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1.  INTRODUCTION 

For most marine benthic species, dispersal takes 
place during a planktonic larval stage. Larval disper-
sal between habitat patches influences many im -
portant processes at the population and community 
level. These include regional persistence of popula-
tions and local and regional population dynamics 
(Cowen & Sponaugle 2009) as well as community 
assembly (cf. Weiher et al. 2011). However, the ex -
tent to which marine communities are open to larval 
supply and colonization from distant sources (ecolog-
ical connectivity) and how this varies between sites 

remain important questions (Levin 2006). In patchy 
marine habitats it can be useful to consider commu-
nities within a metacommunity framework (cf. Lei-
bold & Miller 2004) because the extent of connectiv-
ity between patches will influence the resilience of 
the metacommunity to disturbance. 

The study of exchange of individuals in marine sys-
tems is challenging and often implemented using a 
population genetics approach focused on individual 
species (Lowe & Allendorf 2010). However, character-
ising genetic connectivity of individual species typi-
cally provides insights on long (multi-generational) 
time scales and may reveal little about the overall 
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connectivity of a community. Some attempts have 
been made to infer connectivity patterns at the com-
munity level by characterising the variation in popu-
lation genetic structure across many co-distributed 
species (Selkoe et al. 2014). Although such approaches 
can provide important information for designing ef -
fective marine protected areas (White et al. 2010), 
they do not provide information on the relative 
importance of larval dispersal and environmental 
limitations on colonization as determinants of com-
munity assembly. 

Deep-sea hydrothermal vents fit very well the 
ephemeral-patch metacommunity archetype de scribed 
by Leibold et al. (2004); they comprise assemblages 
occupying temporary habitat patches that vary in po-
sition with time and are distinct from the background 
habitat matrix. Of the 4 paradigms those authors used 
to study metacommunities, we adopt the species-sort-
ing framework. Under this paradigm we can charac-
terise larval dispersal between habitat patches in 
terms of the extent to which the species composition 
of plankton at the target site is similar to benthos at 
other sites in the region. The strength of species sort-
ing in each habitat patch is measured by the differen-
tiation in species composition between plankton and 
the resident benthos. The species composition of ben-
thos in each site is maintained by larval dispersal from 
other sites and the strength of species sorting, which 
in combination can lead to differences in the species 
composition of benthic communities and, therefore, 
the strength of ecological connectivity (hereafter re-
ferred to as connectivity). 

Understanding these processes is important for 
deep-sea hydrothermal vents, which are naturally 
disturbed, patchy habitats that support abundant 
faunal communities (Corliss et al. 1979) and may be 
impacted by deep sea mining in the future (Miller et 
al. 2018). Evidence from larval physiology and be -
haviour (Yahagi et al. 2017) and genetics (Teixeira et 
al. 2012) indicates a potential for long-distance dis-
persal and high connectivity between vent communi-
ties. Long-distance dispersal events are important for 
the colonisation of disturbed vent sites (Mullineaux 
et al. 2010), but larval dispersal can be restricted by 
currents and topographic barriers (Watanabe et al. 
2005, Xu et al. 2018). These processes can lead to lar-
val retention near their natal site even if the species 
has a long planktonic larval duration (Breusing et al. 
2016). Larval behaviour can also act to increase lar-
val retention near natal vents, especially in situations 
where larvae move vertically in sheared currents 
near the seafloor (Mullineaux et al. 2013). However, 
the inaccessibility of vent sites means that direct evi-

dence of self-recruitment, for example through larval 
tagging as used in coastal systems (Jones et al. 2005), 
is not available. 

The extent of connectivity between marine com-
munities is difficult to quantify, but the more-con-
strained question of whether a community is largely 
self-recruiting or ‘closed’ is often simpler to address 
(Jones et al. 2005). The aim of this study is to explore 
whether samples routinely collected from hydrother-
mal vents (larvae, recently settled juveniles, and 
small adults) can be used to estimate the extent of 
exchange between communities and determine rela-
tive roles of larval dispersal and environmental lim-
itations to colonization. We propose a conceptual 
framework that uses the similarity in species compo-
sition between larvae in the plankton and adults in 
the benthos at a vent site to assess the relative roles 
of larval transport (whose geographic extent is set by 
current-mediated larval transport) and species sort-
ing on community composition (Fig. 1). In this frame-
work, the larval/adult comparisons are most informa-
tive when nearby vent fields are dissimilar in species 
composition to the target vent and become compli-
cated when communities have been disturbed re -
cently. Our general aim of assessing connectivity is 
like that of many vent population genetics studies 
(reviewed in Vrijenhoek 2010), but we investigate 
connectivity at the community level and make a 
direct connection between connectivity and commu-
nity assembly processes by documenting the geo-
graphic extent of the larval transport. Finally, by 
comparing the larval supply to the local community, 
we investigate the process of species sorting that ulti-
mately determines which species are present in the 
benthos. 

We focus on 3 Pacific vent regions that differ in 
their geological and oceanographic setting, and 
hence their expected larval dispersal: Pescadero 
Basin, northern East Pacific Rise (EPR), and southern 
Mariana Trough. For a target vent field in each of 
these regions, we locate nearby vent fields and iden-
tify the closest one that hosts a distinctly different 
benthic fauna, based on published species distribu-
tions. This information is used to predict the geo-
graphic extent of the larval pool and whether it is 
likely to contain species that are dissimilar to the 
local benthos. A comparison of species composition 
of the benthos and plankton at each vent field allows 
for a test of the relative importance of larval supply 
and species sorting in driving community assembly 
in deep thermal vents. The broader goals of this 
study are to contribute new data on occurrence of 
vent adults and larvae to global databases and to 
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develop conceptual approaches that extract informa-
tion on dynamic processes such as dispersal and con-
nectivity from observations that will become increas-
ingly available as part of ocean observing initiatives 
(Levin et al. 2019). 

2.  MATERIALS AND METHODS 

2.1.  Study areas 

This study uses existing samples that were col-
lected for other purposes from 3 regions in the 
Pacific. The vent fields included in this study are 
Auka in the Pescadero Basin, 9° 50’ N in the northern 
EPR, and Snail and Pika in the southern Mariana 
Trough (Fig. 2) as listed in the InterRidge vents data-
base (Beaulieu & Szafrański 2020). Snail and Pika are 
separated by less than 5 km and for the purposes of 
this study are considered as a single southern Mari-
ana Trough vent field. Hereafter the study sites are 
referred to as Pescadero Basin, EPR and Mariana 

Trough, respectively. Samples were collected from a 
number of vents within each field (Table 1); a vent 
incorporates the area surrounding active venting, 
usually on the scale of tens of meters. Vent sampling 
sites at Pescadero Basin were separated by less than 
1 km, at the EPR by less than 2 km and in the Mari-
ana Trough by less than 5 km. Larval exchange at 
this intra-field scale was not addressed in this study, 
but sampling over multiple vents and vent habitat 
types was needed to cover the full range of habitat 
and faunal diversity. At all vent fields, the sample 
dates for plankton and benthos were matched as 
closely as possible. 

The vent fields differ in their geological setting, 
which influences their proximity to, and potential 
connectivity with, other vent fields. The Pescadero 
Basin is a heavily sedimented spreading centre in the 
Gulf of California with unusual vent chemistry (Pad-
uan et al. 2018) and a modelled spreading at a rate 
of 5 cm yr−1 (DeMets et al. 2010). The nearest vent 
field with known community composition is located 
on the Alarcón Rise, approximately 75 km away 
(Beaulieu & Szafrański 2020). Vent communities at 
Alarcón Rise differ in species composition from those 
in the Pescadero Basin (Goffredi et al. 2017). Other 
vent fields, not yet listed in the InterRidge database, 
have been discovered in the Pescadero Basin (Gof-
fredi et al. 2021), but their faunal communities have 
not yet been fully described, so we consider Pes -
cadero Basin as comprising one vent field (Auka). 
Pescadero Basin vents are roughly 1300 m deeper 
than those on the Alarcón Rise (Beaulieu & Sza -
frański 2020). Based on geographic distance and 
topographic discontinuity, we expect that larval 
exchange with Alarcón Rise vent fields to be lower 
for the Pescadero Basin (Fig. 1a) than for the other 
fields in our study. 

The EPR near 9° 50’ N is a rapidly spreading mid-
ocean ridge (10 cm yr−1) with vent field spacing as 
close as 3.3 km (Baker et al. 2016). Biophysical models 
incorporating hydrodynamics, pelagic larval dura-
tion, and vent field spacing have demonstrated the 
potential for both larval transport and recruitment 
along the ridge (Xu et al. 2018). Faunal communities 
across the northern EPR from 9°  to 13° N tend to 
share similar species composition (Desbruyères et al. 
2006), and the vents are similar in chemical charac-
teristics. The nearest vent field known to host sub-
stantially different species is Medusa, 77 km away 
(Klein et al. 2013). For established communities in the 
9° 50’ N vent field, larval and ecological connectivity 
with other vent fields is expected to be relatively 
high (Fig. 1c) but perhaps not easily distinguished 
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Fig. 1. Connectivity in a vent meta-community. Shape repre-
sents species composition of benthos (at seafloor) and larvae 
(in plankton) at target and nearby vents. Different color 
indicates different species composition. Horizontal arrows 
show larval transport to target vent; vertical arrows show 
species sorting. Scenarios: Benthos and larvae are (a) similar 
to each other and dissimilar to nearby vent (limited larval 
transport, closed community); (b) dissimilar (unlimited larval 
transport, species sorting, closed community); (c) similar at 
target and nearby vents (possible self-recruitment; larval 
transport unclear); (d) dissimilar at recently disturbed vent; 
nearby vent is destroyed (larval transport from remote vents,  

potential for transition in benthic species)
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Fig. 2. Vent field locations in the areas surrounding the 3 vent fields in this study: (a) Pescadero Basin (Auka vent field), (b) 
northern East Pacific Rise (EPR) (9° 50’ N vent field), (c) southern Mariana Trough (Snail/Pika vent field). Target fields shown 
with white border; nearest faunally dissimilar fields (Alarcón Rise at Pescadero, Medusa vent at EPR, and Seamount X and 
TOTO Caldera at Mariana) shown with black border. Vent field locations are from the InterRidge vents database (Beaulieu &  

Szafrański 2020). Maps created in GeoMapApp ver. 3.6.10 (Ryan et al. 2009)
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from a self-recruiting community, given the similar-
ity of vent community composition along the north-
ern EPR. Eruptive disturbance in this region is fre-
quent (Fornari et al. 2012), so the species composition 
of individual benthic communities changes over time 
(Shank et al. 1998), and the region may comprise a 
mosaic of vent fields in different stages of succession. 

At EPR we were able to compare the benthos and 
plankton at 2 time points when the communities 
were at different stages in assembly: the first in an 
established community (pre-eruption) and the sec-
ond in a community that had been disturbed in a 
2006 eruption (post-eruption). Post-eruption commu-
nities typically are low-density and low-diversity in 
early successional stages (e.g. Mullineaux et al. 
2012). As local larval production was likely reduced 
directly after the eruption, and larval immigrants 
from remote communities prevalent in the plankton 
(Mullineaux et al. 2010), we expect the plankton and 
benthos to be less similar in the post-eruption com-
munities (Fig. 1d) than in pre-eruption ones (Fig. 1c). 

The southern Mariana Trough is a back-arc basin 
in the western Pacific, with a spreading rate of 
roughly 5 cm yr−1 (Kato et al. 2003). The Snail/Pika 
vent field included in this study is within 20 km of 
other known back-arc basin vents, and within 30 km 
of vents in the Mariana Arc (Beaulieu & Szafrański 
2020). Faunal communities in the southern Mariana 
Trough have not been extensively documented, al -

though 2 studies report that vents in the Mariana 
Trough (back-arc basin) have similar community 
composition that differs from the vent fauna found 
at Mariana Arc vents (Kojima & Watanabe 2015, 
Giguère & Tunnicliffe 2021). The nearest vent field 
known definitively to have different community com-
position from Snail/Pika is 55 km away at Seamount 
X (Giguère & Tunnicliffe 2021), although reports of 
siboglinid tubeworms at TOTO Caldera, 27 km 
away, suggest it may also differ substantially (Naka-
gawa et al. 2006). Both Seamount X and TOTO 
Caldera are located in the Mariana Arc, with TOTO 
Caldera at similar depth to Snail/Pika. The close 
proximity of vent fields with both similar and dissim-
ilar community compositions suggests the potential 
for high larval dispersal but not necessarily high eco-
logical connectivity (Fig. 1b or 1c). 

2.2.  Sampling 

Larvae in the plankton were collected by pumping 
and filtering seawater over a 63 μm mesh in the 
vicinity of vent communities (Table 1). All larvae col-
lected were preserved in 95% ethanol. Plankton 
sampling was done as consistently as possible across 
the vent fields, but different submergence vehicles 
and gear were available at each. At Pescadero Basin 
a suction (slurp) sampler attached to ROV ‘Hercules’ 
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                        Vent field                                               Plankton                                                      Benthos 
Name               Location        Depth           Date             Vent(s)          Height    Collector      Date            Vent(s)        Collector 
                                                 (m)                             (no. samples)      (mab)                                         (no. samples)           
 
Pescadero     23° 57.40’ N,      3685         Oct 2017      C (1), Z (3),            1            Slurp     Oct 2017     C (2H,1W),       Slurp 
 Basin          108° 51.72’ W                                       Matterhorn (3)                                                         Z (1H,1C), 
                                                                                                                                                                    Matterhorn 
                                                                                                                                                                   (3H,1W,2C) 

EPR: pre-       9° 49.80’ N,      2520         Dec 1998    East Wall (1),         1            Pump    May 1998      East Wall        Block 
 eruption     104° 17.40’ W                                               X5 (1)                                                               (3H, 3W, 3C) 

                                                                May 2000     Biovent (1), 
                                                                                         Tica (1)                                                                                               

EPR: post-      9° 49.80’ N,      2520        Nov 2007        Tica (4)             3−4         Pump    Nov 2007        P-Vent       Sandwich 
 eruption     104° 17.40’ W                                                                                                                       (3H, 3W, 3C) 

Mariana        12° 57.20’ N,      2880        Sept 2010    Snail (1, 1*),        3−4         Pump    Sept 2010    Snail, Pika,        Slurp 
 Trough        143° 37.12’ E    (Snail)                         Archaean (1*),                                                         Archaean,  
                           (Snail)                                            Urashima (1, 1*)                                                         Urashima

Table 1. Samples in the plankton and benthos at the 3 vent fields. Location and maximum depth of each vent field are from 
Beaulieu & Szafrański (2020). For the plankton, the individual vent sites are annotated with the number of samples collected 
(in parentheses; * denotes samples collected away from the vent), the height (m) above bottom (mab), and the kind of collector 
used. For the benthos, vent sites are annotated with the number of samples in each zone (H: hot; W: warm, C: cool; zones not 
distinguished for Mariana Trough), and the kind of collector. For the pre-eruption EPR, no benthic samples were available for  

the precise dates when plankton were sampled, so samples from 17 mo earlier were used
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was used to sample plankton at ~1 m above bottom. 
Samples were collected from multiple locations 
around Matterhorn, Z and C vents. The slurp sam-
pler suctioned seawater for 10 min at a rate of 
approximately 115 l min−1, filtering a total volume of 
1150 l for each sample. At the EPR and Mariana 
Trough, plankton samples were collected using a 
McLane WTS-LV50 plankton pump attached to a 
sub-surface mooring within ~4 m of the bottom, as in 
Beaulieu et al. (2009). The pump sampled for 24 h at 
a rate of 30 l min−1, filtering a sample volume of 
roughly 40000 l. Where possible, plankton samples 
were collected near a vent orifice, but due to the lim-
ited number of plankton pump samples available 
from the Mariana Trough, pump samples collected 
off-site (100−300 m away from the vent) were 
included in the analysis of that region. 

Benthic samples were collected on colonisation 
surfaces or by seafloor slurp (Table 1), across envi-
ronmental gradients and their associated faunal zones. 
The colonisation surfaces had long deployment peri-
ods and represented the surrounding benthic com-
munity, except for highly mobile species (e.g. fish 
and large crustaceans). The slurps collected most 
benthic species effectively, except for those firmly 
attached to hard substrata (e.g. barnacles and ser-
pulid polychaetes). 

For Pescadero Basin, the benthic samples were col-
lected by the slurp on the ROV ‘Hercules’. The slurp 
intake was positioned within a few cm of the seafloor, 
and the suction operated on decreased power (60%) 
until the 63 μm filter clogged. Benthic slurp samples 
were collected at the same locations as the plankton 
slurps. At each sampling location one sample was 
collected close to the emerging vent fluid and another 
collected 50 cm away. At one location an additional 
sample was collected 75 cm away from the emerging 
vent fluid due to the bacterial mat zonation present at 
this site. The mean temperature recorded at each 
sampling location was used to assign samples to 
either the hot (>10°C), warm (2−10°C) or cool (<2°C) 
zone. Each benthic sample was passed through a 
38 μm sieve, split into quarters, then preserved in 
95% ethanol on board the vessel. One quarter was 
provided to collaborators, and the other 3 were 
retained for quantitative analyses. 

The colonisation surfaces used for samples at EPR 
were basalt blocks for pre-eruption and polycarbon-
ate sandwiches for post-eruption time points. Basalt 
blocks measured roughly 10 cm on a side (Micheli et 
al. 2002) and were deployed for 37 mo. Sandwiches 
comprised 6 plates, 10 cm on a side and 0.7 cm thick, 
separated by 1 cm (Mullineaux et al. 2010), and were 

deployed for 11 mo. The colonisation surfaces were 
deployed in 3 different zones: hot (10−30°C), warm 
(2−10°C) and cool (<2°C), as recorded with a temper-
ature probe. On recovery, the colonisation surfaces 
were placed into separate compartments and brought 
up to the surface. The surfaces and any detached 
individuals retained on a 63 μm sieve were pre-
served in 80% ethanol. 

In the Mariana Trough, the benthos was sampled 
in 2010 by a slurp attached to the DSV Shinkai 6500, 
as reported in Beaulieu et al. (2011). Quantitative 
counts were not available, so a presence−absence list 
of taxa was constructed for each vent site within the 
(grouped) Mariana Trough vent field. Identifications 
for benthic specimens collected during the 2010 
cruise were reported in Kojima & Watanabe (2015) 
and the Japan Agency for Marine-Earth Science and 
Technology GODAC DARWIN database (JAMSTEC 
2019). 

2.3.  Identification, inclusion, and grouping of taxa 

Individual specimens retained on a 63 μm sieve 
or present on a colonisation surface (including de -
tached individuals >1 mm) were identified mor-
phologically and counted under a dissecting micro-
scope. Identifications were made to the finest 
taxonomic level possible. From the Pescadero Basin 
and Mariana Trough, specimens of relatively abun-
dant taxa or morphotypes that lacked defining 
characteristics were selected for genetic sequencing 
(details in the Supplement section ‘Supplementary 
sample analyses’; www.int-res.com/articles/suppl/
m731p267_supp.pdf). The sequences were compared 
to those in the GenBank database using a BLAST 
search (nucleotide BLAST using a megablast search 
level). In most cases, the results from the BLAST 
search were insufficient to identify specimens down 
to species level. Therefore, the genetic re sults were 
used primarily as support for the morphological 
identifications. 

The taxa included in analyses were limited to vent-
endemic, metazoan species that were likely to be 
sampled as adults using a slurp or colonization sur-
face (i.e. no highly mobile fish or crustaceans). For 
groups of taxa in which taxonomic resolution dif-
fered between the plankton and benthos, the coars-
est grouping was used for both. Taxa with larvae that 
could not be morphologically identified to a taxo-
nomic rank below class were excluded (details on 
exclusion and grouping are in the Supplement ‘Sup-
plementary sample analyses’). 
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2.4.  Comparison of benthic and planktonic 
taxonomic composition 

We used published data for the benthos at EPR 
(Mullineaux 2020) and Mariana Trough (Kojima & 
Watanabe 2015, JAMSTEC 2019), and new results 
from this study for the plankton and benthos at 
Pescadero Basin, and the plankton at EPR and Mari-
ana Trough. Comparisons between the planktonic 
and benthic samples were conducted using pres-
ence−absence for consistency across all vent fields 
(counts were not available for the Mariana Trough 
benthos). A Jaccard dissimilarity matrix was created 
for the non-metric multidimensional scaling (NMDS) 
analysis. A permutational analysis of variance (PERM-
ANOVA) was used to test for differences between 
the plankton and benthic samples as well as differ-
ences between zones. PERMANOVA is a non-para-
metric approach that tests the null hypothesis that 
there is no difference between the centroids of the 
groups being tested (Anderson, 2001). All analyses 
were conducted in R (version 4.0.3) (R Core Team 
2020) using the ‘vegan’ package (version 2.5-6) 
(Oksanen et al. 2013). To explore the influence of 
individual prominent species on community patterns, 
quantitative counts were also compared between 
benthic and planktonic samples at Pescadero Basin 
and EPR. 

3.  RESULTS 

In the Pescadero Basin, the taxonomic composition 
of the planktonic and benthic samples overlapped 
substantially, with no significant difference detected 
(Fig. 3a; PERMANOVA, F1,16 = 2.17, p = 0.10). All 
taxa found in the plankton were also found in the 
benthos (Fig. 4), except for the gastropods Lepe -
todrilus spp. (see Table S2). The benthos showed lit-
tle differentiation across the 3 temperature zones 
(Fig. 3a). There was, however, a notable difference 
between the plankton and benthos in the relative 
abundance of some of the most numerous taxa 
(Fig. 3e). Chaetosphaerid polychaetes were abundant 
in the plankton but rare in the benthos, especially in 
the hot and warm zones. In contrast, the polychaete 
Ophryotrocha sp. occurred in all samples and domi-
nated the benthos samples except in the cool zone. 
The neomphalid-like gastropods occurred in most 
samples and were particularly abundant in the ben-
thic cool zone. 

In the pre-eruption EPR, community composition 
differed significantly between the plankton and ben-

thos (Fig. 3b; PERMANOVA, F1,11 = 10.13, p = 0.003). 
Composition also differed significantly across sam-
ples collected in different benthic temperature zones 
(PERMANOVA, F2,6 = 2.99, p = 0.004), demonstrating 
that it was important to have sampled across envi-
ronmental gradients. The plankton samples were 
similar to each other in composition despite having 
been collected 17 mo apart and at 4 different vent 
sites (Table 1). Most samples tended to be dominated 
by a single taxon which differed between the plank-
tonic and benthic samples (Fig. 3f). The gastropods 
Lepetodrilus spp. and Cyathermia naticoides were 
prominent in the plankton, whereas the nectochaete 
polychaete group dominated most of the benthic 
samples except in the cool zone where the chaeto -
sphaerid group was prominent. All the taxa found 
only in the plankton were gastropods (Table S1). 
Siboglinid tubeworms were found only in the benthic 
samples, which is not unexpected as siboglinid lar-
vae have never been observed in plankton samples 
despite being common at vents. The sole bivalve 
taxon Bathymodiolus thermophilus was also found 
only in the benthos. Despite being relatively abun-
dant in the plankton, only a single individual of C. 
naticoides was found in the benthic samples. The hot 
and warm zones in the benthos were dominated by 
the nectochaete group (mostly Amphisamytha gala-
pagensis; Table S2). The benthic cool zone displayed 
higher relative abundance of the chaetosphaerid 
group (mostly Laminatubus alvini) than the other 
zones (Fig. 3f). 

In the post-eruption EPR, patterns in community 
composition were similar to pre-eruption in that 
plankton and benthos differed significantly (Fig. 3c; 
PERMANOVA, F1,11 = 5.16, p = 0.004), and benthic 
zones differed significantly from each other (PERM-
ANOVA, F2,6 = 4.67, p = 0.02). The fauna in the ben-
thic warm and cool zones were more similar in com-
position to each other than to fauna in the hot zone. 
All plankton and benthic samples were collected on 
the same cruise at vents within 1 km of each other, so 
the observed patterns did not appear to be influ-
enced by the sampling design. Similar to the pre-
eruption EPR, most of the post-eruption planktonic 
and benthic samples were dominated by a single 
abundant taxon. The gastropods Lepetodrilus spp. 
(Fig. 3g) were particularly prominent in the benthic 
samples in warm and cool zones, whereas C. nati-
coides and siboglinids were abundant in the hot 
zone. The siboglinids were the only polychaete 
group not found in both the plankton and the ben-
thos. In contrast to the pre-eruption samples, the nec-
tochaete group or chaetosphaerid group were not 

273



Mar Ecol Prog Ser 731: 267–278, 2024274

Fig. 3. Community composition and taxon abundance in plankton and benthos of the 3 Pacific sample sites. Community pat-
terns are displayed in a non-metric multi-dimensional scaling analysis (NMDS) using Jaccard dissimilarity matrix calculated 
from presence/absence data: (a) Pescadero Basin (vents M, Z and CV; stress = 0.11); (b) East Pacific Rise (EPR), pre-eruption 
(vents EW, X5, BV, and TC; stress = 0.06); (c) EPR, post-eruption (vents PV and TC; stress = 0.07); and (d) Mariana Trough 
(vents SN, AR, PK, and UR; stress = 0.03). Individual samples are labelled by vent and (for benthos) zone: hot (H, red), warm 
(W, green), or cool (C, blue). At Mariana Trough, some plankton samples were collected 100−300 m away from the vent orifice 
(denoted with *); benthic data were pooled across zones (purple). Relative abundances of prominent taxa: (e) Pescadero Basin; 
(f) EPR pre-eruption; (g) EPR post-eruption. Vent abbreviations correspond to vent names in Table 1: Matterhorn (M), Z and 
C (CV) at Pescadero Basin, X5, East Wall (EW), Biovent (BV), Tica (TC), and P (PV) at EPR, and Snail (SN), Archaean (AR),  

Pika (PK) and Urashima (UR) vents at Mariana Trough 
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prominent in the benthos. As in the pre-eruption 
state, peltospirids were found only in the plankton 
and B. thermophilus was found primarily in the ben-
thos. One striking pattern in the post-eruption sam-
ples was the presence of 5 larval taxa (4 polychaetes 
and the bivalve B. thermophilus; Table S1) that were 
absent in the pre-eruption plankton, despite being 
present in the benthos both pre- and post-eruption. 

In the Mariana Trough, community composition 
differed significantly between the plankton and 
the benthos (Fig. 3d; PERMANOVA, F1,7 = 5.08, p-
value = 0.01). Composition in plankton samples did 
not vary substantially between those collected 
directly at the vents and those 100−300 m away. Sim-
ilar to the EPR, most taxa found only in the plankton 
were gastropods (including peltospirids; Table S2). 
No analysis of abundance was possible for Mariana 
because the benthic data were available only as 
presence/absence. 

Across the 3 vent fields, the percentage of taxa 
shared between the plankton and the benthos varied 
substantially (Fig. 4). The overlap was highest (70%) 
in the Pescadero Basin and substantially lower 
(<50%) in the EPR and Mariana Trough, with the 
lowest value (29%) observed in the pre-eruption 
EPR. The pre- and post-eruption EPR displayed a 
similar percentage of taxa found only in the plankton 
(38 and 35%, respectively), but the percentage found 
only in the benthos was much higher pre-eruption 
(32%) than post-eruption (18%). 

4.  DISCUSSION 

This study of 3 Pacific vent fields demonstrates that 
ecological connectivity, as measured by similarity in 
species composition of a benthic community and its 
associated larval supply is consistent with some, but 
not all, of our expectations derived from geographic 
or oceanographic isolation. The high similarity in 
taxonomic composition between larval and adult 
communities in the Pescadero Basin is distinctly dif-
ferent from patterns in the EPR and Mariana Trough 
and indicates limited larval transport from nearby 
vent fields at the time of our study (Fig. 1a). Other 
nearby vent communities (e.g. Alarcón Rise) differ in 
faunal composition from our Pescadero samples 
(Goffredi et al. 2017), but the detection of only 2 non-
resident taxa in plankton samples suggests a limited 
role of species sorting. In contrast, on the EPR, larval 
composition differed substantially from the local 
benthic communities, suggesting that transport from 
nearby vents with different faunal composition was 

occurring, but species sorting prevented their colo-
nization (Fig. 1b). This result differs from our expec-
tation for EPR of high connectivity between vent 
fields of similar community composition (Fig. 1c). In 
the Mariana Trough, the community composition of 
larvae in the plankton differed from that of adults in 
the benthos, but in that region, nearby vents have 
distinctly different faunal composition. Thus, it ap -
pears that larvae are arriving from nearby vents but 
not colonizing, as at EPR (Fig. 1b). Note that a ‘snap-
shot’ observation of dissimilarity in species composi-
tion between larvae and benthos at an individual 
vent field is relevant to connectivity on ecological 
time scales but does not mean that larval transport 
cannot occur episodically on longer time scales to 
maintain genetic connectivity. 

At Pescadero Basin vent communities, the limited 
larval transport from other vent fields is likely driven 
by oceanographic isolation from the nearest vent 
field, Alarcón Rise, which is 75 km away and 1300 m 
shallower. Vents in the Pescadero Basin have un -
usual vent fluid chemistry due to being located on a 
heavily sedimented spreading centre (Paduan et al. 
2018), and Goffredi et al. (2017) suggest that these 
environmental conditions may limit species richness 
through species sorting in the benthos. Our direct 
observations of larval presence at Pescadero differ 
from Goffredi et al. (2017), who found DNA only of 
non-resident larvae in the water column (3 taxa), 
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Fig. 4. Percentage of taxa found in the benthic samples only, 
planktonic samples only, and shared across both for 
Pescadero Basin, East Pacific Rise (EPR) pre-eruption, EPR 
post-eruption, and Mariana Trough. Total number of taxa  

displayed above each bar
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possibly due to sampling lower volumes at greater 
heights above the seafloor. The distance from Pesca -
dero Basin to the Alarcón Rise is within the maximum 
estimated dispersal range of some vent taxa (Marsh 
et al. 2001), so long-distance transport events, though 
rare, may occur (Mullineaux et al. 2018). For in -
stance, the presence of the gastropods Lepetodrilus 
spp. (and the clam Calyptogena sp.; Supplement text 
‘Supplementary sample analyses’) in the plankton 
but not the benthos at Pescadero Basin suggests 
these 2 taxa are widely dispersed. These taxa were 
found at Alarcón Rise by Goffredi et al. (2017), listed 
as 2 species in genus Lepetodrilus and 1 species in 
unresolved genus ‘Calyptogena’. It is certainly possi-
ble that ‘false-positive’ matches of pooled taxa (e.g. 
chaetosphaerids) between the plankton and benthos 
at Pescadoro Basin obscure the transport of unidenti-
fied non-local species from Alarcón Rise or other vent 
fields. This possibility cannot be assessed with our 
data but may be resolved in the future as sequences 
of identified adult vent specimens from this region 
become available in genetic databases. 

On the EPR, the taxonomic compositions of larval 
and benthic communities were dissimilar, indicating 
substantial larval transport from non-local sources. 
Consistent along-ridge flows in this region, reported 
in field observations (Thurnherr et al. 2011) and 
models (Xu et al. 2018), could promote larval disper-
sal from other vent fields along the ridge, including 
from Medusa vent which is located 77 km away and 
hosts some different species than 9° 50’ N. The abun-
dance of more proximal fields with similar composi-
tion, however, makes the EPR pattern unexpected 
and raises questions about whether it truly reflects 
larval dispersal, or results instead from limitations in 
sampling effectiveness. Plankton samples provide 
only an instantaneous view of larval supply and com-
position. Larval supply can be disrupted by discon-
tinuous spawning (Tyler & Young 1999) and is known 
to vary on time scales of days (Beaulieu et al. 2009) to 
years (Mills et al. 2013), so it is possible that temporal 
variation in larval supply results in the episodic 
absence of some species from the plankton. The ben-
thic sampling methods used could also lead to the 
under-sampling of some taxa. For example, colonisa-
tion surfaces cannot be deployed in the very high 
temperature environments (>30°C) found on vent 
chimneys meaning that they are less likely to sample 
taxa such as peltospirids and Neomphalus fretterae 
that prefer these conditions (Desbruyères et al. 2006). 

The comparison of community composition in the 
pre-eruption and post-eruption states at EPR did not 
show the expected increase in similarity of benthos 

and plankton with time since eruption. The benthic 
species richness and composition was similar in the 2 
states (21 and 22 taxa for pre- and post-eruption 
respectively, with 16 of those taxa the same), but the 
percentage of shared taxa between plankton and 
benthos was substantially lower pre-eruption (29%) 
than post-eruption (46%) due to the absence of 5 
taxa in the plankton before the eruption that were 
found in both the plankton and benthos after the 
eruption. This pattern is contrary to the expectation 
from our conceptual framework, which predicted 
that larval taxa would be more similar to the benthos 
under pre-eruption conditions (Fig. 1c) than immedi-
ately after a disturbance (Fig. 1d). It is possible that 
the pre-eruption plankton samples were collected at 
a time when the missing taxa had not spawned 
recently, or that post-eruption populations had already 
become established and were spawning actively in 
response to higher nutrient availability. This uncer-
tainty illustrates again the challenges of interpreting 
the absence of taxa in the plankton. 

At Mariana Trough, the community composition of 
the plankton was significantly different from the 
benthos, as expected for a vent field experiencing 
larval transport from nearby fields that differ in ben-
thic fauna. This difference was apparent in plankton 
samples collected directly at the vents, and from 
those hundreds of meters away, showing that the 
proximity to a vent did not influence the analysis. 
Biophysical models indicate that dispersal is likely 
between vents in the southern Mariana Trough on 
these spatial scales, and between the back-arc basin 
and the Mariana Arc (Mitarai et al. 2016). We suspect 
that vents on the Mariana Arc, which support differ-
ent communities than those in the Mariana Trough 
(Giguère & Tunnicliffe 2021), are the source of spe-
cies we found only in the plankton. However, the 
inability to identify plankton to species level in our 
study makes it difficult to match them to individual 
species reported from the Mariana Arc benthos. 

We show that a comparison between larval and 
adult taxon composition in an individual vent field is 
effective for detecting limited larval exchange with 
other vent communities and distinguishing between 
larval supply and species sorting as drivers of com-
munity assembly. The approach is most useful in 
regions where species composition differs across 
vent fields. In some cases, the larval/adult compari-
son confirms expectations based on geographic prox-
imity or oceanographic exchange, e.g. the determi-
nation of limited connectivity for Pescadero Basin 
which may limit the role of species sorting in the local 
community assembly. In others, however, it brings 
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surprises and new understanding. At the EPR, the 
pre-eruption and post-eruption larval pools deviated 
from expectation, possibly due to a mosaic of nearby 
vent communities in different stages of succession, 
recent eruptive disturbance, or sampling limitations. 
At Mariana Trough, the finding of substantial larval 
dispersal conformed to expectation but enabled the 
further step of identifying species sorting as the pro-
cess driving community composition. 

In an environment as remote and challenging to 
study as the deep sea it is important to gain as much 
information as possible from routinely collected sam-
ples. Our approach takes advantage of morphologi-
cal and genetic characteristics of collected specimens 
and species distribution records. We acknowledge 
the limitations in taxonomic resolution of larvae and 
adults, which can obscure dissimilarities, and the lim-
itations in sampling capabilities that can overempha-
size dissimilarities. In the future, molecular identifi-
cations are likely to increase the accuracy of taxonomic 
comparisons by increasing taxonomic resolution and 
reducing the likelihood of inadvertently matching 
closely related species. Developments in sampling 
capabilities, and increasing frequency of sampling, 
are likely to decrease the chance of failing to detect a 
species in the plankton or benthos when it is present. 
Both of these advances are included as part of pro-
posed deep-ocean observing programs (Cunha et al. 
2020). Enhanced observations of larval supply and 
ecological connectivity will provide in sights into com-
munity resilience and are essential for understanding 
the dynamics and diversity of vent species in response 
to natural and anthropogenic disturbance. 
 

 
Acknowledgements. This work was supported by NSF 
grants OCE-0424953, OCE-1356738, and OCE-1829773 to 
L.S.M., NSF RAPID Grant OCE-1028862 to S.E.B., and Dalio 
Ocean Initiative and E/V Nautilus/Ocean Exploration Trust 
grant to S.E.B. and L.S.M. We acknowledge the sample col-
lection permits CONAPESCA PPFE/DGOPA-010/17 and 
INEGI: Autorización EG0072017 associated to the Diplo-
matic Note number SRE 17-1087 (CTC/06727/17). We ap -
preciate the efforts of the many seagoing personnel who 
contributed to this project, including the groups operating 
deep submergence vehicles ‘Alvin’, ‘Shinkai 6500’, and ‘Her-
cules’, the captains and crews of research vessels ‘Atlantis’, 
‘Yokosuka’ and ‘Nautilus’, and chief scientists Karen von 
Damm, Andreas Thurnherr, Jim Ledwell, Shige aki Kojima, 
Anna Michel, and Scott Wankel. Hiromi Watanabe, Hiroka 
Hidaka, Takenori Sasaki, and Florence Pradillon assisted 
with identification of Mariana specimens. Elva Esco bar 
Briones, Adriana Gaytan Caballero, Esmeralda Morales 
Dominguez, and Sabine Angier assisted with identification 
of Pescadero specimens, and Mary Toner assisted with geo-
referencing temperature data. Kirstin Meyer-Kaiser made 
helpful suggestions on the manuscript. 

LITERATURE CITED 
 
Anderson MJ (2001) A new method for non-parametric 

multivariate analysis of variance. Austral Ecol 26: 32−46 
Baker ET, Resing JA, Haymon RM, Tunnicliffe V and others 

(2016) How many vent fields? New estimates of vent field 
populations on ocean ridges from precise mapping of 
hydrothermal discharge locations. Earth Planet Sci Lett 
449: 186−196  

Beaulieu S, Szafrański K (2020) InterRidge global database 
of active submarine hydrothermal vent fields, Version 3.4. 
PANGAEA. https: //doi.org/10.1594/PANGAEA.917894 

Beaulieu SE, Mullineaux LS, Adams DK, Mills SW (2009) 
Comparison of a sediment trap and plankton pump for 
time-series sampling of larvae near deep-sea hydrother-
mal vents. Limnol Oceanogr Methods 7: 235−248  

Beaulieu SE, Mills S, Mullineaux L, Pradillon F, Watanabe 
H, Kojima S (2011) International study of larval dispersal 
and population connectivity at hydrothermal vents in the 
US Marianas Trench Marine National Monument. Proc 
OCEANS’11 MTS/IEEE KONA. IEEE, p 1–6. https: //doi.
org/10.23919/OCEANS.2011.6107064 

Breusing C, Biastoch A, Drews A, Metaxas A and others 
(2016) Biophysical and population genetic models pre-
dict the presence of ‘phantom’ stepping stones connect-
ing Mid-Atlantic Ridge vent ecosystems. Curr Biol 26: 
2257−2267  

Corliss JB, Dymond J, Gordon LI, Edmond JM and others 
(1979) Submarine thermal springs on the Galapagos Rift. 
Science 203: 1073−1083  

Cowen RK, Sponaugle S (2009) Larval dispersal and marine 
population connectivity. Annu Rev Mar Sci 1: 443−466  

Cunha M, Génio L, Pradillon F, Clavel Henry M and others 
(2020) Foresight workshop on advances in ocean biolog-
ical observations:  a sustained system for deep-ocean 
meroplankton. Res Ideas Outcomes 6: e54284  

DeMets C, Gordon RG, Argus DF (2010) Geologically cur-
rent plate motions. Geophys J Int 181: 1−80  

Desbruyères D, Segonzac M, Bright M (eds) (2006) Hand-
book of deep-sea hydrothermal vent fauna. Denisia 18: 
1–544 

Fornari DJ, Von Damm KL, Bryce JG, Cowen JP and others 
(2012) The East Pacific Rise between 9 N and 10 N:  
twenty-five years of integrated, multidisciplinary oceanic 
spreading center studies. Oceanography (Wash DC) 25: 
18−43 

Giguère TN, Tunnicliffe V (2021) Beta diversity differs 
among hydrothermal vent systems:  implications for con-
servation. PLOS ONE 16: e0256637  

Goffredi SK, Johnson S, Tunnicliffe V, Caress D and others 
(2017) Hydrothermal vent fields discovered in the south-
ern Gulf of California clarify role of habitat in augment-
ing regional diversity. Proc Biol Sci 284:20170817 

Goffredi SK, Motooka C, Fike DA, Gusmão LC, Tilic E, 
Rouse GW, Rodríguez E (2021) Mixotrophic chemosyn-
thesis in a deep-sea anemone from hydrothermal vents 
in the Pescadero Basin, Gulf of California. BMC Biol 
19: 8  

JAMSTEC (2019) DARWIN database biological sample. 
Japan Agency for Marine-Earth Science and Technology 
(JAMSTEC) Global Oceanographic Data Center (GO DAC). 
www.godac.jamstec.go.jp/darwin/cruise/yokosuka/yk10-
11/e (accessed April 5, 2019) 

Jones GP, Planes S, Thorrold SR (2005) Coral reef fish larvae 
settle close to home. Curr Biol 15: 1314−1318  

277

https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x
https://doi.org/10.1016/j.epsl.2016.05.031
https://doi.org/10.1594/PANGAEA.917894
https://doi.org/10.4319/lom.2009.7.235
https://doi.org/10.23919/OCEANS.2011.6107064
https://doi.org/10.1016/j.cub.2016.06.062
https://doi.org/10.1126/science.203.4385.1073
https://doi.org/10.1016/j.cub.2005.06.061
https://doi.org/10.1186/s12915-020-00921-1
https://doi.org/10.1098/rspb.2017.0817
https://doi.org/10.1371/journal.pone.0256637
https://doi.org/10.5670/oceanog.2012.02
https://doi.org/10.1111/j.1365-246X.2009.04491.x
https://doi.org/10.3897/rio.6.e54284
https://doi.org/10.1146/annurev.marine.010908.163757


Mar Ecol Prog Ser 731: 267–278, 2024

Kato T, Beavan J, Matsushima T, Kotake Y, Camacho JT, 
Nakao S (2003) Geodetic evidence of back-arc spreading 
in the Mariana Trough. Geophys Res Lett 30:1625 

Klein EM, White SM, Nunnery JA, Mason-Stack JL and oth-
ers (2013) Seafloor photo-geology and sonar terrain mod-
eling at the 9 N overlapping spreading center, East 
Pacific Rise. Geochem Geophys Geosyst 14: 5146−5170  

Kojima S, Watanabe H (2015) Vent fauna in the Mariana 
Trough, Chap 25. In:  Ishibashi J, Okino K, Sunamura M 
(eds) Subseafloor biosphere linked to hydrothermal sys-
tems:  TAIGA concept. Springer, Tokyo, p 313−323 

Leibold MA, Miller TE (2004) From metapopulations to 
metacommunities. In:  Hanski I, Gaggiotti OE (eds) Ecol-
ogy, genetics and evolution of metapopulations. Else-
vier-Academic Press, p 133−150 

Leibold MA, Holyoak M, Mouquet P, Amarasekare P and 
others (2004) The metacommunity concept:  a framework 
for multiscale community ecology. Ecol Lett 7: 601−613  

Levin LA (2006) Recent progress in understanding larval 
dispersal:  new directions and digressions. Integr Comp 
Biol 46: 282−297  

Levin LA, Bett BJ, Gates AR, Heimbach P and others (2019) 
Global observing needs in the deep ocean. Front Mar Sci 
6:241 

Lowe WH, Allendorf FW (2010) What can genetics tell us 
about population connectivity? Mol Ecol 19: 3038−3051  

Marsh AG, Mullineaux LS, Young CM, Manahan DT (2001) 
Larval dispersal potential of the tubeworm Riftia pachyp-
tila at deep-sea hydrothermal vents. Nature 411: 77−80  

Micheli F, Peterson CH, Mullineaux LS, Fisher CR and oth-
ers (2002) Predation structures communities at deep-sea 
hydrothermal vents. Ecol Monogr 72: 365−382  

Miller KA, Thompson KF, Johnston P, Santillo D (2018) An 
overview of seabed mining including the current state of 
development, environmental impacts, and knowledge 
gaps. Front Mar Sci 4:418 

Mills SW, Mullineaux LS, Beaulieu SE, Adams DK (2013) 
Persistent effects of disturbance on larval patterns in the 
plankton after an eruption on the East Pacific Rise. Mar 
Ecol Prog Ser 491: 67−76  

Mitarai S, Watanabe H, Nakajima Y, Shchepetkin AF, 
McWilliams JC (2016) Quantifying dispersal from hydro -
thermal vent fields in the western Pacific Ocean. Proc 
Natl Acad Sci USA 113: 2976−2981  

Mullineaux, LS (2020) Counts of colonists collected from col-
onization plates at the East Pacific Rise (EPR) deep-sea 
vents (1998−2017). Biological and Chemical Oceanogra-
phy Data Management Office (BCO-DMO). Version 2. 
Version date 2020-08-31. https: //doi.org/10.26008/1912/
bco-dmo.733173.2 

Mullineaux LS, Adams DK, Mills SW, Beaulieu SE (2010) 
Larvae from afar colonize deep-sea hydrothermal vents 
after a catastrophic eruption. Proc Natl Acad Sci USA 
107: 7829−7834  

Mullineaux LS, Le Bris N, Mills SW, Henri P, Bayer SR, 
Secrist RG, Siu N (2012) Detecting the influence of initial 
pioneers on succession at deep-sea vents. PLOS ONE 7: 
e50015  

Mullineaux LS, McGillicuddy D Jr, Mills SW, Kosnyrev V, 
Thurnherr AM, Ledwell JR, Lavelle JW (2013) Active 
positioning of vent larvae at a mid-ocean ridge. Deep 
Sea Res II 92: 46−57  

Mullineaux LS, Metaxas A, Beaulieu SE, Bright M and others 
(2018) Exploring the ecology of deep-sea hydrothermal 
vents in a metacommunity framework. Front Mar Sci 5: 49  

Nakagawa T, Takai K, Suzuki Y, Hirayama H, Konno U, 
Tsunogai U, Horikoshi K (2006) Geomicrobiological 
exploration and characterization of a novel deep-sea 
hydrothermal system at the TOTO caldera in the Mari-
ana Volcanic Arc. Environ Microbiol 8: 37−49  

Oksanen J, Blanchet FG, Kindt R, Legendre P and others (2013) 
Package ‘vegan’. Community ecology package, Version 
2.5-6: 1-295. https: //cran.r-project.org/package=vegan 

Paduan JB, Zierenberg RA, Clague DA, Spelz RM and oth-
ers (2018) Discovery of hydrothermal vent fields on Alar-
cón Rise and in Southern Pescadero Basin, Gulf of Cali-
fornia. Geochem Geophys Geosyst 19: 4788−4819  

R Core Team (2020) R:  a language and environment for sta-
tistical computing. R Foundation for Statistical Comput-
ing, Vienna. https: //www.R-project.org/ 

Ryan WB, Carbotte SM, Coplan JO, O’Hara S and others 
(2009) Global multi-resolution topography synthesis. 
Geochem Geophys Geosyst 10:Q03014  

Selkoe KA, Gaggiotti OE, Lab T, Bowen BW, Toonen RJ 
(2014) Emergent patterns of population genetic structure 
for a coral reef community. Mol Ecol 23: 3064−3079  

Shank TM, Fornari DJ, Von Damm KL, Lilley MD, Haymon 
RM, Lutz RA (1998) Temporal and spatial patterns of bio-
logical community development at nascent deep-sea 
hydrothermal vents (9° 50’ N, East Pacific Rise). Deep 
Sea Res II 45: 465−515  

Teixeira S, Serrao EA, Arnaud-Haond S (2012) Panmixia in 
a fragmented and unstable environment:  the hydrother-
mal shrimp Rimicaris exoculata disperses extensively 
along the Mid-Atlantic Ridge. PLOS ONE 7: e38521  

Thurnherr AM, Ledwell JR, Lavelle JW, Mullineaux LS 
(2011) Hydrography and circulation near the crest of the 
East Pacific Rise between 9° and 10° N. Deep Sea Res I 
58: 365−376  

Tyler PA, Young CM (1999) Reproduction and dispersal at 
vents and cold seeps. J Mar Biol Assoc UK 79:193−208 

Vrijenhoek RC (2010) Genetic diversity and connectivity of 
deep-sea hydrothermal vent metapopulations. Mol Ecol 
19: 4391−4411  

Watanabe H, Tsuchida S, Fujikura K, Yamamoto H, Inagaki 
F, Kyo M, Kojima S (2005) Population history associated 
with hydrothermal vent activity inferred from genetic 
structure of neoverrucid barnacles around Japan. Mar 
Ecol Prog Ser 288: 233−240  

Weiher E, Freund D, Bunton T, Stefanski A, Lee T, Ben-
tivenga S (2011) Advances, challenges and a developing 
synthesis of ecological community assembly theory. Phi-
los Trans R Soc Lond B Biol Sci 366: 2403−2413  

White JW, Botsford LW, Hastings A, Largier JL (2010) Popu-
lation persistence in marine reserve networks:  incorpo-
rating spatial heterogeneities in larval dispersal. Mar 
Ecol Prog Ser 398: 49−67  

Xu G, McGillicuddy D Jr, Mills SW, Mullineaux LS (2018) 
Dispersal of hydrothermal vent larvae at East Pacific 
Rise 9−10° N segment. J Geophys Res Oceans 123: 
7877−7895  

Yahagi T, Kayama Watanabe H, Kojima S, Kano Y (2017) Do 
larvae from deep-sea hydrothermal vents disperse in 
surface waters? Ecology 98: 1524−1534

278

Editorial responsibility: Pei-Yuan Qian,  
 Kowloon, Hong Kong SAR 
Reviewed by: 3 anonymous referees

Submitted: June 2, 2022 
Accepted: September 14, 2022 
Proofs received from author(s): November 1, 2022

https://doi.org/10.1029/2002GL016757
https://doi.org/10.1002/2013GC004858
https://doi.org/10.1007/978-4-431-54865-2_25
https://doi.org/10.1016/B978-012323448-3/50008-8
https://doi.org/10.1111/j.1461-0248.2004.00608.x
https://doi.org/10.1093/icb/icj024
https://doi.org/10.3389/fmars.2019.00241
https://doi.org/10.1111/j.1365-294X.2010.04688.x
https://doi.org/10.1038/35075063
https://doi.org/10.1890/0012-9615(2002)072%5b0365%3APSCADS%5d2.0.CO%3B2
https://doi.org/10.3389/fmars.2017.00418
https://doi.org/10.3354/meps10463
https://doi.org/10.1073/pnas.1518395113
https://doi.org/10.26008/1912/bco-dmo.733173.2
https://doi.org/10.1073/pnas.0913187107
https://doi.org/10.1371/journal.pone.0050015
https://doi.org/10.1002/ecy.1800
https://doi.org/10.1029/2018JC014290
https://doi.org/10.3354/meps08327
https://doi.org/10.1098/rstb.2011.0056
https://doi.org/10.3354/meps288233
https://doi.org/10.1111/j.1365-294X.2010.04789.x
https://doi.org/10.1017/S0025315499000235
https://doi.org/10.1016/j.dsr.2011.01.009
https://doi.org/10.1371/journal.pone.0038521
https://doi.org/10.1016/S0967-0645(97)00089-1
https://doi.org/10.1111/mec.12804
https://doi.org/10.1029/2008GC002332
https://doi.org/10.1029/2018GC007771
https://doi.org/10.1111/j.1462-2920.2005.00884.x
https://doi.org/10.3389/fmars.2018.00049
https://doi.org/10.1016/j.dsr2.2013.03.032



