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ABSTRACT: The permanent meiobenthic community associated with aggregations of the tubeworm
Riftia pachyptila was characterized at 2 different hydrothermal vent sites, Tica and Riftia Field, on the
East Pacific Rise near 9° 50’ N. The maximum effluent temperatures were similar at both sites, but the
chemistry of the hydrothermal fluids differed between sites. The abundance of meiobenthos was very
low in 5 out of 6 samples (<61 ind. 10 cm™2) and was higher at Tica (20 to 976 ind. 10 cm2) than at
Riftia Field (<1 to 12 ind. 10 cm2). Meiobenthos abundance was positively correlated with the volume
of sediment within the tubeworm aggregations. Sediment consisted mainly of particulate organic
material and contained only a few mineral grains. A total of 33 meiobenthic species (15 of them new
to science) was identified, comprising nematodes, copepods, ostracods, tanaidaceans, and foramin-
iferans. The meiobenthic fauna contributed a third to the total species richness in the benthic commu-
nity associated with these tubeworm aggregations. There were 19 meiobenthic species shared
between the 2 sites. The majority of meiobenthic species were first-order primary consumers. The
most abundant taxa were nematodes and copepods, and other taxa were rare at both sites. Nema-
todes numerically dominated the community at Tica, while no clear dominance of a higher taxon
could be detected at Riftia Field. Species richness was similar at both sites, whereas Shannon-Wiener
diversity index and Pielou's evenness index were higher at Riftia Field. Due to the differences in the
relative abundance of some species and unique occurrence of others at each site, the meiobenthic
communities from the 2 different sites had an average Bray-Curtis dissimilarity of almost 70 %.
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INTRODUCTION

Since the discovery of the Galdpagos Spreading
Center and the resident fauna in 1977, numerous
hydrothermal vent sites have been explored around
the globe (Van Dover et al. 2002). Even within a single
site, hydrothermal vent habitats are very diverse, rang-
ing from high-temperature chimney habitats to dif-
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fuse-flow areas (Haymon et al. 1991). Macrofaunal
abundance and species richness can depend on vari-
ous factors, including vent fluid chemistry and temper-
ature, biological interactions, food availability, larval
dispersal and recruitment (e.g. Micheli et al. 2002, Sar-
razin et al. 2002, Mullineaux et al. 2003). Furthermore,
the mechanisms that regulate community structure can
vary along a gradient of hydrothermal fluid influence
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(e.g. Shank et al. 1998, Sarrazin et al. 1999, Mullineaux
et al. 2003).

Riftia pachyptila is one of the most prominent en-
demic hydrothermal vent organisms on the East
Pacific Rise (EPR) and, as a result of its symbiosis with
chemoautotrophic bacteria, is effectively a primary
producer (Childress & Fisher 1992). Individuals of R.
pachyptila can form dense aggregations with high bio-
mass in diffuse-flow areas (e.g. Shank et al. 1998,
Govenar et al. 2005). Temperatures around R. pachyp-
tila aggregations generally range from 2 to 33°C and
sulfide concentrations as high as 200 to 300 uM X H,S
(i.e. total concentration of labile species of sulfide) are
commonly reached in these environments (Shank et al.
1998, Le Bris et al. 2006). The macrofaunal communi-
ties associated with aggregations of R. pachyptila at 2
chemically distinct sites on the EPR had densities up to
8200 ind. m~2 tube surface area (Govenar et al. 2005)
and, in addition to megafauna and permanent macro-
fauna, Govenar et al. (2005) included all benthic
juvenile/larval macrofauna (i.e. temporary meiofauna).
The species richness of the macrofaunal communities
was positively correlated with the surface area created
by the tubeworms, and the latter was positively corre-
lated with the total biomass of R. pachyptila. However,
there were no statistically significant differences in
abundance, biomass, species richness, Pielou's even-
ness or Shannon-Wiener diversity indices of the com-
munities associated with R. pachyptila between sites
(Govenar et al. 2005).

Only a few quantitative studies of hydrothermal vent
meiobenthos, animals and protists passing through a
sieve with 1 mm mesh-size and retained on a 63 pm
mesh sieve (Giere 1993), have been conducted. How-
ever, the importance of meiofauna for benthic commu-
nities in general is well-recognized. Meiofauna are
essential for remineralization processes in the food
web, because they have high turnover rates, short gen-
eration times, and can quickly respond to environmen-
tal changes (e.g. Giere 1993). Early studies have pro-
vided insights into meiobenthos at hydrothermal vents
(Dinet et al. 1988, Shirayama 1992, Vanreusel et al.
1997); however, Zekely et al. (2006a) described the first
quantitative meiobenthic community samples from
hard-substrate mussel aggregations. Over 70 species
of the vent-endemic siphonostomatoid copepods have
been described from hydrothermal vents at various
mid-ocean ridge regions (e.g. Humes 1987, Heptner &
Ivanenko 2002, Ivanenko & Defaye 2006), but the
harpacticoid copepods and other taxa, like nematodes
or ostracods, are not as well known. In this study, we
focused on the identification and quantification of the
entire permanent meiobenthic community associated
with the same aggregations of Riftia pachyptila studied
by Govenar et al. (2005). One of the primary objectives

of these coupled studies was to quantify and compare
the abundance and community structure of the com-
plex benthic communities (meiobenthic and macro/
megafaunal) associated with R. pachyptila at 2 chemi-
cally different hydrothermal vent sites.

MATERIALS AND METHODS

Collection sites. During cruises in December 2001
and December 2002, aggregations of Riftia pachyptila
were collected from 2 different hydrothermal vent
sites (Govenar et al. 2005). The sites, Tica (9° 50.447' N,
104°17.493' W) and Riftia Field (9°50.705'N, 104°
17.493' W), are located in the axial summit trough of
the EPR at ~2500 m depth between the Clipperton and
Siqueiros transform faults. The 2 sites are separated by
~500 m and showed distinct chemical and biological
characteristics at the time of sampling (Govenar et al.
2005, Le Bris et al. 2006). Tubeworms grew on hard
substrate, and small amounts of sediment, mainly con-
sisting of particulate organic matter (POM) with a few
grains of basalt and sulfide precipitates, accumulated
among the tubes.

In 2002, the fluid chemistry and maximum tempera-
tures around the sampled Riftia pachyptila aggrega-
tions were measured with the 'ALCHIMIST' (Govenar
et al. 2005, Le Bris et al. 2006). The tubeworm habitat
at Tica (Fig. 1A) was characterized by warm fluids with
maximum temperatures of 18°C, maximum sulfide
concentrations of 176 pM X H,S, and minimum pH
close to neutrality. No iron was detected in the fluid (Le
Bris et al. 2006). The anteriorly located gas-exchange
organs of R. pachyptila (the ‘plumes’) were bright red,
and the tubes were white (Govenar et al. 2005). At
Riftia Field (Fig. 1B), maximum temperatures in the
tubeworm habitat were a little higher (maximum mea-
sured temperature = 23°C), but the maximum sulfide
concentration was only 35 pM X H,S. Minimum pH val-
ues were as low as 5 in the diffuse flow, much lower
than observed at Tica, and substantial concentrations
of dissolved ferrous iron were present at this site (up to
42 nM among the tubeworms) (Le Bris et al. 2006). The
tubeworms exhibited pallid pink plumes, and the
otherwise white tubes were covered in rust. The bio-
mass of tubeworm aggregations was lower at Riftia
Field than at Tica (Govenar et al. 2005).

Sample collections. Four quantitative samples were
collected at each site using DSV ‘Alvin’ and a hydrau-
lically actuated collection net, named ‘Bushmaster Jr.'
(Govenar et al. 2005; present Fig. 1C). Three of the col-
lections from each site were used for the study of asso-
ciated meiofauna reported here. TC1 and TC2 were
collected from Tica in 2001 and correspond to TCla
and TC1b in Govenar et al. (2005), TC3 was collected
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Fig. 1. In situ photograph at (A) Tica and (B) Riftia Field; both
sites are located at ~2500 m depth on the East Pacific Rise
(near 9°50'N). (C) In situ photograph of ‘Bushmaster Jr.’,
sampling device that collected entire meio- and macrofauna
community associated with aggregations of Riftia pachyptila

in 2002 and corresponds to TC2a in that study. Simi-
larly, RF1 and RF2 were collected from Riftia Field in
2001 and correspond to RFla and RF1b in Govenar et

al. (2005), while RF3 was collected in 2002 and corre-
sponds to RF2a in that study. For these quantitative
collections, the Bushmaster Jr. sampling device was
lined with a 63 pm net. The Bushmaster Jr. was care-
fully positioned over an aggregation of tubeworms
<60 cm in diameter and was then tightly closed around
the base of the tubeworms. After sampling, the closed
Bushmaster Jr. was put into a holder, also lined with a
63 pm net, on the basket of the DSV 'Alvin’, with which
it was transported to the surface and recovered on the
deck of the RV "Atlantis’. On board ship, all individuals
of Riftia pachyptila were rinsed with cold filtered-
seawater and then removed from the collection for
further processing. The length and the anterior diame-
ter of every R. pachyptila tube were measured to
obtain the surface area of the tubes in the aggregation
(details in Govenar et al. 2005). Tubes were rinsed and
carefully checked for attached epifauna (including
foraminiferans and sessile ciliates). To extract the
meiofauna community, samples were first passed
through a 1 mm sieve and retained on a 63 pm sieve,
and were then fixed in 4 % buffered formalin for 24 h
and stored in 70% ethanol. A 63 pm sieve was used
because vent meiofauna are generally quite large, and
we have never found vent meiofauna in the size frac-
tion between 31 and 63 pm at the EPR. The sample
area (‘footprint’ of the collected aggregation on the
seafloor) varied between 300 and 1300 cm?. In order to
compare these variable sample sizes and relatively
large samples of meiobenthos with each other and also
with other meiofauna studies, abundance and biomass
were standardized to a 10 cm? sample (‘footprint’) area.
There were no differences among trends after stan-
dardizing the data to either tube surface area or sedi-
ment volume (data not shown).

Quantification of abundance. The samples consist-
ing of animals and sediment were placed in a gradu-
ated container and allowed to settle for 24 h to deter-
mine the sample volume. The quality of the sediment
was visually characterized, and all animals were sepa-
rated and identified to higher taxa under a dissecting
microscope.

All individuals from the RF1 and RF2 samples were
identified to the lowest possible taxon. In the other
samples, at least 300 haphazardly chosen individuals
of both nematodes and copepods were identified to
species. Nematodes were mounted on slides using
glycerine (Higgins & Thiel 1988), and copepods were
mounted on slides using a mixture of lactid acid and
glycerine (1:3). The Nematoda were identified mainly
according to Warwick et al. (1998), and the Copepoda
according to Humes (1987) and Boxshall & Halsey
(2004). Unidentified Foraminifera were sent to
G. Panieri, and Ostracoda to L. S. Kornicker, E. Harri-
son-Nelson, and R. Maddocks for further identification.
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Cumulative species-effort curves for copepods con-
firmed that the level of sampling effort was generally
sufficient to describe the species richness of this group
in the communities (Fig. 2B). No new nematode spe-
cies were found after the first 30 individuals, identified
in 4 of the samples. However, in TC2 and TC3 a single
individual of a new species was detected after identify-
ing 160 and 240 individuals, respectively, indicating
that some very rare species may not have been
detected (Fig. 2A).

Data on juvenile macrofauna (i.e. temporary meio-
fauna) that were in the size range of meiofauna were
excluded from this study on permanent meiobenthos
but were included in a description of the macrobenthos
associated with tubeworms (Govenar et al. 2005).
Planktonic copepods were also excluded from this
study, because this community, albeit closely associ-
ated to the benthic environment, is not part of the
meiobenthos (Giere 1993). Nine individuals of Platy-
helminthes (1 specimen in TC2 and TC3 each, 2 speci-
mens in RF1, 5 specimens in RF2) were found, but
could not be identified due to poor fixation and were
not included in statistical analyses. Folliculinid (phy-
lum Ciliophora) tubes were present in TC2, but were
also omitted from the statistical analyses, because it
was not possible to distinguish between empty and
inhabited tubes after this method of fixation.

A TC1
o TC2
18 s TC3
o RF3

Cumulative number of species
o

0 50 100 150 200 250 300
Cumulative number of identified individuals

Fig. 2. Cumulative species-effort curves for (A) nematodes

and (B) copepods based on cumulative number of species for

samples with >300 nematodes and copepods; TC1, TC2, TC3:
Tica; RF3: Riftia Field

Quantification of biomass. The length and the width
of all identified individuals were measured. The bio-
mass of siphonostomatoid copepods was determined
from the body form and the length, after Heptner &
Ivanenko (2002). The body volume of harpacticoid
copepods was estimated according to McIntyre & War-
wick (1984), using the formula V = L x W? x C, where
V =volume, L =length, W = width and C = conversion
factor, corresponding to body form of Harpacticoida;
C = 400 for pyriform body form. The body volume of
nematodes was calculated using the formula V = (L X
W?)/(1.6 x 10%) according to Andrassy (1956). The test
volume of foraminiferans was determined after Murray
(1973) using a discus shape as an estimate for the
foraminiferan test shape: V = (n/6) x W x L?, and the
volume of foraminiferan biomass was estimated as
35% of the mean test volume according to Altenbach
(1987). The estimated volumes of nematodes, harpacti-
coid copepods, and foraminiferans were then multi-
plied by the estimated specific gravity of 1.13 (for
meiobenthos in general), following Feller & Warwick
(1998) to calculate the biomass (wet weight in mg). The
total biomass of each higher taxon separately and of all
copepods, nematodes, and foraminiferans per sample
was standardized to a 10 cm? sampling area. No bio-
mass calculations were made for ostracods and
tanaidaceans because of their scarce abundance.

Ecological indices and analyses. The trophic status
was assigned by discriminating between deposit-feed-
ing primary consumers, and either parasitic or preda-
tory secondary and tertiary consumers, based on the
mouth structure of copepods following Heptner &
Ivanenko (2002) and the buccal cavity in nematodes
following Wieser (1953).

To describe the meiobenthic community, the species
richness (S), Pielou's evenness index (J'), Shannon-
Wiener diversity index (H'j4.) and estimated species
richness (ESn) were calculated using the PRIMER
Version 5 package (Plymouth Marine Laboratory;
Clarke & Gorley 2001). Student's t-tests were used to
evaluate differences in abundance (square-root trans-
formed), species richness (square-root transformed),
biomass (In transformed), sediment volume (In trans-
formed), tube surface area (In transformed) and rela-
tive abundance (arcsine transformed), between Tica
and Riftia Field. For Student's t-tests, data were trans-
formed to fit a normal distribution. Because of the rela-
tively low number of samples and high variances, we
also tested for significant differences between sites for
each parameter using bootstrapping (1000 resam-
plings each, 2-sided test, routine 'FTBOOT" from the
package ‘computerintensive statistics’ by Nemeschkal
1999). Significance levels were Bonferroni-corrected
(p = o/n; a = 0.05), and significance of correlations
among abundance, sediment volume, and tube surface
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area were identified using Pearson's r (F-value and
t-value calculations done using STATISTICA). To com-
pare the community composition of samples within
and between sites, dendrograms using PRIMER Ver-
sion 5 were constructed from Bray-Curtis similarity
values (Bray & Curtis 1975). Abundances of species
were standardized and then square-root transformed
to down-weight the importance of very abundant
species without losing the influence of the rarer spe-
cies (Clarke & Gorley 2001). Similarity percentage
(SIMPER) analysis was used to determine which spe-
cies were responsible for similarities within a site and
dissimilarities between sites. Analysis of similarity
(ANOSIM) was then used to evaluate differences in
community structure between sites (Clarke & Gorley
2001).

RESULTS
Accumulated sediment and tube surface area

Sediment in all samples consisted mainly of particu-
late organic matter (POM), with only a few grains of
basalt, sulfide precipitates, coccoliths, and shells of
pelagic foraminiferans. Larger organic particles, such
as tubeworm plume remains and small pieces of tubes,
mollusc gill filaments, eggs, as well as mucus and
unidentifiable degraded organic material, were pre-
sent. Overall, very little sediment had accumulated
between tubeworms. Sediment volume ranged from
1.5 to 5.5 ml 10 cm™2 at Tica and from 0.3 to 1.1 ml
10 cm™2 at Riftia Field (Table 1). Although sediment
volume and the tube surface area of Riftia pachyptila

was higher in all samples from Tica than those from
Riftia Field (Table 1), these differences were not statis-
tically discernible (Table 2). Sediment volume and
tube surface area were positively correlated at both
sites (r = 0.88, p = 0.03).

Abundance

The meiobenthos contributed between 0.9 and 15 %
to the total abundance of the benthic communities
associated with Riftia pachyptila, except in sample
TC2, where the meiobenthos comprised 71% of the
total abundance. Numbers of permanent meiobenthos
ranged from 60 to 29279 ind. sample™! and was posi-
tively correlated with the volume of sediment (r = 0.99,
p < 0.001) and tube surface area (r = 0.89, p = 0.018) in
the samples. The abundances standardized to an area
of 10 cm? also ranged considerably among samples.
The minimum abundance at Tica (20 ind. 10 cm™2) was
higher than the maximum abundance at Riftia Field
(12 ind. 10 cm™2) (Table 1), but the difference between
sites was not discernible statistically (Table 2).
Nematodes, copepods, foraminiferans, ostracods, and
platyhelminthes were present at both sites, but tanai-
daceans were collected only at Riftia Field and folli-
culinid ciliates were only found at Tica. The differ-
ences in the abundances of the 2 most prevalent taxa,
nematodes and copepods, were also not statistically
discernible between Riftia Field and Tica (Table 2),
although nematodes clearly dominated the Tica com-
munities and were more abundant in every collection
from Tica (16 to 946 ind. 10 cm™2) than in any from
Riftia Field (<1 to 7 ind. 10 cm™?) (Table 1). The abun-

Table 1. Characteristics of 3 samples from each site, showing sample area, tube surface area of Riftia pachyptila, and sediment
volume, for each aggregation, and abundance and biomass for higher taxa, together with total values and values 10 cm=?; TC1,
TC2, TC3: Tica; RF1, RF2, RF3: Riftia Field

TC1
Total 10 cm™

TC2
Total 10 cm™

Parameter

Environmental characteristics

Sample area (cm?) 600 300

Tube surface area (cm?) 52300 872 65500 2183

Sediment (ml) 88 1.47 165 5.5
Abundance (no. individuals)

Nematoda 951 15.85 28369 945.63

Copepoda 217 3.62 807 26.90

Foraminifera 51 0.85 99 3.30

Ostracoda 0 0 4 0.13

Tanaidacea 0 0 0 0

Total abundance 1219 20.32 29279 975.97
Biomass (mg wet wt)

Nematoda 0.129 0.002 4.913 0.164

Copepoda 19.319 0.322 86.501 2.883

Total biomass 19.448 0.324 91.414 3.047

TC3 RF1 RF2 RF3
Total 10 cm™ Total 10 cm™ Total 10 cm™ Total 10 cm™
700 1300 600 800
38000 543 9600 74 18300 305 26600 333
133 1.9 40 0.31 37 0.62 85 1.06
3237 46.24 20 0.15 11 0.18 573 7.16
983 14.04 25 0.19 48 0.80 342 4.27

21 0.30 20 0.15 1 0.02 48 0.60
1 0.01 0 0 0 0 15 0.19
0 0 0 0 0 0 3 0.04
4242 60.59 65 0.50 60 1.00 981 12.26
0.406 0.006 0.004 0.001 0.001 0.001 0.079 0.001
95.756 1.368 2.525 0.019 4.783 0.080 33.436 0.418
96.162 1.374 2.529 0.019 4,78 0.080 33.515 0.419
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Table 2. Results of Student's t-test (t,4t) and bootstrapping (bt, 1000 resamplings each, 2-sided test) used to test for significant dif-

ferences in environmental and community characteristics between sites. All calculations were made for values 10 cm2 and addi-

tionally for relative abundance and species richness of higher taxa. Shannon-Wiener diversity indices (H',,qe) Were tested by
bootstrapping. All results are classical Bonferroni-corrected (Bonf. corr.); sig = significant; ns = not significant

tyas (2.776) p (t-test) Bonf. corr. (t-test) p (bt) Bonf. corr. (bt)

Sediment (10 cm™2) 2.68 0.06 ns 0.016 ns
Tube surface area (10 cm™?) 2.58 0.06 ns 0.014 ns
Abundance

Total (10 cm™?) 1.52 0.21 ns 0.032 ns

Nematoda (10 cm™2) 1.49 0.21 ns 0.008 ns

Copepoda (10 cm™2) 2.32 0.08 ns 0.026 ns
Relative abundance

Nematoda (%) 3.30 0.03 ns 0.764 ns

Copepoda (%) -2.36 0.07 ns <0.0027 sig
Biomass (10 cm™2) 2.30 0.08 ns 0.018 ns
Species richness

Total 0.34 0.75 ns 0.692 ns

Nematoda 1.91 0.13 ns 0.038 ns

Copepoda 0.56 0.60 ns 0.484 ns
H’loge

Total <0.0027 sig

Nematoda 0.826 ns

Copepoda 0.876 ns

dance of copepods ranged from 4 to 27 ind. 10 cm™2 at
Tica and from <1 to 4 ind. 10 cm™2 at Riftia Field. The
abundance of foraminiferans, ostracods and tanaida-
ceans was always <1 ind. 10 cm™2, except in TC2 where
3 foraminiferans 10 cm™ were present (Table 1). At
Tica, nematodes dominated with a relative abundance
of 84 + 11 %, followed by copepods with 15 + 11%. In
contrast, at Riftia Field copepods reached 51 + 25%,
nematodes accounted for 36 + 21 %, and foraminife-
rans had variable relative abundances of 12 + 16 %.
The relative abundance of copepods, but not the abun-
dance of nematodes and foraminiferans, was stat-
istically significantly different between the 2 sites
(Table 2).

Biomass

Meiobenthic biomass made up less than 0.0001 % of
the total community biomass at both sites (for macro-
benthic biomass see Govenar et al. 2005). There was
no statistically detectable difference in the total
meiobenthic biomass between Tica and Riftia Field
(Table 2). The meiobenthic biomasses ranged from 0.3
to 3 mg wet wt 10 cm™2 in Tica samples and from 0.02
to 0.4 mg 10 cm™2 at Riftia Field. Dirivultid copepods
with body lengths of <2 mm made up the majority of
biomass at both sites. Nematode biomass was low in all
samples except TC2, which contained a relatively
large number of nematodes with a biomass of 0.16 mg

wet wt 10 cm™2. Foraminiferans never exceeded a
biomass of 0.001 mg wet wt 10 cm™? due to their low
abundances (Table 1).

Diversity indices

A total of 33 meiobenthic species was identified from
the 6 sampled tubeworm aggregations. The lowest and
highest species richness (9 and 25 species) were found
at Riftia Field (RF2 and RF3, respectively), whereas the
species richness varied from 11 to 20 species at Tica
(Table 3). The 2 sites shared 19 species. Five species
were exclusively found at Tica (2 nematodes, 3 cope-
pods) and 9 species were collected only at Riftia Field
(1 nematode, 4 copepods, 1 foraminiferan, 2 ostracods,
and 1 tanaidacean). Pielou's evenness index was vari-
able within and between sites, ranging from 0.15 (TC2)
to 0.87 (RF1), and was always higher at Riftia Field
than at Tica (Table 3). Overall, the Shannon-Wiener
diversity indices of the entire meiobenthic community
were low at both sites (H'joge 0.44 to 2.00). The Shan-
non-Wiener diversity index was, however, statistically
significantly higher at Riftia Field than at Tica (p <
0.0027, Table 2). The trophic diversity of the meio-
benthos community was also low at both sites. Primary
consumers dominated in all samples (Tica, 87 to 100 %;
Riftia Field, 83 to 100 %). All species belonged to first-
order primary consumers, except for 3 parasitic cope-
pod species in the genus Ceuthocetes.
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Table 3. Species richness (S), Pielou's evenness index (J') and
Shannon-Wiener diversity index (H'jg.) for total meioben-
thos, Nematoda, and Copepoda calculated for all 6 samples
and estimated species richness (ESn) is shown for total
meiobenthos. TC1, TC2, TC3: Tica; RF1, RF2, RF3: Riftia Field

Parameter TC1 TC2 TC3 RF1 RF2 RF3
Total meiobenthos
S 11 17 20 10 9 25
J' 0.47 0.15 045 0.87 0.82 0.54
H'\oge 1.12 0.44 1.35 2 1.79 1.75
ES(100) 7.57 492 11.12 10 9 14.25
Nematoda
S 3 3 4 2 1 3
J' 0.41 0.24 0.34 0.97 1 0.31
H'joge 0.45 0.27 047 0.67 0 0.35
Copepoda
S 7 11 14 6 7 14
J' 0.67 0.6 085 085 0.79 0.75
H'joge 1.30 144 226 1.53 1.53 1.99

The species richness of the nematode community
was also low, with only 1 species found in RF2 and the
maximum (4 species) found in TC3. The copepod
species richness was higher and ranged from 6 to 14.
Neither the species richness nor the Shannon-Wiener
diversity indices of nematodes or copepods were sig-
nificantly different between sites (Table 2).

Relative abundance of species

All identified meiobenthic species and their relative
abundances are listed in Table 4. A total of only 5
nematode species and 15 copepod species belonging
to the vent endemic family of Dirivultidae (order Si-
phonostomatoida) were present. Five harpacticoid
species were also identified, but these were present in
relatively low numbers. In addition, 4 ostracod species,
1 tanaidacean and 3 foraminiferan species were identi-
fied, but all of them except the foraminiferan Abys-
sotherma pacifica were rare at both sites; 45% of the
total meiobenthic species (15 of 33) had not yet been
formally described at the time of collection. The follow-
ing species correspond with those listed in Zekely et al.
(2006a): Chromadorita sp. 1; Halomonhystera hickeyi
(described in Zekely et al. 2006b, corresponds to Mon-
hysteridae sp. 1 in Zekely et al. 2006a); Thalassomon-
hystera fisheri (described in Zekely et al. 2006b, corre-
sponds to Thalassomonhystera sp. 1 in Zekely et al.
2006a); and Halectinosoma sp. 1. The nematodes
Halomonhystera sp. 1 and Daptonema sp. 1, 2
harpacticoid copepod species (Harpacticoida sp. 1 and
sp. 2), 2 foraminiferan species (Deuterammina sp. 1,
Foraminifera sp. 1), 4 ostracod species (Polycopetta
pax, Thomontocypris brightae, Thomontocypris goll-

nerae and Xylocythere vanharteni: see Desbruyeres et
al. 2006) and 1 tanaidacean species were found for the
first time.

At Tica, the meiobenthic community was dominated
by the nematode Thalassomonhystera fisheri, which
accounted for 64 to 91 % of the relative abundance of
meiobenthos at this site. The species with next highest
relative abundance at Tica was the nematode
Halomonhystera sp. 1 (3 to 12%), a species not present
at Riftia Field. No other species accounted for more
than 5% of the total abundance in any collection from
Tica. A more even distribution of abundance among
species was found at Riftia Field, where no single spe-
cies or taxonomic group was dominant in all samples.
At RF1, the most abundant species was the foramini-
feran Abyssotherma pacifica (28 % of the meiobenthic
abundance), while at RF2, the copepod Benthoxynus
tumidiseta, a species not present in RF1 and RF3, was
most abundant (25%), and at RF3, the nematode
Halomonhystera hickeyi was the dominant species
(52 %) (Table 4).

Community patterns

The dendrogram (based on Bray-Curtis community
similarity) grouped the meiobenthic community sam-
ples by site (Fig. 3). The nematode species Thalas-
somonhystera fisheri contributed on average 36.3 % to
the 66.3 % similarity among the 3 samples from Tica
(SIMPER). Compared to Tica, Riftia Field samples had
a lower average similarity of 48.8%. The nematode
Halomonhystera hickeyi and the copepod Scotocetes
introrsus contributed 13.2 and 11.7 %, respectively, to
the similarity among the 3 Riftia Field samples. SIM-
PER analysis revealed an overall similarity of only
31.5% between the 2 sites. ANOSIM did not detect
statistically significant differences in the community
structure between the 2 sites, perhaps because of the
relatively low number of samples (global R=1; p =0.1,
number of permutations 10).

DISCUSSION

Meiobenthos associated with aggregations of the
tubeworm Riftia pachyptila on the EPR near 9°50'N
can be characterized as a relatively species poor,
epibenthic hard-substrate community of a few protist
and metazoan taxa, represented by both vent endemic
and generalist species, occurring in low abundance
and biomass. The maximum sizes of many of the spe-
cies are impressively large for meiobenthos, with
nematodes reaching 900 ym in length and copepods as
long as 2 mm. The general picture of vent meiobenthos
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Table 4. Relative abundance of meiobenthic species. Copepodites: all stages of
copepodites were found, but identification to species level was not possible;
Platyhelminthes and folliculinid ciliates (Ciliophora): these were found but are

EPR and the Mid-Atlantic Ridge
(Zekely et al. 2006a), as well as sedi-
mented vent communities at the

not included in statistical analysis because identification to speciel level was not

possible due to method of fixation for the former, and no distinction between live
protists and empty tubes was possible for the latter. p: present; a: absent. TC1,
TC2, TC3: Tica; RF1, RF2, RF3: Riftia Field. Relative abundances >10% are

Guayamas Basin (Dinet et al. 1988).
However, the low abundance of vent
meiobenthos stands in clear contrast to

marked in bold the abundances of meiobenthos from
most other marine habitats. Marine
Taxon TC1 TC2 TC3 RF1  RF2  RF3 sands are typically inhabited by inter-
Nematoda stitial mglobenthos {aznglng fr.orn. 1000
Chromadorita sp. 1 0 0 03 0 0 0 to 2000 ind. 10 cm™ (see Higgins &
Halomonhystera sp. 1 6.0 3.0 11.7 0 0 0 Thiel 1988, Giere 1993), and the abun-
Halomonhystera hickeyi 3.5 2.7 0.3 12.3 18.3 52.3 dances of epibenthic communities on
ghaltassomonhyitera fisheri 6!(3).5 9%).1 61(1).1 1&(3).5 g gg hard substrates normally exceed
aptonema sp. . . .
P P 100 ind. 10 cm™? (Danovaro & Fraschetti
Copepoda 2002, Atilla et al. 2003). At deep-sea
Aphotopontius acanthinus 0.1 0 2.3 0 0 0 ' ' ' )
Aphotopontius flexispina 0 0 0.1 0 0 0 cold seeps, abundances are consis-
Aphotopontius hydronauticus 0.2 0 2.0 1.5 0 1.3 tently >100 ind. 10 cm™2 and can reach
Aphotopontius mammilatus 0 0.01 2.0 0 0 0.4 100 times this density (Palmer et al.
Aphotoponn.us probolus 0.3 0 1.5 3.1 0 0.4 1988, Olu et al. 1997). Only in deep-sea
Aphotopontius rapunculus 0.1 0 0.6 0 0 0 1 d 1 bund
Bathylaophonte pacifica® 0 0.01 0 0 3.3 0 clays and oozes are low abundances
Benthoxynus tumidiseta 0 04 03 0 25.0 0 similar to vents reported. However,
Ceuthocetes acanthotrix 3.6 0.1 3.0 0 0 1.3 these are considered the exception
geuiﬁoceies ‘?htger ig 06015 gg 8 137 1; rather than the rule, since densities of
euthocetes introversus . . . . . . 9
Halectinosoma sp. 1° 0 01 04 15 0 0 between 100 and @000 ind. 10 cm™ are
Harpacticoida sp. 1° 0 0 0 0 0 0.2 much more typical (see Soltwedel
Harpacticoida sp. 2* 0 0 0 0 3.3 0.4 2000).
Scotqcetes .IIIItI'OI'SLlS 0 1.5 0.3 16.9 10.0 10.9 Hydrothermal Ventsv in generall ap-
Stygiopontius flexus 0 01 03 62 1.7 26 pear to harbor relatively few higher
Stygiopontius hispidulus 0 0.03 0 0 0 1.9 ¢ iof ] 1 d
Stygiopontius mucroniferus 0 0 0 0 0 0.2 taxa of meiofauna: only nemé.ito s,
Stygiopontius stabilitus 0 0 0 0 0 0.2 copepods, ostracods, platyhelminthes,
Xylora bathyalis?® 0 0.2 0.2 7.7 1.7 4.7 mites, tanaidaceans, ciliophorans, and
Copepodites 4.6 0.3 4.3 1.5 18.3 7.3 foraminiferans have been reported
Formaminifera from vents (Dinet et al. 1988, Shirayama
Abyssotherma pacifica 4.2 0.3 0.5 27.7 1.7 4.1
Deuterammina sp. 1 0 004 0 31 0 0.7 1992, Zekely et al. 2006a). Nematodes
Foraminifera sp. 1 0 0 0 0 0 0.1 and siphonostomatoid copepods domi-
Ostracoda nate the vent meiofauna communities
Polycopetta pax 0 0 0 0 0 0.1 on the EPR, while all other taxa are rare
Thomontocypris brightae 0 0 0.02 0 0 0.8 (Zekely et al. 2006a). This stands in con-
Thomontocypris gollnerae 0 0 0 0 0 0.2 trast to many shallow-water sediments,
Xylocythere vanharteni 0 0.01 0 0 0 0.4 A
] where nematodes, harpacticoid cope-
Tanalda}cea pods, and platyhelminthes dominate
Tanaidacea sp. 1 0 0 0 0 0 0.3 . .
Platyhelminthes a p p p P a the meiofauna (Giere 1993). Numerous
Ciliophora a p a a a a other meiobenthic taxa including for
*Harpacticoid copepods example hydroids, gnathostomulids,
nemerteans, gastrotrichs, loriciferans,

emerging from the few studies conducted in other vent
habitats mirrors the community structure that we
found among tubeworm aggregations at the EPR
(Dinet et al. 1988, Shirayama 1992, Vanreusel et al.
1997, Tsurumi et al. 2003, Zekely et al. 2006a).
Abundances well below 100 ind. 10 cm™2 are com-
mon for hard-substrate vent communities, such as
those dominated by either tubeworms or mussels at the

and tardigrades are commonly found in
other shallow-water and deep-sea habitats (Giere
1993), but have not yet been reported from hydrother-
mal vents.

The epibenthic hard-substrate meiobenthic commu-
nity associated with Riftia pachyptila dwells in a struc-
turally diverse habitat. At our EPR study sites, tube-
worms grow in dense aggregations of up to thousands
of individuals m™2 on hard substrate and individual
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Fig. 3. Hierachical cluster diagram of group-average linking,
based on Bray-Curtis community similarity values from the
6 samples; TC1, TC2, TC3: Tica; RF1, RF2, RF3: Riftia Field

R. pachyptila tubes can reach more than 2 m in length.
Such clumps of tubeworms create a 3-dimensional
habitat and extensive tube surface areas 10 to 200
times larger than the area of the rock substrate where
they occur (Govenar et al. 2005). Whether the
meiobenthic organisms live on the basalt, on the tubes,
and/or in the sediment remains to be resolved. In situ
observations of such small animals in this habitat are
very difficult to obtain, and observations of live ani-
mals in retrieved samples may not reflect in situ behav-
ior. We have seen copepods crawling on R. pachyptila
tubes as well as on sediment, and nematodes were
found in little sediment clumps but were also observed
to crawl on the surface of basalt. Both tube surface area
and the sediment volume accumulating within these
aggregations are correlated with the abundance of
associated meiobenthos (and with each other). This
suggests that either tube surface area or sediment vol-
ume (or both) is important to the meiobenthos commu-
nity. As tubeworms grow in size and their number
increases, sediment accumulates within the aggrega-
tion and the abundance of meiobenthos increases. A
similar situation was found with a shallow-water hard-
substrate nematode community, in which colonization
was related to the amount of sediment trapped by algal
growth on a rocky surface (Danovaro & Fraschetti
2002).

The low abundance and biomass of meiobenthos in
the majority of our samples were surprising, because
the high levels of POM apparently support high
abundances of detrivorous macrofaunal species co-
occurring in tubeworm aggregations (e.g. Tunnicliffe
1991, Sarrazin et al. 1999, Colaco et al. 2002, Tsurumi
& Tunnicliffe 2003), including the aggregations that we
studied (Govenar et al. 2005). The low meiobenthic
abundance is difficult to explain. In vent habitats, high
quantities of low-quality POM available for deposit
feeders and predation of meiofauna by the highly

abundant macrofauna might contribute to bottom-up
as well as top-down regulation (e.g. Olafsson & Moore
1990, Fabiano & Danovaro 1999, Levesque & Juniper
2002, Micheli et al. 2002, Olafsson 2003, Levesque et
al. 2005).

The majority of species in the meiobenthic commu-
nity associated with tubeworm aggregations on the
EPR belong to the vent endemic family Dirivultidae.
Siphonostomatoid copepods (to which the dirvultids
belong) dominate the copepod communities at vents
studied so far (Tsurumi et al. 2003, Gollner et al. 2006,
Zekely et al. 2006a), although a higher diversity of
copepods was found in areas with little or no
detectable hydrothermal fluid on the Juan de Fuca
Ridge (Tsurumi et al. 2003). The low number and
diversity of nematode genera among the tubeworm
aggregations in this study stands in contrast to the
nematode communities associated with mussel aggre-
gations at other vent sites (9 genera, 11°N EPR; 7 gen-
era, 23°N Mid-Atlantic Ridge, Zekely et al. 2006g;
15 genera, Iheya Ridge, Shirayama 1992; 31 genera,
North Fiji Basin, Vanreusel et al. 1997). Furthermore,
the nematode species richness is the lowest ever
recorded from hydrothermal vents and, to our knowl-
edge, the lowest ever recorded in a marine habitat
(e.g. Higgins & Thiel 1988, Giere 1993). Whether or not
these species are restricted to environments typified by
chemosynthetic primary production, or are also found
in non-chemosynthetic influenced habitats remains
to be tested.

Meiobenthos in tubeworm aggregations are exposed
to fluctuating physical and chemical conditions. Most
of the vent meiobenthos is mobile and potentially
capable of avoiding unfavorable conditions within this
heterogeneous habitat. Nevertheless, they may also
have to tolerate a certain degree of exposure to
hypoxic conditions and to toxic sulfide and acidic pH.
The 2 discrete sites of low-temperature hydrothermal
activity, Tica and Riftia Field, were characterized by
similar moderate temperatures with maxima of 18°C at
Tica and 23°C at Riftia Field, but exhibited differences
in pH and levels of £ H,S and Fe?* when surveyed in
2002 (Le Bris et al. 2006). Thus, at least by December
2002, meiobenthos at Tica was probably exposed to
higher concentrations of sulfide (176 pM X H,S) and
neutral pH, while at Riftia Field sulfide concentrations
were more moderate (up to 35 uM X H,S), and the pH
was more acidic. This low pH favors the molecular H,S
form over HS", enhancing the capacity for sulfide to
diffuse across biological membranes (Visman 1991).

At first glance, the meiobenthic communities at Tica
and Riftia Field appear similar despite the very differ-
ent chemical characteristics of the 2 sites. The total
species richness of Tica (24 species) and Riftia Field
(28 species) is similar, and there were no statistically
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detectable differences in either the abundance or bio-
mass of the total meiobenthic community. Moreover,
the majority of specimens at both sites were either
copepods or nematodes. ANOSIM did not detect statis-
tically significant differences between sites, but the
global R (R = 1) suggests that there are some differ-
ences between the communities at Tica and Riftia
Field. The differences between the meiobenthic com-
munities were evident in the Pielou's evenness index
and Shannon-Wiener species diversity index, which
were statistically significantly higher at Riftia Field
(H'oge 1.75 10 2.0) than at Tica (H'joge 0.44 to 1.35). The
distribution of abundance among species or in the
dominant species may have contributed to the >70%
dissimilarity between sites. The statistical differences
in the meiobenthic communities between these 2 sites
may be because of shifts in the relative abundance of
some species, as well as unique occurrences of some
species. Although conclusions from these patterns can
only be drawn with upmost caution, due to the limited
number of samples, the dominance of nematodes and
the lower species diversity at Tica may be due to differ-
ences in chemical characteristics between the 2 sites.

Meiobenthos associated with tubeworm aggrega-
tions on the EPR is relatively species-poor and of rela-
tively low abundance, but the present description con-
tributes considerably to our knowledge of biodiversity
at hydrothermal vents. The community associated with
tubeworms includes 24 meiofauna and 34 macrofauna
species at Tica and 28 meiofauna species and 33
macrofauna species at Riftia Field. Altogether, a total
of 79 species were found associated with tubeworms at
the 2 sites, 46 macrofauna and 33 meiofauna species
(Govenar et al. 2005). Thus, 41 % of the total species
richness is meiobenthos. Interestingly, some of the dif-
ferences in the meiobenthic community structure
between the high-sulfide Tica site and the low-sulfide
Riftia Field site were not detectable in the marcrofauna
community in the same samples. In this larger size
fraction, none of the univariate measures of community
structure (S, J', H'joge, abundance, biomass) were sig-
nificantly different between sites. This is also sup-
ported by the dendrograms (Bray-Curtis similarity), in
which the macrofaunal communities have a similarity
of about 70% (Govenar et al. 2005) whereas the
meiobenthic communities from the 2 different sites
only show a similarity of about 35%. Understanding
the basis of these apparently different responses to
differences in the vent environment must await further
study.
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