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Abstract

The biology of Kick’em Jenny (KEJ) submarine volcano, part of the Lesser Antilles volcanic arc and located off the
coast of Grenada in the Caribbean Sea, was studied during a cruise in 2003. Hydrothermal venting and an associated
biological assemblage were discovered in the volcanic crater (~250 m depth). Warm water with bubbling gas emanated
through rock fissures and sediments. Shrimp (some of them swimming) were clustered at vents, while other individuals
lay immobile on sediments. The shrimp fauna consisted of 3 mesopelagic species that had no prior record of benthic or
vent association. We suggest that these midwater shrimp, from deeper water populations offshore, were trapped within
the crater during their downward diel vertical migration. It is unknown whether they then succumbed to the hostile vent
environment (immobile individuals) or whether they are potentially opportunistic vent residents (active individuals}.
Given the abundance of submarine arc volcanoes worldwide, this phenomenon suggests that volcanic arcs could be
important interaction sites between oceanic midwater and vent communities.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

S Volcanic arcs are common geological features,
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explored. Geochemically, they are important
because they inject hydrothermal fluids at many
depths throughout the water column and are sites
of potential ore deposits. Biologically, volcanic
arcs may be important stepping stones geographi-
cally for vent and seamount fauna (Van Dover et
al., 2002). Like seamount chains, each volcano in
an arc is biogeographically an island surrounded
by deeper water, but, in contrast to geologically
inactive seamounts, there are vent dynamics and
chemistry on the summit that affect organisms.
Volcanic arcs, like seamounts, may also be
important interaction sites between oceanic mid-
water and benthic communities.

Kick’em Jenny (KEJ) submarine volcano, lo-
cated off the coast of Grenada in the Lesser
Antilles (Fig. 1), is the most active submarine
volcano in the Caribbean region (Sigurdsson and
Shepherd, 1974; Devine and Sigurdsson, 1995;
Watlington et al., 2002), last erupting in 2001,
Bacterial mats and near-bottom floc, indicative of
hydrothermal venting, were seen during 1989
submersible dives shortly after a 1988 eruption
(Sigurdsson, personal observation). Here, we
describe hydrothermal venting and an associated
biological assemblage in the crater of the volcano
at ~250 m depth that were observed by a remotely

operated vehicle (ROV) in 2003. While the land-
ward side of KEJ shoals towards Grenada, the
western seaward side of the volcano slopes to
~1600m depth. This suggests that midwater
oceanic animals could encounter the summit of
KEJ during their diel vertical migration. Thus,
KEJ also provides an example of the complex
interactions between midwater and vent commu-
nities that may be important in structuring faunal
assemblages on volcanic arcs.

2. Materials and methods

Kick’em Jenny volcano was explored during
cruise RB-03-03 on the NOAA ship Ronald H.
Brown from 10 to 21 March 2003 as part of the
NOAA Ocean Exploration Program (chief scien-
tist H. Sigurdsson). Biological studies reported
here were done on an ancillary basis. The Eastern
Oceanics ROV was used for sampling and photo-
graphy of the seafloor and benthos. Photography
included color video, frame grabs from the video,
and still photographs. A suction sampler with a
single sample container was used to collect larger
fauna, especially shrimp. Water and animals were
vacuumed into the sampler via a tube and nozzle
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Fig. 1. Map showing the location of Kick’em Jenny volcano (contours in m). The star marks the location of the volcano.
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held by the arm of the ROV and positioned near
the seafloor. A temperature sensor was located at
the end of the arm near the nozzle. The ROV was
deployed only during daytime and retrieved 1|
suction sample per dive. Three of the deployments
targeted the central volcanic crater, and those 3
suction samples, taken near vents, contained
shrimp. Shrimp were sorted by hand, rinsed with
seawater on a 153 pm mesh sieve, preserved in 4%
buffered formalin, and identified later in the
laboratory. Food webs were investigated with
stable isotopes (8'°C, 8'°N) and gut content
analyses (light microscopy) of selected specimens.
Shrimp stable isotope values were measured by R.
McKinney at the Narragansett EPA laboratory.
9"*C values were corrected for formalin effects by
adding 1.65%o0 to measured values (Sarakinos
et al., 2002).

3. Results
3.1. Environmental setting of KEJ

KEJ lies beneath a warm (sea surface 7~26°C)
tropical sea with a mixed layer depth of ~50m.
The floor of the main volcanic crater is ~250m,
while the shallowest part of the crater rim is
~180m. Secondary cones and craters were noted
outside the main crater. Venting, documented by
ROV photographs and temperature measure-
ments, occurred through fissures (up to tens of
meters long) in the basaltic seafloor and also
through fine-grained sediments and coarse-grained
brecciated deposits (Fig. 2). Hydrothermal venting
appeared to be confined to a small inner crater
within the larger main crater of the volcano,
especially along the base of the scarp that
descended from the rim on the western side.
Venting was not observed on the flanks of the
volcano or in secondary craters. Bubbling gas was
a notable feature of some, but not all, vents. Water
near vent fauna was 14-17°C (ambient
T = 14°C), while water emanating from fissures
was up to 70°C and hotter (~270°C) in the
sediments. Oxygen in the crater (250m) was
similar to that in the adjacent open ocean
{(115uM/kg), and a prominent particle plume at

~230m, seen in CTD transmissivity data, ema-
nated downstream from the crater into the
adjacent ocean basin (W.D. Wilson, personal
communication).

3.2. KEJ biology overview

In 2003, the main KEJ vent crater had surpris-
ingly few types of animals (several species of
shrimp and worms). In contrast, the crater rim had
abundant large suspension feeders (corals) and
fish. Some inactive secondary craters outside the
venting crater had a more diverse benthic and
pelagic faunal assemblage, including urchins,
crabs, sponges, corals, holothurians, pelagic and
benthic fish, and pelagic gelatinous taxa. Within
the main crater, some vents had shrimp, while
others had none. Worm distributions near vents
were poorly constrained since they were not
usually visible photographically. A new spionid
polychaete species, Malacoceros jennicus, was the
most common worm (Graff et al., in preparation).
White bacterial mats (presumably Beggiatoa)
occurred near many vents and were the habitat
of the worms; red flocculent material covered
many surfaces on rocks and sediments near and
away from vents. Although many animals were
collected in a suction sample, locations of specific
individuals relative to vents could not be ascer-
tained.

3.3. Shrimp

Shrimp were clustered in dense aggregations in
some {but not all) venting fissures, including some
with bubbling gas and some without gas bubbles
(Fig. 2). Aggregations ranged in size from <im
patches with tens of individuals to linear arrays
along fissures with an estimated several hundred
animals. Shrimp were also commonly observed
dispersed as individuals lying immobile on their
sides on top of sediment and in the crevices
between rocks. They were not observed in inactive
craters (without vents) on other parts of the
volcano. It was unclear whether all the shrimp
were alive, Shrimp in aggregations in and near
active venting (shimmering water) were occasion-
ally seen swimming in the video, but others






