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Abstract. At deep-sea hydrothermal vents on the East
Pacific Rise (9°50'N), distinct megafaunal assemblages are
positioned along strong thermal and chemical gradients. We
investigated the distribution of gastropod species to deter-
mine whether they associate with specific megafaunal zones
and to determine the thermal boundaries of their habitats.
Gastropods colonized a series of basalt blocks that were
placed into three different zones characterized by vestimen-
tiferan tubeworms, bivalves, and suspension-feeders, re-
spectively. Additional gastropods were collected on se-
lected blocks from higher temperature vestimentiferan
habitat and from grab samples of alvinellid polychaetes. On
the blocks, gastropod species clustered into a “Cool” group
(Clypeosectus delectus, Eulepetopsis vitrea, Gorgoleptis
spiralis, and Lepetodrilus ovalis) whose species tended to
be most abundant in the suspension-feeder zone, and a
“Warm” group (Lepetodrilus cristatus, L. elevatus, L. pus-
tulosus, and Cyathermia naticoides) whose species all were
significantly more abundant in the vestimentiferan zone
than elsewhere. The temperature ranges of Cool species
were generally lower than the ranges of Warm ones, al-
though both groups were present at 3 to 6 °C; also present
was Bathymargarites symplector, which clustered with nei-
ther group. Three additional species, Rhynchopelta concen-
trica, Neomphalus fretterae, and Nodopelta rigneae, co-
occurred with Warm-group species on selected blocks from
hotter habitats. Although a few species were found only in
alvinellid collections, most species were not exclusive to a
specific megafaunal zone. We propose that species in the
Cool and Warm groups occupy specific microhabitats that
are present in more than one zone.
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Introduction

A striking feature of hydrothermal vent communities on
the East Pacific Rise is the strongly marked faunal zonation
associated with vent fluid temperature and chemistry. Areas
of vigorous venting (temperatures from 30° to over 400 °C
and H,S concentrations up to 12 mmol kg~ '; von Damm,
1995) are inhabited by alvinellid and other polychaetes. In
areas where venting is more diffuse (<30 °C, H,S concen-
trations roughly 0.20—0.30 mmol kg~ ', moderately acidic
pH; Le Bris er al., 2006), vestimentiferan tubeworms, some-
times mixed with mussels, predominate. In areas with even
more diluted vent fluids (< 7 °C, H,S roughly 0.15 mmol
kg ', nearly neutral pH), the vestimentiferans are replaced
by bivalves. Adjacent to the bivalve-dominated zone is an
area where temperatures approach ambient (1.8 °C); that
area is inhabited by serpulid polychaetes, barnacles, and
other suspension feeders.

The habitat associations of these larger macrofauna and
megafauna have been well described from submersible ob-
servations and monitoring studies (Hessler er al., 1985;
Fustec et al,, 1987; Shank er al, 1998), but much less
information is available on the spatial patterns of smaller
macrofauna. These may be extremely numerous but are
difficult to observe in the field. Most are too small to
identify visually from photographs or video, and they often
live within vestimentiferan thickets or under mussel cover.
Yet because of their numbers, their contribution to the local
ecology is likely significant.

Studies of the smaller macrofauna at deep-sea vents sug-
gest that some species are tightly associated with specific
habitat, whereas others are not. On the East Pacific Rise
near 13°N, Jollivet (1996) found a specific set of macro-
fauna that appeared to be associated with each type of vent
microhabitat. In contrast, on the East Pacific Rise near 9°N,
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several macrofaunal species have been found in more than
one type of vent environment (Micheli et al., 2002; Van
Dover, 2003; Govenar et al., 2005), and on the Juan de Fuca
Ridge many species occur in more than one faunal assem-
blage and across a range of fluid-flow environments (Sar-
razin and Juniper, 1999). However, since each of these
studies was conducted and analyzed with different tech-
niques, more study is needed to generalize across taxa or
geographic sites.

Macrofauna are difficult to collect because of their small
size and often cryptic habitats. Typically they are captured
by a vacuum system or within clumps of alvinellid
polychaetes, vestimentiferan tubeworms, or bivalves
(McLean, 1988; Waren and Bouchet, 1989; Sarrazin et al.,
1999; Van Dover, 2003; Govenar et al., 2005). Within these
biogenic habitats, thermal and associated chemical gradi-
ents may be quite steep, so that it is difficult to characterize
the physicochemical environment of an individual macro-
faunal inhabitant. For instance, temperatures within a ves-
timentiferan thicket may range from near-ambient to over
25°C (Hessler and Smithey, 1984) and can vary more than
10 °C at a single point on short (<1 h) time scales (Le Bris
et al, 2006). An alternative system for collecting vent
species is to introduce small basalt blocks into the desired
habitats and allow them to become colonized (e.g., Mul-
lineaux et al., 2000). Although this system requires pa-
tience, the introduced blocks have several advantages. The
substratum that the blocks provide is similar to natural
basalt but small relative to the spatial extent of each habitat
type (the dimensions are similar to typical bottom roughness
elements at these vents), can be used in habitats other than
those with habitat-forming megafauna, has a consistent and
easily quantified surface area, and presents a consistent
shape for temperature measurements.

Our main goal in the present study was to characterize the
associations of a subset of macrofauna—the gastropods—
with the well-established megafaunal assemblages and ther-
mal environments at vents near 9°N on the East Pacific
Rise. We focused on the gastropods because they are nu-
merous (reaching densities of 7 X 10% individuals m™2:
Govenar et al., 2005), diverse, and found in all but the most
extreme (~50 °C and higher) vent habitats. Also, unlike
sessile species, they are able to adjust their position in
response to changing environmental conditions (Bates et al.,
2005), so that their distributions likely reflect present con-
ditions. We quantified species abundances on introduced
basalt surfaces to determine whether gastropods occur in
discrete species assemblages and to investigate whether
these assemblages exhibit habitat zonation patterns similar
to those observed in vent megafauna. We also characterized
the temperature range inhabited by each species and ana-
lyzed how species abundance varied with temperature. Ad-
ditional qualitative sampling of gastropods from high-tem-
perature habitats was used to extend the scope of the study.

Quantification of these patterns can give us a clearer picture
of how species interact with each other and their environ-
ment, and may allow us to make predictions about ways in
which vent faunas will respond to temporal changes in their
environment.

Materials and Methods
Block colonization experiment

Most gastropods in this study were collected during a
colonization experiment conducted near 9°50'N on the East
Pacific Rise as part of the National Science Foundation’s
Larvae at Ridge Vents (LARVe) project. Basalt coloniza-
tion blocks, roughly 10 cm on each side, were positioned by
the submersible Alvin at three sites along a 2-km section of
the ridge (depth 2500 m): Biovent, East Wall, and Worm
Hole. For the present analyses we used 71 blocks deployed
in November 1994 and April 1995 and recovered after
intervals of 5 months (Nov 1994 to Apr 1995), 8 months
(Apr to Dec 1995), or 13 months (Nov 1994 to Dec 1995).

At each site three replicate blocks were placed within
habitats characterized by conspicuous megafaunal associa-
tions—the vestimentiferan, bivalve, and suspension-feeder
zones (see Mullineaux et al., 2003, for complete experimen-
tal design). Worm Hole did not have a mussel-covered zone
comparable to those at the other sites; instead, juvenile
mussels were sparsely scattered among the serpulids in the
suspension-feeder zone. Temperature (maximum value over
a period of ~1 min) was measured at the base of each block
just prior to recovery. This base temperature was consis-
tently as high as, or higher than, elsewhere on the block and
provided a consistent point for comparison between blocks.

Blocks were individually recovered by Alvin into separate
compartments for transport to the surface. The blocks were
examined aboard ship and then preserved in 80% ethanol.
Everything that remained in the collection compartment was
sieved over a 63-um screen and preserved separately (des-
ignated as sieve samples).

All gastropods, in all size classes, were removed from the
blocks in the laboratory and identified to the lowest taxo-
nomic level possible. In addition, all gastropods in the sieve
samples that were large enough to be retained on a 1-mm
sieve were counted and identified. Juveniles that were too
small to identify were eliminated from the analyses.

Complementary block and grab sampling

Because most of the blocks in the colonization experi-
ment were recovered at temperatures below 12 °C, we also
examined all available blocks recovered at higher tempera-
tures (up to 26.3 °C) from nearby sites on the same section
of the ridge. The three blocks selected from Tica vent had
been deployed for 5 months (Dec 1999 to May 2000), and
the six from Riftia Field had been in place for 7 months
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(Apr 1999 to Dec 1999). Block recovery and shipboard
processing were as detailed above, except that sieve samples
were not retained. Both sets of blocks were examined
aboard ship for presence of gastropods, and the Tica blocks
were sorted again in the laboratory. We undoubtedly failed
to detect some species on these blocks because the sieve
samples were not examined and the shipboard identifica-
tions were not always to the species level. The presence of
a species was, however, useful in the context of this study
because it helped determine which species occurred at
higher temperatures.

No blocks were placed in the higher temperature habitats
that support alvinellids (Alvinella pompejana and A. cau-
data), so gastropods were collected there as bycatch during
alvinellid sampling. Alvin’s manipulator was used to grab
clumps of alvinellids, along with their tubes and associated
fauna, and place them into a lidded, insulated sampling box.
These collections were made in May 2000 at Q, P, Bio 9,
and Alvinellid Pillar vents, all within the region of our block
experiments. Gastropod specimens were recovered from the
bottom of the box after the larger animals were removed.
Individuals retained on a 0.5-mm sieve were sorted under a
Wild stereomicroscope on board the ship and either fixed in
10% seawater formalin and later transferred to 70% alcohol,
or frozen at —70°C. Actual counts were made when time
permitted; otherwise the abundances were estimated in cat-
egories of few (<10), common (10-25), abundant (25—
100), or very abundant (>100). The use of a 0.5-mm sieve
rather than the 1.0-mm sieve used for block samples could
potentially elevate abundances of the few species (e.g.,
Cyathermia naticoides, Eulepetopsis vitrea, and Clypeosec-
tus delectus) that were identifiable at sizes below 1.0 mm.
This issue is considered during interpretation of species
presence in the bycatch samples.

Because all megafaunal collections during a dive were
retrieved into the same sampling box, the alvinellid collec-
tions were unavoidably mixed with grab samples of vesti-
mentiferans and other species from lower temperature hab-
itats. Fortunately, many dives did not collect at high-
temperature habitats, so a set of grab samples of
vestimentiferans, without alvinellids, was available for
comparison. The gastropods from these non-alvinellid col-
lections were processed as above and compared to those
from the mixed collections to determine whether any gas-
tropod species appeared to be associated exclusively with
alvinellids.

Statistical analyses

Statistical analyses were performed on the most numer-
ous species from the block experiment (i.e., those with more
than 25 individuals). Gastropod species abundances were
analyzed with nonmetric multidimensional scaling (MDS;
Systat 11.0, using default values for ordinary euclidian

distance, and Kruskal loss function) to identify species
assemblages. A three-way analysis of variance (ANOVA;
Systat 11.0), using zone, site, and deployment duration
(interval) as factors, was used to compare gastropod abun-
dances between megafaunal zones. The data were logarith-
mically transformed (In(x + 1)) to approach homogeneity of
variance. Blocks from the bivalve zone were excluded from
the ANOVA because the zone did not occur at Worm Hole
and at East Wall all the 13-month blocks in it were lost.
Mean abundances were compared between zones using
Tukey’s post hoc comparisons.

Gastropod abundances on the subset of the blocks (56)
for which recovery temperatures were measured were used
to examine the relation between abundance and thermal
habitat. For each species, the central temperature range
inhabited by 90% of individuals was determined by elimi-
nating the 5% of individuals at the uppermost and lower-
most temperatures and presenting the range occupied by
those remaining. This range was intended to approximate
the typical thermal habitat of a population, rather than the
upper or lower physiological tolerance of individuals.

Results
Faunal associations

Twelve putative species of gastropods were found on the
blocks; of these, nine species (Bathymargarites symplector,
Clypeosectus delectus, Cyathermia naticoides, Eulepetopsis
vitrea, Gorgoleptis spiralis, Lepetodrilus cristatus, L. eleva-
tus, L. ovalis, and L. pustulosus) were common enough to
analyze statistically. Eight of these were found at all sites; L.
cristatus was absent from the Worm Hole blocks. The three
rare species were found only in the vestimentiferan zone at
Biovent: Gorgoleptis emarginatus and Peltospira delicata
on a single block each and Rhynchopelta concentrica on
two blocks.

A two-dimensional plot of the nonmetric multidimen-
sional scaling analysis showed species co-occurring in two
distinct groups, with one species, B. symplector, as an
outlier (Fig. 1). Of those in the first group (L. cristatus, L.
elevatus, L. pustulosus, and Cyathermia naticoides), all
were most abundant in the vestimentiferan zone and de-
creased in abundance in the bivalve and suspension-feeder
zones (Fig. 2). The differences between the vestimentiferan
and suspension-feeder zones were significant for all of these
(Table 1; P < 0.0125 with Bonferroni correction for mul-
tiple tests), and we refer to them as Warm species. Of those
in the second group (Clypeosectus delectus, E. vitrea, G.
spiralis, and L. ovalis), designated as Cool species, all
tended to be most abundant in the suspension-feeder zone
(Fig. 2). However, that pattern was significant only for
Clypeosectus delectus. Bathymargarites symplector differed
from the other species in that it had anomalously high
abundances on two blocks in the bivalve zone—one at
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Figure 1. Co-occurrence of gastropod species as displayed by non-

metric multidimensional scaling (MDS; Kruskal Stress = 0.036) of abun-
dances from the quantitative block experiment. Two groups are separated
along dimension 1, designated as Warm (closed circles) and Cool (open
circles). One species, Bathymargarites symplector (X), does not cluster
with either group.

Biovent and one at East Wall. However, its mean abundance
did not differ significantly between zones at either site
(one-way ANOVA: F = 0.81, df = 2, P = 0.47 at Biovent;
F =090, df =2, P = 0.42 at East Wall).

Although we were interested mainly in differences be-
tween megafaunal zones, we also detected significant ef-
fects of site and interval in the gastropod abundances (Table
1). A site effect was significant for Clypeosectus delectus,
G. spiralis, L. cristatus, and L. elevatus. For all of these
except L. cristatus, there were significantly more individu-
als at Worm Hole than at the other two sites, which were not
significantly different from each other. The site effect for L.
cristatus was due to its absence from Worm Hole; the other
two sites were not significantly different from each other.
For this species the zone X site interaction was also signif-
icant. The interval effect for L. elevatus was a result of
significantly lower abundances on the 5-month blocks than
on the 8-month or 13-month ones. None of the site or
interval effects affect our interpretations of the gastropod
zonation patterns.

Thermal habitats

Fifty-six of the 71 quantitative colonization blocks had
temperatures recorded upon recovery. The remainder lacked
this information, usually because the Alvin temperature
probe malfunctioned. Although the lowest recorded temper-

ature for most species was that of ambient seawater
(1.8 °C), the 90% temperature range reveals a distinct
difference in the ranges of Warm and Cool species (Fig. 3).
For each of our four Cool species, the lower bound of the
90% range was at ambient temperature (1.8 °C), and none
extended higher than 5.9 °C (G. spiralis). For the Warm
species, these ranges all began above 3 °C and went as high
as 11 °C (Cyathermia naticoides). Bathymargarites sym-
plector fell between the two groups, sharing a lower bound
(ambient) with the Cool species, but ranging up to 8.0 °C,
nearly as high as L. cristatus. Rhynchopelta concentrica
occurred on two blocks at temperatures of 4.6 and 9.8 °C.

Two additional species, Neomphalus fretterae and No-
dopelta rigneae, were found on blocks from Riftia Field and
Tica vents that had recovery temperatures above 12.0 °C
(Table 2; Fig. 3). The upper recorded temperatures for these
species were 25.0 °C and 26.0 °C, respectively. Rhyn-
chopelta concentrica was also found on all but one of the
Tica blocks, at a maximum temperature of 26.3 °C. In most
cases, these three species co-occurred with at least one
Warm species. No Cool species were found on these blocks.
We think they were truly absent, even though individuals
that fell off the blocks into the collecting compartments
were not examined. In the quantitative block colonization
experiment, all Cool species that were detected in the sieved
samples were also found directly on the blocks.

Four other species, Peltospira operculata, P. lamellifera,
Nodopelta sp., and Pachydermia laevis, that were rare or
absent from the blocks were captured as bycatch during
collections of alvinellids (Table 3). Since all bycatch sam-
ples also included species from lower-temperature environ-
ments, we divided the samples into two groups: those in
which the alvinellids were also sampled and those in which
they were not. The absence of these four species in our
non-alvinellid samples suggests that they are associated
closely with alvinellids. In contrast, all other species, in-
cluding the Warm and Cool species and R. concentrica,
were found in approximately equal numbers in both sets of
collections. Although it is possible that some of these may
co-occur with alvinellids, they do not associate with them
exclusively. The presence of Peltospira operculata, P. la-
mellifera, Nodopelta sp., and Pachydermia laevis in bycatch
samples, but not on blocks, is not due to the difference in
sieve sizes used (0.5 mm for bycatch, 1.0 for blocks),
because these particular species were not among those iden-
tifiable to species at sizes below 1.0 mm.

Discussion

Two distinct gastropod species assemblages, the Cool
and Warm groups, were defined in analyses of the quanti-
tative block experiment (Fig. 1). Species in the Warm group
were all most abundant in the vestimentiferan zone, but
none was restricted to that zone (Fig. 2). Species in the Cool
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Figure 2. Gastropod abundances in vestimentiferan (V), bivalve (B), and suspension-feeding (S) megafau-
nal zones. Values are means (= standard error) of In(n + 1) transformed abundances from quantitative block
experiment. Species are divided into Warm and Cool groups on the basis of MDS analysis in Fig. 1
(Bathymargarites symplector was the outlier). Differences between zones as evaluated by ANOVA are displayed

in Table 1.

group were generally (but not statistically) more abundant
in the suspension-feeder zone than elsewhere. These pat-
terns suggest that although gastropod abundances vary be-
tween vestimentiferan, bivalve, and suspension-feeder
zones, individual species are not restricted to specific zones.

The Cool and Warm groups occupy different, but over-
lapping, thermal habitats (Fig. 3). The Cool species were
rarely found at temperatures exceeding about 6 °C, whereas
the Warm species rarely occurred at temperatures below
3 °C. The upper limits of temperature ranges for the Warm
species were not constrained by this data set, because very
few of the blocks were recovered at temperatures above
14 °C.

The apparent overlap of some Warm and Cool species in
the 3 to 6 °C range may truly reflect overlapping thermal
ranges, or it may be due to imprecision in our temperature
measurements. The gastropods on a block do not necessarily

experience the thermal environment measured at the block’s
base; they may be in cooler temperatures, depending on
their proximity to the vent fluid source and the small-scale
hydrodynamics at the block. Thus, the measured tempera-
tures are, in most cases, only approximations of the thermal
environment of the gastropods. Despite this imprecision, it
is clear that the Warm group generally inhabits higher
temperatures than the Cool group.

Three additional species, Neomphalus fretterae, Rhyn-
chopelta concentrica, and Nodopelta rigneae, co-occur with
the Warm group on blocks in the 12 to 26 °C range (Fig. 3).
We include these species in the Warm group, although they
are rare or absent in the lower end (3 to 12 °C) of the
group’s temperature range. Note that although the species in
our assemblages co-occur, they do not necessarily share the
same temperature bounds.

We categorize three peltospirid species, Peltospira oper-
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Table 1

Probability (P) values from three-way analysis of variance (ANOVA) of gastropod abundances in the quantitative block experiment

Warm Group Cool Group Other
Cyathermia  Lepetodrilus  Lepetodrilus — Lepetodrilus ~ Clypeosectus — Eulepetopsis  Gorgoleptis  Lepetodrilus  Bathymargarites
Source naticoides cristatus elevatus pustulosus delectus vitrea spiralis ovalis symplector

Zone (Z) 0.001* <0.001* <0.001°* <0.001* <0.001* 0.056 0.176 0.732 0.082
Site (S) 0.998 0.007* <0.001* 0.447 <0.001* 0.061 0.006* 0.011 0.968
Interval (I) 0.689 0.075 0.003* 0.632 0.048 0.155 0.413 0.114 0.261
7 XS 0.691 0.007* 0.478 0.849 0.064 0.013 0.001 0.018 0.485
IXS 0.733 0.266 0.789 0.616 0.179 0.794 0.328 0.985 0.606
IXZ 0.681 0.075 0.799 0.980 0.779 0.983 0.455 0.541 0.897
IXZXS 0.817 0.266 0.117 0.484 0.452 0.300 0.471 0.672 0.349

Zones (Z) were vestimentiferan and suspension-feeder (df = 1; bivalve zone was excluded because of missing data); Sites (S) were Biovent, East Wall,
and Worm Hole (df = 2); and Intervals (I) were 5, 8, and 13 months (df = 2). Abundances were In(n+ 1) transformed. Values that were significant at P <

0.05 (or P < 0.0125 for Warm and Cool groups that required Bonferroni correction for multiple tests) are marked with an *.

culata, P. lamellifera, Nodopelta sp., and one neomphalid, were not measured for these specimens, but they likely
Pachydermia laevis, that were found only in alvinellid col- inhabit at least part of the temperature range tolerated by
lections into an “Alvinellid” group (Fig. 3). Temperatures alvinellids. The temperature limits of alvinellids are not

Nodopelta sp.
Peltospira lamellifera
Absent from all block sampling
Peltospira operculata

Pachydermia laevis

Nodopelta rigneae *
Rhynchopelta concentrica [ ® ok * s
Neomphalus fretterae * *
Lepetodrilus pustulosus } - - *
Lepetodrilus elevatus |- - [N - - - * she
Cyathermia naticoides |- - N - - - * *
Lepetodrilus cristatus | Hill N - - - - *
Bathymargarites symplector
Gorgoleptis spiralis
Lepetodrilus ovalis fEESS — -~~~ ~~4 ——=> Alvineliid Group
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Clypeosectus delectus |98 — - — - —— -
[t Cool Group
Eulepetopsis vitrea B Other Species
10 15 20 25 30

Temperature (°C)

Figure 3. Temperature ranges for gastropod species in diffuse flow in quantitative block experiment and
complementary sampling. Solid bars indicate the central temperature range of 90% of individuals in the
quantitative experiment; dashed lines extend to the minimum and maximum temperature recorded for any
individual; and circles indicate presence of rare species on individual blocks in that experiment. Asterisks mark
presence on blocks in the complementary sampling. Unfilled arrows show estimated temperature range of the
Alvinellid group.
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Table 2

Abundance (number of individuals) or presence (+) of gastropod species on individual blocks recovered at temperatures (°C) >12 °C from

complementary sampling at Tica and Riftia Field

Riftia Field Tica

Species 25.0 25.0 16.7 26.3 26.0 23.0 18.0 13.5 12.8
Nodopelta rigneae 1
Neomphalus fretterae 1 1
Rhynchopelta concentrica 1 12 7 + +
Cyathermia naticoides 8 19
Lepetodrilus cristatus 1 +
Lepetodrilus elevatus + + 15 30 28 + +
Lepetodrilus pustulosus 2 5 13

well defined because of the difficulty of measuring condi-
tions inside their tubes (e.g., Chevaldonné et al., 2000), but
the absence of Alvinellid group species in the diffuse flows
of up to about 25 °C that support vestimentiferan colonies
suggests an association with higher temperatures or other
environmental factors rarely found outside the alvinellid
zone. This observed association between peltospirids and
alvinellid habitat is consistent with prior collections for
taxonomic studies (e.g., McLean, 1989; Warén and
Bouchet, 1989, 1993), although specimens of Peltospira
and Nodopelta are occasionally found in vestimentiferan
clumps or mussel beds (Van Dover, 2003; Govenar et al.,
2005) and may be exploiting microhabitats there with atyp-
ically high concentrations of vent fluid. In contrast, Pachy-
dermia laevis has been reported consistently from collec-
tions of tubeworms and bivalves as well as alvinellids
(Warén and Bouchet, 1989, 1993), and likely has broader
habitat associations than the peltospirids. Our collections
were not sufficiently partitioned to determine whether any
of our Warm species also occurred with alvinellids. How-
ever, preliminary analyses of colonization experiments in
alvinellid habitat near 9° and 13° N on the East Pacific Rise
indicate that Lepetodrilus elevatus, L. cristatus, and L. pus-
tulosus all occur in association with Alvinellid group spe-
cies (M. Zbinden, F. Pradillon, and F. Gaill, Centre Natio-
nale de la Recherche Scientifique, unpubl. data).

Although many of the gastropod species in our samples
clustered into discrete assemblages, most of the groups were
not exclusive. A few Warm individuals occasionally occurred
on blocks dominated by the Cool group, and vice versa. Fur-
thermore, most of the Warm and Cool species were associated
with more than one macrofaunal zone. Our results are consis-
tent with prior studies from this region reporting that several
Warm species (L. elevatus, Cyathermia naticoides, R. concen-
trica, and L. pustulosus) dominated the gastropod fauna in
vestimentiferan clumps (Govenar et al., 2005), but were also
occasionally found in mussel beds (Van Dover, 2003). Simi-
larly, Cool species (G. spiralis, L. ovalis, Clypeosectus delec-
tus, and E. vitrea) were among the most abundant gastropods

in mussel beds but also, with the exception of Clypeosectus
delectus, occurred occasionally in vestimentiferan clumps. At
least two of the Alvinellid group species (Peltospira opercu-
lata and Pachydermia laevis) have been reported from vesti-
mentiferan clumps (Govenar et al., 2005) or mussel collections
(Van Dover, 2003) at nearby sites. We suspect that species
within an assemblage are functionally similar, in the sense that
they exploit the same resources or are subject to the same
predators. The “anomalous” gastropods may be occupying
microscale (mm to cm) habitats that differ distinctly from the
general surrounding physicochemical environment. A few spe-
cies such as the Warm-group lepetodrilids (L. elevatus, L.
pustulosus, L. cristatus) appear to have very wide habitat
associations, similar to that observed for L. fucensis at Juan de
Fuca vents (Sarrazin and Juniper, 1999).

Segregation of gastropod species has been observed in
the field on scales of a few centimeters. For example,
vertical zonation has been observed within Riftia pachyptila
thickets, in which individuals of Cyathermia naticoides
cluster at the bases of the vestimentiferans and those of L.
elevatus graze higher up the tubes (P. Tyler, pers. obs.).
Neomphalus fretterae has been observed in cracks lining
diffuse flow outlets (Grassle, 1986), as if it requires more
direct exposure to vent fluids or possibly finds a refuge from
predation there.

One possible explanation for environmental partitioning by
species is that each has a preferred habitat and migrates into it.
The individual may be responding to temperature per se, as
shown by the shipboard temperature-gradient experiments in
Bates ez al. (2005), to a chemical species (Luther et al., 2001;
Le Bris et al., 2006), or perhaps to a microbial flora. Intertidal
limpets have been shown to use chemoreception to return to
their home site after foraging and are able to follow mucous
trails of conspecifics (Croll, 1983). Alternatively, a gastropod
may occupy a particular space because it has a refuge from
potential predators or competitors (Micheli et al., 2002; Mul-
lineaux et al., 2003). For example, we know that the vent fish
Thermarces cerberus feeds extensively and possibly selec-
tively on L. elevatus (Sancho et al., 2005); this predation may
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reduce abundances of L. elevatus where it is accessible to the
fish and allow other species, including gastropods, to become
established. We expect that all these factors—physical, chem-
ical and biological—probably affect gastropod species distri-
butions to some extent. Phylogenetic constraints on physiolog-
ical adaptations may restrict the habitats available to certain
gastropod species. Members of the family Peltospiridae are
characteristic of the alvinellid zone and, apart from a single
species (Rhynchopelta concentrica), are not generally found in
cooler areas at 9°N. Lee (2003) found that Depressigyra globu-
lus, a peltospirid, had a higher temperature tolerance than
Lepetodrilus fucensis, a member of the family Lepetodrilidae,
which includes Clypeosectus delectus and G. spiralis as well as
Lepetodrilus species. The three members of the family
Neomphalidae that were included in our study (Cyathermia
naticoides, Neomphalus fretterae, and Pachydermia laevis)
were associated with warmer regions of the vestimentiferan
zone or with alvinellids. Although the Warm lepetodrilid spe-
cies apparently inhabit the alvinellid zone to some degree, our
data suggest that they are more commonly found in the vesti-
mentiferan zone temperature range. The Cool lepetodrilid spe-
cies are typically found at temperatures below 10 °C.

Distinguishing between alternative processes that may in-
fluence the distinct distribution of gastropod species requires
different strategies than those used in the present study. New
techniques for characterizing the physicochemical environ-
ment are making sustained measurements feasible on scales
approaching those of individual gastropods (Le Bris et al.,
2006). Behavioral studies are needed at multiple stages in
species’ life histories, and under controlled conditions (Lee,
2003; Bates et al., 2005). The gastropods themselves appear to
contain a record of their physicochemical environment in the
isotopic and elemental composition of their tissues and shell
(S. Pendlebury, National Oceanography Centre, University of
Southampton, pers. comm.). However, a full understanding of
the role of gastropods in the vent ecosystem, and an answer to
the question of why we find them in discrete assemblages
associated with specific environments, requires that studies be
placed in the context of their interactions with other species in
the community—prey, predators, competitors, and even poten-
tial facilitators.
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