multibeam coverage angle was reduced to 70◦ from the
standard 120◦ to accommodate the increased altitude and
reduced track-line spacing. Fledermaus 7.7.4 was used to render
3-D perspectives of the terrain. Multibeam data was used to
identify sulfide targets on the seafloor.

Image Collection, Archive, and Analysis
Time-stamped and georeferenced (latitude, longitude, depth)
images were captured during ROV Jason II Dive 961 at
the Nautile Hydrothermal Field on Pito Seamount (23.3275◦S,
111.635◦W; 10 February 2017) during the PMaG Cruise to
document the terrain and geological sampling efforts. During this
dive transect, most of the sulfide features identified during the
multibeam mapping effort were visited. SciCam images (frame
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FIGURE 1 | Study locations: Pito Seamount, Pito Deep. GeoMapApp (www.geomapapp.org).

grabs) were automatically collected every 30 s, augmented by
manual image captures at the discretion of scientists on watch
at the time. Due to the nature of the geological exploration,
vehicle speed, heading, and altitude were variable, as was stand-
off distance from vertical surfaces. The frequency of image
collection was also variable, increasing in the vicinity of black
smokers and hydrothermally inactive sulfides occurrences and
when geological samples were collected. Thumbnail images from
the SciCam are available on the Jason Virtual Van System1 under
“2017: at37–08”; images and metadata are archived at the Woods
Hole Oceanographic Institution. There are evident limitations
to the dataset obtained in this study, including an inability (i)
to assess total abundance of brisingids on any given vertical
surface, since only one face of a structure was in the field of
view on the transect, (ii) to reliably measure brisingid densities,
since stand-off distances from vertical surfaces were variable
and not measured, or (iii) to capture a quantitative estimate
of sampling effort for each substratum type. Nevertheless, we
could reliably quantify the abundance of brisingid seastars in each

1http://4dgeo.whoi.edu/jason

photo and the nature of the substratum on which each brisingid
was located. Duplicate counting of individuals was avoided by
attention to overlapping fields of view between images. Because
lighting, water clarity, and scale varied among photos and likely
contributed to color variation in the images, no quantitative data
was collected on the relative abundance of two different color
morphs (orange and white) of Pito Seamount brisingids.

The substratum was broadly classified as basalt or sulfide.
Following Karson et al. (2015), basalt substrata were further
classified as hackly, rubble, edge (e.g., scarp edge), pillow,
sheet, ropey, and lobate (Figure 2). Hydrothermally inactive
(relict) sulfide substrata (i.e., visually devoid of shimmering
water or other indication of fluid flux) were further classified
as chimney, boulder, ledge, and debris (Figure 3). Locations of
black smokers observed along the Dive 961 transect were also
recorded (Table 1).

To supplement observations of brisingid distributions on the
Pito Seamount transect, Virtual Van SciCam thumbnail images
from ROV Jason II Dives 953 through 960 from the walls
of nearby Pito Deep (max depth of 5,260 m; PMaG cruise;
22.97◦S, 111.95◦W; Figure 1) were reviewed. Pito Deep provides
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FIGURE 2 | Examples of basalt substrata hosting brisingids at Pito Seamount: (A) hackly and sheet; (B) edge and rubble; (C) lobate and edge; (D) pillow; (E) sheet;
(F) ropey and sheet.

a cross section through rifted crust of the EPR, is dominated by
hard rock substrata, and is devoid of hydrothermal activity and
sulfide features.

Data Analysis
Brisingid data analyses and visualizations were undertaken using
R (R Core Team, 2020) and ggplot2 (Wickham, 2016). To test
for significant differences among brisingid median abundances
and substratum types, a Kruskal-Wallis rank sum test followed
by a Dunn post-hoc test was undertaken using “rcompanion”
(Mangiafico, 2016).

RESULTS

Pito Seamount: Transect Effort and
Brisingid Seastar Distributions
At Pito Seamount, the seabed was visible in 2,773 photos collected
during a 15.6-h, non-linear transect that covered ∼3,700 m.
Depth varied by < 100 m, from 2,240 to 2,325 m. Seven black
smoker complexes (Figure 4) plus ∼57 discrete hydrothermally
inactive, relict sulfide chimneys (ranging in height from 0.15 to
∼15 m) were visited during the transect. About a third of the
photos (963) included black smokers, another third (886) were of
basalt substrata, and the remainder (924) were of hydrothermally
inactive sulfides (Table 2). Distributions of substratum types
among photos, while indicative, are not quantitative measures
of sampling effort given the limitations of the survey strategy as
described in section “Materials and Methods.”

Of the photos collected, 301 (∼10%; excluding overlapping
images) included one or more 9-armed, orange or white/cream-
colored (Figure 2A) brisingid seastars (Supplementary Table 1).
The total number of brisingids recorded was 4,005 individuals.
Apart from an occasional gorgonian whip coral (n = ∼11 total),
two seastars (2 different species), and invertebrate taxa associated
with black smoker complexes, other benthic megafauna were
inconspicuous along the transect.

Brisingid seastars were observed at intervals along the entire
ROV Jason II Dive 961 transect, occurring occasionally
as solitary individuals and most often in aggregations
(Figures 2, 3). Most brisingids (∼90%) occurred on relict
sulfide substrata (Table 2 and Figure 5). Highest abundances
of brisingids on relict sulfide substrata were observed near
the Sniper, Sentry, and ABE black smokers and on relict
sulfide chimneys 120 m to the NE of the Jason and Medea
vents (Figure 6). Highest abundances of brisingids on basalt
were observed near the Jason and Medea black smokers
(Figure 6). There was a single example of brisingids on
hydrothermally inactive chimneys within just a few to tens of
centimeters of a black smoker at Scotty’s Castle (Figure 3E).
Eight relict sulfide chimneys (of 57; < 15%) were devoid of
brisingids. Two chimney-scale structures were also devoid
of brisingids, but the photos were not of sufficient quality
to distinguish whether the substratum was basalt or sulfide.
In addition, one basalt pillar was observed, also devoid of
brisingid seastars.

Median brisingid abundances were greatest on sulfide
substrata classified as relict sulfide chimneys (Table 2 and
Figure 7; see also Supplementary Figure 1). Relict sulfide
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FIGURE 3 | Examples of hydrothermally inactive (relict) sulfide substrata at Pito Seamount: (A) chimney; (B) boulders; (C) ledge; (D) debris; (E) example of brisingids
on relict chimneys close to Scotty’s Castle black smoker; (F) six-armed brisingid on olivine gabbro talus at 5,200 m in Pito Deep.

TABLE 1 | Pito Seamount black smoker coordinates, depth, maximum temperature, and ROV Jason II event number.

Black smokers Latitude S (decimal degree) Longitude W (decimal degree) Depth (m) Measured Tmax
◦C ROV Jason II event number

Jason 23.3412278 111.6399361 2,319 370.68 20,769

Medea 23.3414611 111.6397111 2,311 368 21,176

ABE 23.334875 111.6392417 2,267 >279* 22,241

Sentry 23.3348778 111.6393694 2,270 >263* 22,341

Sniper 23.3342917 111.6398028 2,272 >286* 22,533

Scotty’s castle 23.3301472 111.6416722 2,252 344 23,043

Magnificent village 23.3299972 111.6421417 2,254 338.85 23,141

*Measured temperatures are inferred to reflect entrainment of seawater during measurement; end-member fluids for these black smokers are inferred to be above 300◦C,
given the presence of metal precipitates (“smoke”) in the fluids.

chimneys were also the substratum type that had the greatest
variability in brisingid abundance per photo and the greatest
number of outlier abundances in boxplots (i.e., lying more
than 1.5× the length of the box from either end). One image
included nearly 200 brisingids (estimated maximum density
on the order of 300 individuals per m2). Brisingids were
scarce on low-relief basalt substrata (Figure 7) and absent on
black-smoker chimneys. Brisingid abundances for the sulfide
substratum type “chimney” and the basalt substratum type
“hackly” differed significantly from those of all other basalt and
sulfide substratum types [Kruskal-Wallis rank sum test; chi-
squared (H) = 45.1, d.f. = 10, p < 0.001, followed by a Dunn test
(p < 0.001); Figure 7].

Pito Deep: Transect Effort and Brisingid
Seastar Distributions
During nine ROV Jason II dives in the Pito Deep locale, 20,544
images were collected during a total of 362 h, covering ∼22 km

along the seafloor (transects not illustrated). Solitary brisingid
seastars were observed in 21 of these photos (0.001%), from
depths of 3,680 to 5,260 m (Supplementary Table 2). Pito Deep
brisingids were 6-armed (Figure 3F), distinct from those of Pito
Seamount, and inferred here to be a different species.

DISCUSSION

Despite decades of scientific study on the EPR, surprisingly
little is known about the distribution of benthic invertebrates
(abundance, composition, functional traits, etc.) relative to black
smokers and relict sulfide occurrences. This study is, to our
knowledge, the only mapping of non-vent-endemic invertebrate
distributions relative to substratum types in an EPR-like setting.
Analytical limitations encountered during the opportunistic
study described here (e.g., challenges in quantifying sampling
effort) point to the need of “fit-for-purpose” surveys and attention
to sampling design.
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FIGURE 4 | Geomorphological context of the ROV Jason II Dive 961 transect. (A) Ship multibeam bathymetry (60-m resolution) from R/V Atlantis cruise 11–33
(2005) infilled with satellite-derived bathymetry to show the location of Pito Seamount and the study area detailed in (B,C) (blue rectangle) relative to Pito Deep. (B,C)
Overlapping Fledermaus-rendered perspectives, Pito Seamount study site. Approximate location of ROV Jason II Dive 961 transect (white line) is overlain on
high-resolution bathymetry (0.5–1 m resolution) collected during AUV Sentry Dive 427 at the summit of Pito Seamount. Asterisks in B and C mark the same
geographical locale. Active hydrothermal vents visited during the transect are labeled (see also Table 1). All images produced in Fledermaus v 7.7.4.

Less surprising is the finding that relict sulfides in the
Nautile Hydrothermal Field were not colonized by large, long-
lived (decades and more) corals and sponges. This contrasts
with observations of relict sulfides covered by relatively dense
and/or distinct assemblages of attached and sessile invertebrates,
including those reported from Manus Basin back arc spreading
centers (Erickson et al., 2009), New Zealand Seamounts (Boschen
et al., 2015, 2016), and the Central Indian Ridge (Gerdes et al.,
2019). While we do not know the age of the relict sulfides
observed in this study, they may be too young (decadal or
less) to have accumulated long-lived taxa, but other explanations
can be imagined. Alternative (and non-exclusive) explanations

for the absence of large, attached organisms include differences
in predominant sulfide mineralogies and substratum instability
or other geochemical conditions that render the substratum
unsuitable for establishment and persistence of coral, sponge, or
other attached, long-lived taxa.

Suspension-feeding brisingid seastars on Pito Seamount were
the visually dominant organisms on hydrothermally inactive
sulfide substrata in this study. They were most abundant on relict
sulfide chimneys elevated above the seafloor by 10 s of cm to ∼15
meters or more and within meters to 100’s of meters of black
smokers. Of the basalt substrata, the frequency of occurrence
of brisingids was slightly elevated on hackly basalt adjacent
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TABLE 2 | Pito Seamount.

Substratum type Estimated
relief

Total number
of photos*

Photos with
brisingids

Total
brisingid

abundance

Brisingid relative
abundance (%)

Median brisingid
abundance per

photo

Mean brisingid
abundance per

photo

Basalt

Hackly 5–10 cm 277 38 226 5.6 2.5 6

Pillow 20–30 cm 220 9 30 0.7 2 3.3

Lobate 20–25 cm 120 6 16 0.4 2.5 2.7

Sheet 0–2 cm 121 9 32 0.8 2 3.6

Ropey 10–20 cm 53 2 8 0.2 4 4

Rubble 5–10 cm 46 8 32 0.8 2 4

Edge na 49 10 78 1.9 6.5 7.8

Total 886 82 422 10 2.5 5.2

Sulfide (relict)

Chimney 0.5–15 m 531 126 2,628 65.6 10 20.9

Debris 15–30 cm 255 50 422 10.5 3 8.4

Boulder 10–50 cm 128 41 514 12.8 7 12.5

Ledge na 10 2 19 0.5 9.5 9.5

Total 924 219 3,583 90 8 16.4

Black smoker 963 0 0 0 0 0

SUMS 2,773 4,005

Substratum types, estimated relief, number of photos with each substratum type, brisingid abundances by substratum type, summary statistics (see also Figures 5, 7);
na, not applicable.
*The total number of photos for each substratum type is an indicative rather than quantitative measure of sampling effort, given the limitations of the survey strategy as
described in section “Materials and Methods.”

FIGURE 5 | Frequency distributions of brisingid abundances per photo on basalt and hydrothermally inactive sulfide substrata. Solid lines: median; dashed lines:
mean.
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FIGURE 6 | ROV Jason II Dive 961 navigation track overlain with brisingid abundance (per photo) bubble plots for basalt and hydrothermally inactive sulfide
substrata. Labeled triangles indicate locations of active black smokers; asterisks indicate aggregations of relict sulfide chimneys.

to black smokers. Anecdotally, relief alone is not sufficient to
attract brisingids, given their absence on a meters-tall basalt
pillar captured in the photos. The absence of brisingids on
black smokers at Pito Seamount suggests that hydrothermal
fluids emanating from sulfide surfaces create a thermally and/or
chemically noxious habitat for this taxon. Brisingid seastars
(likely a different species from those on Pito Seamount) were
scarce in Pito Deep, where there was no hydrothermal activity
and where food delivery may be diminished due to the greater
depth. Future assessments of controls on brisingid distributions
would benefit from surveys of basalt substrata at Pito Seamount
(i.e., conspecifics at similar depths) but further removed from
hydrothermal activity.

Aggregations of brisingids on hydrothermally relict chimneys
some distance (up to 300 m) away from black smokers suggests
that additional factors other than proximity to hydrothermal
activity may contribute to their observed distribution. These
include (i) microtopographically modified currents that
deliver enhanced particulate organic material (POM) from

chemosynthetic activity within the hydrothermal field and from
surface-derived photosynthetic activity to suspension feeders on
relict sulfide chimneys (Tunnicliffe et al., 1986; Erickson et al.,
2009; Washburn et al., 2019); (ii) diffuse low-temperature and
low-toxicity fluid flux that may persist in what might visually
appear to be “relict” sulfide chimneys and that supports primary
production by free-living microorganisms, which in turn serves
as food for brisingids (Van Dover, 2019); (iii) autotrophic
production based on oxidation of sulfide minerals (rather than
dissolved sulfide or other reduced compounds in hydrothermal
fluids) that serves as a food source for brisingid seastars
occupying relict chimneys (Kato et al., 2010; Li et al., 2017);
and (iv) microbes associated with undetected areas of diffuse,
low-temperature flow through faults and cracks in the basalt that
contribute to chemoautotrophic food resources for brisingids.

Currents that deliver suspended particles are known to be
modified in areas of microtopographic (meters) relief, with
acceleration zones over and between structures and eddy
dissipation in the wake of structures (Hench and Rosman, 2013).
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FIGURE 7 | Brisingid abundance per photo on sulfide and basalt, ordered by median values. Horizontal line: median; filled area: 25th through 75th percentiles;
whiskers: maximum and minimum values; symbols: outliers (i.e., more than 1.5 × the length of the box from either end). Letters indicate significant differences
(p ≤ 0.001).

The observed higher abundances and densities of brisingids on
relict chimneys proximal to black smokers is consistent with the
hypothesis that brisingids benefit from such modified currents
and from enhanced delivery of organic material produced at
and exported from nearby areas of hydrothermal activity. Stable
isotope analyses of suspension-feeding invertebrates in areas
peripheral to active vents in Manus Basin (Erickson et al.,
2009) provide indirect support of this food-enrichment and
delivery hypothesis. However, where gradual mineralization leads
to clogging and cessation of high-temperature fluid flux in
a black smoker chimney, diffuse flow may continue to be
emitted. Without sensitive temperature or fluid flux measures,
we cannot state with certainty that relict sulfide chimneys on
Pito Seamount lacked a diffuse flow component of hydrothermal
activity, below what would be apparent from shimmer in
the real-time video as our imagery was collected. Nor can
we be certain there were no areas of diffuse flow through
fissures or cracks in basalt outside the field of view of the
ROV cameras. We also can offer no evidence that the sulfide
substratum itself is essential to maintaining dense aggregations
of brisingids, although chemoautotrophic microbial production
based on oxidation of sulfide minerals of relict sulfide chimneys
is well documented (Van Dover, 2019; Orcutt et al., 2020; Van
Dover et al., 2020). The abundance and activity of microbial
communities at relict sulfides may even be comparable to or
greater than that of microbial communities on black smoker

chimneys (Edwards et al., 2003; Kato et al., 2010; Li et al., 2017),
but whether these microbes are available to suspension feeders
remains to be determined.

A nutritional connection between brisingid abundance and
chemosynthetic productivity exported from active hydrothermal
vents on Pito Seamount and elsewhere on the EPR thus remains
conjectural in the absence of direct evidence. Future studies
may gather systematic data to refine the spatial “sphere of
influence” (Levin et al., 2016) of hydrothermal activity and
brisingid distributions. Such efforts might include undertaking
more detailed characterization of the hydrothermal status of
“relict” chimneys and using a combination of abundance data and
stable isotope compositions of megafaunal tissues along transects
approaching zones of hydrothermal activity to estimate the
relative importance of photosynthetically and chemosynthetically
derived organic material.

Reproductive benefits of aggregative behaviors may also
underlie brisingid distributions near hydrothermal vents. While
brisingids are sedentary, they are capable of some movement
over the substratum. One species was observed to shift position
by ∼1 cm in 10 min, presumably in response to shifting
currents (Edwards et al., 2016). The extent to which dense
aggregations of brisingids contribute to reproductive success of
the species is unknown, but high densities may be important in
the maintenance of local populations. Where eggs and sperm
of a species are broadcast into the water column, as indicated
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for brisingid seastars, aggregation of adults that exploit enriched
sources of food could mitigate reproductive Allee effects, where
fertilization success is limited among more solitary individuals
(Gascoigne and Lipcius, 2004).

While it seems unlikely that relict sulfide occurrences such
as those observed at Pito Seamount will be the target of
deep-sea mining activities, they do appear to be an important
habitat for brisingid seastars. If conservation measures should
be merited to conserve biodiversity in this region, area-
based management interventions could be used to protect
representative aggregations of brisingids (Boschen et al., 2016;
Van Dover, 2019; Boschen-Rose et al., 2021). While it can be
challenging to suggest effective mitigation or restoration actions
in the deep sea (Van Dover et al., 2014; Da Ros et al., 2019), this
study suggests that construction of “artificial” microtopographic
features within 10–100’s of meters of hydrothermal activity might
passively attract mobile taxa and/or new recruits, or might be
repopulated through transplant of individuals from sites targeted
for disturbance. Such an approach might be considered for
aggregated taxa associated with relict sulfides elsewhere, as, for
example, corals and urchins found on hydrothermally inactive
sulfide occurrences associated with New Zealand seamounts
(Boschen et al., 2015, 2016). Further research would be merited,
however, to determine the design and efficacy of such artificial
structures as mitigation interventions in any given region.

CONCLUSION

Suspension-feeding brisingid seastars were the visually dominant
megafaunal invertebrate observed along the ROV Jason II Dive
961 transect at Pito Seamount and were most abundant on
microtopographic relief provided by relict sulfide chimneys near
black smokers. The sphere of influence of vent productivity
on brisingid abundance may extend > 300 m from black
smokers. Together, relict sulfide chimneys and proximity to
black smokers likely play key roles in the maintenance of
brisingid population density on Pito Seamount, though there
may be other contributing factors. Experimental introduction of
“artificial” microtopographic relief could test whether such an
approach might mitigate potential impacts of mineral extraction
on populations of suspension-feeding invertebrates.
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