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ABSTRACT OF THE THESIS

The influence of methane seepage on composition and trophic structure of hard
substrate macrofauna within the seep and surrounding systems

By
Olivia Soares Pereira
Master of Science in Oceanography
University of California San Diego, 2020

Professor Lisa A. Levin, Chair

Methane seepage often generates precipitation of carbonate rocks, which host microbes
and a diverse fauna. These rocks may also promote an interaction between seep and background
communities that may last for centuries, providing hard substrate even after seepage ceases. |
analyzed composition, density, and trophic structure of macrofaunal invertebrates on carbonate
rocks at and surrounding Mound 12, a methane seep site off the coast of Costa Rica, to examine
how species and trophic diversities respond to changes in seepage activity at different spatial and
temporal scales. By sampling in situ carbonate rocks at active and transition sites, I observed
declining density and a community shift from a gastropod dominance to more annelids and
peracarid crustaceans under less seepage, while carbonates promoted an interaction between such

communities functioning as hard substrate for attachment. Defaunated carbonates deployed for 7
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years at active and transition sites indicated that grazers are amongst the most successful
colonizers, although the community and its trophic structure were not able to fully recover.
However, both seep and transition communities showed rapid response, persistence and recovery
when carbonates were transplanted to sites with lesser/more seepage activity for 17 months.
Finally, wood and bone deployed for 7 years at active and transition sites showed shared species
indicating potential interaction between whale, wood, and seep ecosystems when in close
proximity. This multi-experimental study offers insight on the resilience of macrofaunal
communities and helps us predict community responses to disturbances in seepage activity that

may result from growing anthropogenic interference on margins.
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1 INTRODUCTION

The deep ocean hosts a variety of extreme environments that support unusual forms of life
reliant on chemosynthesis rather than photosynthesis (Bernardino et al., 2012). Among these,
methane seeps are highly productive ecosystems based on chemosynthetic primary production
(Tunnicliffe et al., 2003), which captures energy from the oxidation of sulfide, methane and
hydrogen (Dubilier et al., 2008). While fueling ecosystems with increased biomass relative to the
surrounding deep sea, oxidation processes alter the overall cycles of sulfur, oxygen and carbon in
the oceans. On a global scale, seep roles in biogeochemical cycling, elemental transformation, and
contribution to the marine methane budget have been attracting interest (Boetius & Wenzhoefer,
2013). Besides the role in climate regulation and carbon sequestration (regulating services),
methane seeps provide provisioning services, such as valuable resources through their interaction
with background fauna, and cultural services such as education, which are non-material and non-
consumptive outputs that affect people (Levin et al., 2016). More recently, methane seeps have
been found to sustain commercially important species, such as tanner and red crabs, that use the
seeps for trophic and reproductive support (Seabrook et al., 2019; Turner et al., 2020), and the
Pacific Fishery Management Council recognized methane seeps and associated biota as essential
fish habitat (NOAA, 2020). This is the world’s first incorporation of seeps in a fish management
plan.

Although we understand the basics of endosymbiosis and food chains that support this high
biomass at methane seeps, we are still learning about the many different ways that animal and
microbial life can use methane to generate biomass and provide essential ecosystem services.

Because of their location on continental margins and association with energy resources, some



chemosynthetic ecosystems are highly vulnerable to damage (Levin & Sibuet, 2012; Ramirez-
Llodra et al., 2011; Baco et al., 2010). Exploitation of biotic and abiotic resources, waste disposal,
pollution and debris inputs are a real threat to the deep sea (Ramirez-Llodra et al., 2011; Mengerink
et al., 2014), as well as human disturbance such as bottom trawl fisheries, oil and gas extraction
and, more recently, seabed mining (Ramirez-Llodra et al., 2010). There is also a concern regarding
damage from scientific sampling (Godet et al., 2001). Scientific activity at hydrothermal vents is
regulated by a code of conduct (InterRidge, 2006), but it does not include work at methane seeps.
Methane seep fauna is also subject to climate change and accompanying loss of oxygen and ocean
acidification (IPCC, 2019). With increasing threat, knowledge of communities associated with
these ecosystems, with both endemic and background species, takes on greater importance. The
research presented here offers information on seep resilience to disturbances and on how life adapts
and recovers from such stressors at extreme environments.

Although most of the deep ocean is covered by sediments, methane seeps are frequently
associated with hard substrates, with extensive areas of carbonate concretions formed by microbes
(Aloisi et al., 2000). Methane seeps are commonly found on continental shelves on both active and
passive margins (Ritt et al., 2010) all over the world and at depths from 400 to 7326 m (Fujikura
et al., 1999). Ascending fluids are enriched in mainly methane and hydrogen sulfide; both are
dissolved reducing gases, creating singular environments that support a community based on
anaerobic oxidation of methane (AOM; Boetius et al., 2000) as well as other forms of
chemosynthetic production (Boetius & Wenzhofer, 2013; Levin, 2005). Seeps contain abundant
methanotrophic archaea (anaerobic methane oxidizing archaea, ANMESs) forming aggregates with

sulfate-reducing gama-proteobacteria (SRBs). These aggregates respire the methane released from



the seafloor through the AOM (Reeburg, 2007; Orphan et al., 2002; Boetius et al., 2000), according
to the equation (Boetius et al., 2000):
CH,+S0;~ - HCO; +HS™ + H,0 (1)
The hydrogen sulfide produced is aerobically oxidized by bacteria, including by the mat-
forming bacteria Beggiatoa and Thioploca. Much of the methane that is not consumed
anaerobically is respired aerobically by free-living and symbiotic bacteria (Thurber et al., 2013)
or released to the hydrosphere (Boetius & Wenzhofer, 2013) and consumed by aerobic methane
oxidizing bacteria in the water (Hansman et al., 2017; Mau et al., 2014). Anaerobic methane
oxidizers and aerobic methane-oxidizing bacteria remove the majority of methane released, and
the main sink for methane happens through the “benthic sediment filter” AOM (Boetius &
Wenzhoefer, 2013; Sommer et al., 2006; Orphan et al., 2001; Boetius et al., 2000). The increased
alkalinity produced by the AOM (equation 1; Bahr et al., 2009) in the sediment combined with
high pH leads to precipitation of carbonates, when the bicarbonate produced by AOM combines
with dissolved cations (Bahr et al., 2009; Han et al., 2004; Michaelis et al., 2002):
Ca?* + 2HCO; - CaCO5 + CO, + H,0 (2)
These carbonate rocks host a diversity of microorganisms and fauna that use them for
attachment, shelter, and access to food (Case et al., 2015; Levin et al., 2015; Marlow et al., 2014a).
Given the broad distribution of methane-derived carbonates on seeps, the benthic filter probably
represents a previously unrecognized globally relevant sink for methane (Marlow et al., 2014b)
due to their anaerobic methanotrophic and AOM activities. However, their contribution to the
overall methane consumption is hard to quantify. Although these methanotrophic communities
appear to be different along seepage gradients, they sustain a dynamic ecosystem that is able to

adapt to changing environmental conditions and methane fluxes (Case et al., 2015; Marlow et al.,



2014b). And when seepage activity ceases, the carbonates remain, attracting background species
that feed on remaining debris or use the structures to gain access to particles in the water (Bowden
et al., 2013). At a later time, corals and sponges settle on the hard substrate and form habitats that
support high biodiversity. Therefore, those carbonates may also promote an interaction between
seep and background communities that may last for centuries (Levin et al., 2016, 2009) through
provision of hard substrate and reproductive sites, affecting the biogeochemical conditions.

Areas that connect adjacent ecological assemblages where species interact are called
ecotones and function as transition zones, often providing enhancement of species richness (Gage,
2004). The knowledge of how seep communities change from active methane seepage to transition
settings and how they interact with background assemblages is crucial for understanding the
biodiversity of life at seeps as well as for impact assessment, management, valuation, and for
predicting consequences of climate change. Seep ecosystems interact with their surroundings by
the transfer of organic material, energy and nutrients through horizontal advection of particulate
carbon and trophic transfer by mobile predators and scavengers (Levin et al., 2016). These
exchanges enhance ecosystem complexity, and ecotones tend to have higher diversity by having a
mixture of endemic and non-endemic species (Cordes et al., 2009), providing complex trophic
interactions. It is common to find mixotrophic fauna at transition zones, such as maldanid, nereid,
and ampharetid polychaetes, peracarid crustaceans and cnidarians, using chemosynthetically and
photosynthetically derived organic sources enabling species to endure variation in seepage activity
(Levin et al., 2016).

Ecotones can also provide potential connectivity of chemosynthetic ecosystems through
transition zones into background communities, as deep-sea dispersal estimates from modeling and

population genetic exceed the diameter of the average chemosynthetic site (Levin et al., 2016).



The overlap of species among chemosynthetic ecosystems (Bernardino et al., 2012) suggests the
existence of large-scale faunal networks across ocean basins connected by larval dispersal stages
(Kiel, 2016). Organic remains such as whale and wood falls create ephemeral chemosynthetic
ecosystems that attract species-rich assemblages, and they may function as stepping stones for vent
and seep species (Alfaro-Lucas et al., 2018; Levin et al., 2016; Smith et al., 2015; Smith et al.,
2014; Baco & Smith, 2003). Chemosynthetic communities are colonized by specialist and
generalist organisms with a broad range of nutrition pathways from chemosynthetic to
photosynthetic-produced carbon (Bernardino et al., 2010; Levin & Michener, 2002; Desbruye¢res
et al., 2000). Carbonate rocks at transition zones may then promote links among chemosynthetic
ecosystems extending the limits of the ecosystem and its methane-derived carbon production.
Trophic linkages are critical to ecosystem functioning as they transfer energy throughout
food webs, and they are identified through stable isotope (usually carbon and nitrogen) analyses
(Thurber, 2014), by taking advantage of natural variation in stable isotope ratios (Layman et al.,
2007). Generally, there is an isotopic change with each successive trophic level, as animals
preferentially excrete '*N over '°N and respire '>C over *C (McCutchan et al., 2003; Peterson &
Fry, 1987; Minagawa & Wada, 1974). The carbon isotope shift between a species’ diet and its
tissue is small (0 to 1%o) but initial fractionation varies substantially among primary producers,
and, therefore, 8'3C is an excellent indicator of carbon sources at the base of the food web (Layman
et al., 2007; DeNiro & Epstien, 1978). The diet-tissue shift for the nitrogen isotopes, however, is
greater and constant among successive trophic levels, and 8!°N often increases by 2%o to 4%o with
each trophic level, making the nitrogen isotope a useful tool to estimate trophic position

(McCutchan et al., 2003; Post, 2002). Initial §'°N value is influenced by local N fixation, which



can be carried out by benthic deep-sea bacteria in sediments, archaea syntrophic consortia (Dekas
et al., 2009) and by chemosynthetic symbionts of invertebrates (Petersen et al., 2016).

An individual stable isotope composition derives then from its food sources, and isotope
composition of multiple individuals can be used to depict the trophic role of that species, i.e. its
trophic niche. The position of the species in §'3C- 8!°N bi-plots with species (or individuals and
populations) is used to infer aspects of the food web structure with more quantitative measures
focusing in one consumer of interest. More recently, community-wide metrics were described to
help illustrating how individual species’ niches and dispersion of those niches drive variation in
important aspects of trophic structure (Layman et al., 2007) including at methane seeps (Levin et
al., 2015, 2013).

At methane seeps, chemosynthetic production can have isotopic compositions distinct (e.g.
light 8'*C) from those of photosynthetic production, which normally has heavier 8'3C values (-
15%o to -25%o; Fry & Sherr, 1984). ANME consortia typically have 8'3C values of -30%o to -100%o
for archaeal cells and -15%o to -70%o for associated symbiotic SRB (House et al., 2009; Orphan et
al., 2002). These distinct carbon isotopic compositions provide a model system to explore trophic
interactions at methane seeps (Thurber et al., 2012; Levin & Michener, 2002), allowing us to
examine the dependency of animals on methane-derived carbon. By analyzing animal tissue and
carbonate rock isotope values, Levin et al. (2015) compared trophic resource use of whole-
assemblages on carbonates from the Costa Rica margin as a function of seepage activity, location
and habitat. They observed that the nutritional heterogeneity introduced by carbonates has a
substantial contribution to the diversity of macrofauna with a broad range of feeding modes. Grupe

(2014) also observed shifts in isotope composition of macrofaunal on carbonates with different



zones of the seep with low mean §'3C values for macrofaunal from carbonates, which were the

lowest at the seep center, and highest for those from sediments.

2  OBJECTIVES

This study examines the dynamics and resilience of macroinvertebrates on carbonate rocks
and how species diversity and trophic diversity respond to changes in seepage gradients, which
correspond to chemosynthetic production. We analyzed composition, density, and trophic
structure of invertebrates on carbonate rocks at a methane seep site off the coast of Coast Rica
(Mound 12 at ~1,000 m depth) (i) along natural seepage gradients, (ii) among colonizers of newly
placed rocks, and (iii) on transplanted rocks, to test the overarching hypothesis that seepage
activity plays a major role in defining the communities and their trophic structure, and to identify
the relevant time and space scales of response. The answers to the questions raised here will give
us a better understanding of the sphere of influence of the seep on deep-sea background
communities, described by Levin et al. (2016).

By conducting one mensurative experiment and three kinds of manipulative experiments
we aimed to observe (1) community differences that occur naturally on carbonates under different
seepage regimes; (2) the capacity of the animals to colonize defaunated rocks deployed at sites
with different seepage activities (rock colonization experiment); (3) the persistence or recruitment
of animals when rocks are moved to different seepage activities imitating cessation or increase of
seepage (transplant experiment); and (4) the linkage of seeps to other chemosynthetic communities
by deploying organic fall mimics (wood and bone as well as rock) within different seepage

activities (substrate colonization experiment). Finally, we compared the community described here



to previous research at Mound 12 with natural background rocks (Levin et al., 2015), experimental
rocks, bone and wood parcels put out for 10.5 months in Costa Rica (Grupe, 2014), experimental
wood put out for 1-year at seeps in the North Atlantic Ocean (Gaudron et al., 2010), and at Hydrate
Ridge, Oregon, where a transplant experiment with carbonate rocks was also conducted (Levin et
al., 2017).

Specific questions addressed were:

(1) How do invertebrate macrofaunal communities and their trophic structures change

across seepage gradients? Is there interannual variability?

Hypothesis: Communities have higher densities and lower diversity at actively seepage
sites with lower 8'3C values based on C derived from anaerobic oxidation of methane, but are more
diverse at transition sites, where we expect to find animals from both active and inactive sites co-
occurring. As fluid flux can last for extended periods of hundreds of years (Levin et al., 2016), we
do not expect to see major interannual variabilities in chemosynthetic production.

(2) Can macrofauna colonize hard substrates and fully recover natural patterns of

community composition and trophic structure across seepage gradients within 7 years?

Hypothesis: Grupe (2014) observed that the macrofaunal community was able to colonize
carbonate rocks and recover density, biomass, and dominant species within one year, but it did not
develop species richness and a food web comparable to that on in situ carbonate rocks. We
hypothesize that 7 years is enough time for the community to fully recover its composition and
trophic structure.

(3) Do seep and background invertebrate macrofaunal communities on hard substrate have

different responses and persistence under low and high seepage activity? What are the

drivers of these responses?



Hypothesis: Seep species rely on methane-derived carbon associated with active seepage.
When transplanted to sites with lesser seepage activity, mimicking seepage cessation, they do not
persist due to a lack of their food source. Background communities are able to colonize and thrive
on transplanted carbonate rocks at lesser seepage activity, using the rocks as a food source or
attachment. Background fauna on rocks transplanted to sites with active seepage are hypothesized
to face toxic environments and not persist. Thus, fluid flux and food availability are hypothesized
to drive macrofaunal responses to changes in seepage activity.

(4) Do methane seeps function as areas of interaction among chemosynthetic ecosystems?

Hypothesis: Seepage activity plays a major role in defining macrofaunal community
composition and its trophic structure on different types of hard substrate. Macrofaunal
communities on rocks (methane seeps), bones (whale falls) and wood (wood falls) are predicted
to be more similar at active sites, where seepage activity plays a major role in defining macrofaunal
community composition and its trophic structure on different types of hard substrate. But at
transition sites, the decay of bones and wood should dominate, and the macrofaunal community

will be more similar of that of organic falls than seep communities.

3 STUDY AREA

The Pacific margin of Costa Rica is an offshore convergent margin exhibiting evidence for
subduction and erosion of continental material (Sahling et al., 2008), where the Cocos Plate
subducts beneath the Caribbean Plate at a rate of nearly 90 mm/yr (Kimura et al., 1997). Fluid
venting has long been documented in the area (McAdoo et al., 1996), and methane is frequently

observed migrating from the sediment to the water column (Mau et al., 2007). Later, sites with



chemosynthetic communities and authigenic carbonates, both indicators of seepage of methane-
rich fluids, were discovered (Sahling et al., 2008; Sibuet & Olu, 1998) and new sites are continually
being discovered (e.g. Jan 2019 FK190106). There is now evidence for more than 100 seep sites
along 580 km of the Costa Rica margin (Sahling et al., 2008). Carbonate mounds rise up to 100 m
above the seafloor (Sahling et al., 2008), and 85.7% of the mound volume can be comprised of
authigenic carbonates (Klaucke et al., 2008). Seeps were found associated with mounds, faults,
subduction scars, and landslides, and almost all of the rock samples from previous studies were
methane-related authigenic carbonates (Sahling et al., 2008).

Among these seep sites, Mound 12 (8 55.8’N, 84 18.7°W, Figure 1) is located on the
Southeast Costa Rica margin at 990-1000 m water depth (Mau et al., 2006), just below the oxygen
minimum zone (Levin et al., 2015). It has been described as a mud volcano (Moerz et al., 2005)
that is 30 m high with diameters of about 1-1.6 km. Mudflows suggest that it is a frequently active
site (Niemann et al., 2013), with a main active area Southwest of the mound (Mau et al., 2006).
Slope sediments intercalated with these mudflows indicate an alternation of seepage with low-
activity phases (Niemann et al., 2013), as observed by Mau et al. (2007) within a period of 12
months. Previous studies measured high concentrations of methane in the overlaying waters,
indicating that a significant portion of seeping methane escapes into the water column (Mau et al.,

20006).
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Figure 1: Location of Mound 12, a methane seep off the pacific margin of Costa Rica.

The Mound 12 bottom is characterized by mixed carbonates, hemipelagic sediments and
mud extrusions. Carbonate rocks can host annelids, crustaceans, mollusks, and cnidarians, and
carbonate assemblages that are different than those in the surrounding sediments (Levin et al.
2015). The macrofaunal community on carbonates varies with seepage activity, showing higher
densities and species richness at active sites. Gastropods dominate at active sites, while transition
sites are dominated by crustaceans and cnidarians (Levin et al., 2015). Although we have a good
understanding of the carbonate rock community composition at Mound 12, questions on seep and
background community response to environmental changes (both natural and anthropogenic), and

the time and spatial scales to which they react remain unanswered.

4 METHODS
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4.1 Sampling

Carbonate rocks were sampled at Mound 12 off the Pacific margin of Costa Rica during
two research cruises aboard the RV Atlantis (May to June 2017 — AT37-13 — and October 2018 —

AT42-03) using the submersible Alvin (Table 1).

Table 1: Summary of average Mound 12 site characteristics and number of rocks collected at Mound 12 on research
cruises in 2017 and 2018.

. s e Temperature Oxygen . No.
Cruise Alvin Dives Dates °C) (M) Salinity Rocks
4906, 4907
2017 ’ ’ May 21-23,
(AT37-13) | 4908, 4910, 25, Jun. 2 4.93 27.01 34.59 17
4917
dois | do7s,dos, | 06t 202124
(AT42-03) | 4985 4087, | 071 NOv-2 5.23 24.60 34.57 38
4989

* Total number of rocks collected, including experimental rocks.

Unmanipulated samples (in situ) were taken at sites with different seepage activity when
possible (Table 2). High activity level was defined visually by the presence of microbial mats,
methane bubbles or seep megafauna (bathymodiolin mussels, vesicomyd clams, and/or siboglinid
tube worms), as previously done by Levin et al. (2015). The rocks were placed into individual
containers of Delrin bioboxes on the Alvin basket to avoid cross contamination during recovery,
and they were used as control samples for three experiments:

(1) Rock Colonization experiment. To test the dynamics and colonization rate of seep and
non-seep communities, defaunated rocks were deployed in active and transition seepage regimes
for 7 years.

(2) Transplant experiment (Figure 2). Carbonate rocks were moved by the HOV to different

seepage conditions with exposure for 17 months. These experiments addressed the roles of seepage
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in determining biological patterns and dynamics of methane seep fauna and the rates and trajectory
of community response.

(3) Substrate Colonization experiment. Bone and wood parcels were deployed in active
and transition seepage regimes for 7 years to test the interaction between the methane seep and
different chemosynthetic ecosystems (whale and wood falls).

Along with the collection of rock samples, the combined use of Alvin, AUV Sentry, and
CTD casts provided a three-dimensional picture of oceanographic variables, such as temperature,
salinity, dissolved oxygen, and imagery. To characterize particulate organic carbon (POC) stable
isotope composition for constraining food webs, surface (0-5 m) and bottom waters (< 15 m above

the seafloor) were sampled at each station using 2-4 L of water collected in a Rosette on a CTD.

Table 2: Substrates for which macrofaunal community data were generated at Mound 12, Costa Rica margin. The
number of substrates that contributed individuals to isotope analysis is shown in parentheses. The in situ carbonates
were collected during both 2017 and 2018 cruises. The colonization experiments were deployed for 7 years (deployed
in January 2010, recovered in May 2017), and the transplant experiment was conducted for 17 months (start in May
2017, recovered in October 2018). See Appendix 1 for definition of terms.

Transition

Active (Inner and Outer) Background | Total

In situ carbonate rock 15 11 26

Colonization Experiment (7 years)

Carbonate rock 4 4 8
Cow Bone 2 2 4
Wood (Douglas Fir) 4 4 8
Transplant Experiment with carbonate rocks (17 months)

Active to Inner Transition (A-IT) 6 6
Active to Outer Transition (A-OT) 5 5
Active to Background (A-B) 5 5
Inner Transition to Active (IT-A) 5 5
Inner Transition to Outer Transition (IT-OT) 5 5
Inner Transition to Background (IT-F) 5 5

TOTAL 78
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Figure 2: Experimental design of the transplant experiment conducted with carbonate rocks at Mound 12 for 17
months from June 2017 to October 2018.

4.2 Sample processing

4.2.1 Onboard processing

Substrates were photographed intact upon recovery and then were wrapped in aluminum
foil to determine the approximate rock surface area later in the laboratory (see section 4.2.2). The
associated fauna was removed, and the remaining substrate was placed in cold filtered seawater
and left at room temperature overnight for additional infauna to crawl out. These were sieved to
0.3 mm (and 0.042 mm) and preserved in 96% ethanol to be sorted in the laboratory. Subsamples
The substrates were then left to dry out. The associated fauna removed upon recovery was sorted
to lowest possible taxonomic level using a dissecting microscope and tissue subsamples from three
specimens of each species were collected for stable isotope analyses to examine their relative
reliance on seep productivity and changes in trophic structure (Levin & Mendoza, 2007). The

tissue subsamples were washed in mili-Q water, placed in pre-weighed tin capsules or sterilizes
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glass vials (combusted at 500°C for 4 hours) and frozen at -80°C. If large enough, the remaining
portion of the animal was frozen as backup and potentially for final identification in the laboratory
using morphological and genetic markers. Surface (0-5 m) and bottom waters (< 15 m above the

seafloor) were filtered through a glass microfiber filter, and the filter was frozen at -80°C.

4.2.2 On land laboratory processing

In the laboratory at Scripps Institution of Oceanography, the aluminum foil was weighed
using a top-loading balance to an accuracy of two decimal places in milligrams. The total weight
of the foil was divided by the average weight of a 1 cm? piece of foil to determine the approximate
rock surface area in cm?. Samples in jars were resieved using a 0.3-mm mesh, and sorted in
freshwater at 12x magnification under a dissecting microscope. The specimens were identified to
lowest taxonomic level possible and counted. Individuals in the most common phyla at methane
seeps, Annelida and Mollusca, were identified at the family level. Crustaceans were identified at
the order or infraorder level, cnidarians at the order level, and echinoderms at the class level. The
least abundant groups, Nemertea, Platyhelminthes and Pycnogonida, were identified to phylum.
The numbers of animals that were removed at sea upon recovery were added to the laboratory total
counts. The specimen tissue subsamples collected for isotope analyses were oven-dried at 60°C
overnight, weighed and acidified with 1N phosphoric acid to remove inorganic carbon. Stable
isotope measurements (3'3C, 8!°N) were made on 0.2-1 mg of dry weight and carried out using a
Costech elemental analyzer coupled to a Micromass Isoprime isotope ratio mass spectrometer
(EA/IRMS) at Washington State University (WSU). The glass microfiber filters were also sent to

WSU for stable isotope measurements of the POC.
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4.3 Data syntheses and statistical analyses

Density of the total macrofaunal community and individual species were calculated by
dividing the number of animals on each substrate by its surface area and multiplying by 200 to get
a density value per 200 cm? as in previous literature (Levin et al., 2015). Density data sets were
tested for normality and homogeneity of variance. As not all of them showed normal distribution
nor homogeneous of variance, non-parametric tests were performed. Wilcox tests were performed
to check for variability of densities between seepage activity, years, and experiments for data sets
with two factors. For data sets with more than two factors, Kruskal-Wallis tests followed by
Dunn’s tests using the Benjamini-Hochberg adjustment (Benjamini & Hochberg, 1995) were
performed instead.

Community composition was analyzed by percent composition and density per 200 cm? by
taxonomic group, as percentages do not reflect sample sizes. Community composition data were
standardized by the total number of individuals and fourth-root transformed. Multi-dimensional
scaling of Bray-Curtis dissimilarities, two-way ANOSIM and two-way SIMPER analyses were
performed using Primer7 (Clarke & Gorley, 2015). Taxonomic groups were ranked by abundance
to identify similarities in dominant and rare species for in situ communities and experimental
communities.

Stable isotope statistical analyses were performed using the R software program (R Core
Team 2016). Stable isotope data sets were tested for normality and homogeneity of variance. As
not all of them showed normal distribution nor homogeneous variance even after log transforming,
non-parametric tests were performed. To check for variability of isotope composition between

sites, year of collection, and experiments, Wilcox tests were performed for the data sets with two
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factors and Kruskal-Wallis test followed by Dunn’s test using the Benjamini-Hochberg adjustment
(Benjamini & Hochberg, 1995) were performed for data sets with more than two factors.
Community-level isotope metrics (Layman et al., 2007) were generated using Stable
Isotope Bayesian Ellipses in R (SIBER) package (Jackson et al., 2011). Standard elliptical area
(SEA) and standard elliptical area corrected for sample size (SEAc) were calculated representing
relative isotopic niche areas in bivariate §!°C and 8'°N space. Trophic diversity was calculated as
8!3C and 8'°N ranges and total hull areas (TA). Species packing was determined through
measurement of mean distance to centroid (CD) and mean nearest neighbor distance (MNND).
Similarities in trophic resource use among communities were determined by computing pairwise
ellipse overlaps among seepage activity, substrates and experiments. Bayesian posterior estimates
of the ellipses were calculated using 2 chains of 20,000 iterations with a burn-in of 1,000 and
thinning of 10. Mean overlap was then expressed as a proportion of the non-overlapping area of

the two ellipses (Stewart et al., 2017).

S RESULTS

5.1 Natural community changes along seepage gradients: in situ carbonate rocks

The density of invertebrate macrofauna on in situ carbonate rocks (Figure 3) was not

significantly different between 2017 and 2018 at active sites (Wilcox test, W = 26, p-value = 0.052)

and at transition sites (Kruskal-Wallis, Chi-squared = 3.1182, df = 2, p-value = 0.21), nor among

seepage activity in both years (2017: Wilcox test, W = 17, p-value = 0.11; 2018: Kruskal-Wallis,

Chi-squared = 3.8182, df = 2, p-value = 0.15). However, while in 2017 the average density was
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more than 4 times higher at active sites than at transition sites, in 2018, there was a clear parabolic

pattern in average density with increasing distance from the seep (Figure 3).
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Figure 3: Average + one standard error density of macrofaunal invertebrate community on in sifu rocks collected
across seepage gradient at Mound 12 in 2017 (purple) and 2018 (orange).

Although density did not differ significantly, the macrofaunal community composition was
significantly different between 2017 and 2018 (Two-Way ANOSIM, Global R = 0.339, p-value =
0.001; Figures 3-5), and the groups that contributed to that dissimilarity were more abundant in
2017 (Table 3), they were: Lepetodrilidae (6.93% contribution to dissimilarity), Neolepetopsidae
(4.21%), Cataegidae (4.20%), Ophiuroidea (3.91%), Anomura (3.85%), Serpulidae (3.79%),
Hesionidae (3.72%), Pyropeltidae (3.69%), Tanaidacea (3.66%), and Amphinomidae (3.64%;
SIMPER, average dissimilarity = 67.32; Appendix 3.1).

Seepage activity also significantly affected the whole assemblage composition of the
community (Two-Way ANOSIM, Global R = 0.397, p-value = 0.001). In 2017, active sites were

dominated by gastropods (51.60% limpets and 36.52% snails). At transition sites, annelids were
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the dominant group (43.97%), although their higher percent contribution was a result of a decrease
in mollusks, rather than an increase in annelids (Figure 3). Gastropods were the second most
abundant group at transition sites with 30.62%, followed by 9.45% peracarids and 6.84%
echinoderms. The groups that contributed to the dissimilarity between the communities at active
and transition sites were Amphipoda (4.93% contribution to dissimilarity), Tanaidacea (4.17%),
Ophiuroidea (4.10%), Serpulidae (3.89%), Chrysopetalidae (3.69%), and Hydroidolina (3.36%)
present mainly at transition sites (Table 3A), and the gastropod in the families Neolepetopsidae
(4.24%), Provannidae (3.72%), Cataegidae (3.55%), and Anomura (3.31%) present mainly at
active sites (SIMPER, average dissimilarity = 68.12; Table 3A, Appendix 3.2).

In 2018, there was a composition change with increasing distance from the active seep
from an annelid-gastropod dominated community (53.52% annelids and 22.93% gastropods) to an
annelid dominated community at inner transition sites (82.96%; Figure 4), while the annelid
composition also changed. Chrysopetalids, syllids, and maldanids were the most abundant annelids
at inner transition sites (Table 3B), and they contributed to 14.28% dissimilarity between active
and inner transition sites (Appendix 3.3). Hesionids and lacydoniids were the most abundant
annelids at active sites (Table 3B), contributing 6.66% of the dissimilarity between active and
inner transition (Appendix 3.3). Gastropods mainly present at active sites (Figure 4, Table 3B) also
had significant contribution to the dissimilarity between active and inner transition sites
(Provannidae: 4.48%, Cataegidae: 3.68%, Neolepetopsidae: 3.50%; SIMPER, average
dissimilarity = 68.45; Appendix 3.3). Even further from active seepage (at outer transition sites),
the community loses some groups of annelids (e.g. Amphinomidae, Serpulidae, Lacydoniidae,
Ampharetidae, Polynoidae, Terebellidae), and the ones present mainly at inner transition sites

(Syllidae, Serpulidae, Amphinomidae, and Lacydoniidae; Table 3B) contributed 15.48% of the
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dissimilarity between inner transition and outer transition sites. Besides the annelid composition
difference, cnidarians and peracarids were better represented at outer than inner transition sites
(16.28% and 23.54%, respectively; Figure 4), and, among these, the groups that also contributed
to dissimilarity between inner and outer transition sites were Hydroidolina (5.73% contribution to

dissimilarity) and Amphipoda (4.44%; SIMPER, average dissimilarity = 63.79%; Appendix 3.4).
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Figure 4: Macroinvertebrate (A) composition and (B) density of individuals by taxon on in situ carbonate rocks
collected across seepage gradients at Mound 12 in 2017 and 2018.
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Figure 5: Multi-dimensional scaling analysis of the macrofaunal invertebrate community on in situ rocks collected
across seepage gradients at Mound 12 in 2017 (purple) and 2018 (orange).

Table 3: Top ten taxa based on densities on in situ carbonate rocks collected across seepage gradient at Mound 12 in
(A) 2017 and (B) 2018. Raw density data are given in Appendix 2.1.

A. 2017
Active % Transition %
Provannidae 30.16 | Serpulidae 17.53
Lepetodrilidae 25.53 | Chrysopetalidae 9.74
Neolepetopsidae 22.14 | Neolepetopsidae 9.74
Skeneidae 5.14 | Provannidae 7.79
Pyropeltidae 3.94 | Amphipoda 6.82
Anomura 1.21 | Ophiuroidea 6.82
Nuculanidae 1.21 | Lepetodrilidae 6.82
Ampharetidae 1.17 | Hydroidolina 4.55
Hesionidae 1.13 | Cataegidae 4.22
Serpulidae 1.05 | Hesionidae 3.25
92.67 77.27
B. 2018
Active % Inner transition % Outer transition %
Cataegidae 11.97 | Chrysopetalidae 56.51 | Chrysopetalidae 23.64
Lacydoniidae 8.45 | Syllidae 6.62 | Hydroidolina 21.82
Hesionidae 7.75 | Trombidiformes 5.08 | Amphipoda 16.36
Tanaidacea 7.04 | Maldanidae 3.97 | Hesionidae 7.27
Provannidae 4.93 | Amphipoda 2.87 | Maldanidae 5.45
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Table 3 continued.

B. 2018
Active % Inner transition % Outer transition %
Amphinomidae 4.23 | Amphinomidae 2.21 | Phyllodocidae 3.64
Dorvilleidae 4.23 | Hesionidae 1.77 | Syllidae 3.64
Chrysopetalidae 4.23 | Hydroidolina 1.77 | Ostracoda 3.64
Ophiuroidea 4.23 | Lacydoniidae 1.55 | Dorvilleidae 1.82
Neolepetopsidae 4.23 | Serpulidae 1.10 | Flabelligeridae 1.82
61.27 83.44 89.09

Macrofaunal stable isotope composition of invertebrates on in situ rocks varied across
seepage gradients and between years (Table 4A, Figure 6). In 2017, mean 8'3C and 8'°N values
were significantly lower for macrofauna at active sites (8'3C = -36.28 + 1.64, !°N = 3.55 + 1.03),
and higher at transition sites (8'°C = -27.88 £ 2.96, §'°N = 9.18 + 1.42) (6'3C: Wilcox test, W =
825, p = 0.005, 8'°N: Wilcox test, W = 454.4, p-value < 0.0001). In 2018, the same pattern was
observed (8!°C: Kruskal-Wallis, chi-squared = 19.358, df = 2, p-value < 0.0001, 8'°N: Kruskal-
Wallis, chi-squared = 12.386, df = 2, p-value = 0.002); macrofauna at active sites showed lower
8!3C and 8'°N values (8"°C =-36.19 + 1.29, 3'°N = 6.24 + 0.84) than at inner transition (8'*C = -
33.70 £ 2.72, 8N = 7.87 + 0.64) (8!3C: Dunn’s test, z = -2.5219, p-value = 0.005, §!°N: Dunn’s
test, z = -2.4124, p-value = 0.01), and outer transition (8!3C = -25.57 + 0.01, 8'"°N = 9.44 + 0.27)
(33C: Dunn’s test, z = -4.0541, p-value = 0.0001, 8'"°N: Dunn’s test, z = -3.0116, p = 0.004).
Carbon isotope composition was also lower at inner transition sites than at outer transition sites
(33C: Dunn’s test, z = -2.6428, p-value = 0.006), but nitrogen isotope composition was not
significantly different (3!°N: Dunn’s test, z = -1.6858, p-value = 0.05; Table 4A).

At active sites, carbon isotope composition was not significantly different between 2017
and 2018 (Wilcox test, W = 2019.5, p-value = 0.27), but nitrogen was two times higher in 2018

than in 2017 (Wilcox test, W = 1433.5, p-value = 0.0002; Table 4A). The opposite was found at
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transition sites, where nitrogen isotope composition was not significantly different between years
(Kruskal Wallis, chi-squared = 3.4479, df = 2, p-value = 0.18), but carbon isotope composition
was (Kruskal-Wallis, Chi-squared = 8.2972, df = 2, p-value = 0.01), with slightly higher values at
outer transition sites in 2018 (8'°C = -25.6 + 0.1) than transition sites in 2017 (3'3C =-27.9 £2.9;

Dunn’s test, z = -2.5519, p-value = 0.008; Table 4A).

Table 4: Mean + 1 standard error isotope values (%o) of macrofauna on (A) in situ carbonate rocks collected across
seepage gradients at Mound 12 in 2017 (AT37-13) and 2018 (AT42-03), (B) carbonate rock, bone and wood deployed
at active and transition sites for 7 years (2010-2017), and (C) carbonate rocks transplanted across seepage activity for
17 months (2017-2018).

| 8B3C (%) | 8N (%)
A. In situ carbonate rock
2017 Active -36.3+£1.6 35+1.0
2017 Transition -27.9+2.9 92+1.1
2018 Active -36.2+1.3 6.2+0.8
2018 Inner Transition -33.7+2.7 7.9+0.6
2018 Outer Transition -25.6 £ 0.1 9.4+0.3
B. Colonization experiment (7 years)
Carbonate rock Active -33.4+£27 1.3£1.0
Carbonate rock Transition -29.8+ 1.8 7.4+0.6
Cow Bone Active -27.1+0.6 45+0.3
Cow Bone Transition -28.3 +3.1 6.3+£0.5
Wood Active -35.0£22 20+0.5
Wood Transition -26.7+2.2 6.2+0.3
C. Transplant Experiment with carbonate
rocks (17 months)
Active to Inner Transition (A-IT) -37.0+ 4.6 6.8t 1.6
Active to Outer Transition (A-OT) -37.7+4.3 83+1.0
Active to Background (A-B) -4534+9.2 6.2+1.2
Inner Transition to Active (IT-A) -39.1+3.9 59+13
Inner Transition to Outer Transition (IT-OT) -29.4+5.1 9.3+£0.8
Inner Transition to Background (IT-B) 242+ 1.4 99+1.4
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Figure 6: (A) 8'°C and (B) 6'°N values (%o) of macrofaunal invertebrates on in sifu rocks collected across seepage
gradients at Mound 12 in 2017 (purple) and 2018 (orange). Boxplots visualize five summary statistics: the median,
two hinges (the 25" and 75" percentiles), and two whiskers (which extend from the hinge to the largest/smallest value
at 1.5x the inter-quartile range), as well as outlying points individually. See statistical tests in Appendix 6.1.

Mean 3'3C values were different among taxa (Table 5, Appendix 5.1) in 2017 at active
(Kruskal-Wallis, Chi-squared = 24.364, df = 7, p-value < 0.001) and transition sites (Kruskal-
Wallis, Chi-squared = 12.322, df = 7, p-value = 0.09), but were not significantly different in 2018
at any site (Active: Kruskal-Wallis, Chi-squared = 11.339, df = 8, p-value = 0.18; Inner transition:
Kruskal-Wallis, Chi-squared = 12.745, df = 7, p-value = 0.08; Outer transition: Kruskal-Wallis,
Chi-squared = 2.7857, df = 2, p-value = 0.25). While mean 8'°N values were different among taxa
at active sites in 2017 (Kruskal-Wallis, Chi-squared = 22.849, df = 7, p-value = 0.002) and 2018
(Kruskal-Wallis, Chi-squared = 17.668 df = 8, p-value = 0.02), they were not significantly different
at any transition site (Transition 2017: Kruskal-Wallis, Chi-squared = 11.562, df = 7, p-value =

0.11; Inner transition 2018: Kruskal-Wallis, Chi-squared = 10.432, df = 7, p-value = 0.16; Outer
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transition 2018: Kruskal-Wallis, Chi-squared = 4.5, df = 2, p-value = 0.10). Pairwise comparisons
are shown in Appendix 6.11.

Mean stable isotope values varied differently across seepage gradients and between years
for the different taxa (Table 5A). In 2017 8'°N values of annelids were twice as low at active than
transition sites (Wilcox test, W = 122, p-value < 0.001) and 3'3C values of limpets were 60% lower
at active than transition sites (Wilcox test, W = 52, p-value = 0.02), but isotope values did not
differ across seepage gradients for the other taxa (Appendix 5.1, statistical tests in Appendix 6.4).
In 2018, mean 8'*C and 8!°N values were not significantly different among seepage activities for
any taxon (Appendix 5.1, statistical tests in Appendix 6.5).

At active sites, mean 8'3C values were not significantly different between years for the
different taxa (Table 5), except for echinoderms, which had values twice as low in 2018 (Wilcox
test, W = 3, p-value = 0.50). !°N values were 45% and 65% higher in 2018 for annelids (Wilcox,
W =248, p-value = 0.01) and cnidarians (Wilcox, W = 0, p-value = 0.50), respectively, and 1%eo
lower in 2018 for echinoderms (Wilcox test, W = 3, p-value = 0.50), but not different for the other
taxa (Appendix 5.1). (See Appendix 6.6 for statistical tests).

At transition sites, mean 3'3C and 3'°N values were not significantly different between
years for the different taxa (Table 5), except for 8!°C values of cnidarians (Kruskal-Wallis, Chi-
squared = 6.5693, df = 2, p-value = 0.03), although no difference was found when looking at

pairwise comparisons (Dunn’s tests, p-values > 0.025). (See Appendix 6.7 for statistical tests).
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Table 5: Mean + standard error isotope values (%o) by major taxa of the macrofauna community on in situ carbonate
rocks collected across seepage gradients at Mound 12 in (A) 2017 (AT37-13) and (B) 2018 (AT42-03). Superscripts:
Pairs in which there was a significant difference (p-value < 0.05) based on Wilcox tests (p-value < 0.05) or Dunn’s
test using Benjamini-Hochberg adjustment (p-value < 0.025). See Appendix 6.4-6.7 for statistical tests.

Year/Taxa Mean isotope values by seepage activity
AL 2017 _ Active _ _ Transitiorll5
0"°C (%o0) 0N (%o0) 0"°C (%o) 0"°N (%o)

Annelida -359+1.2 4.6+0.8" -36.1+4.2 9.6+0.9!
Cnidaria -30.3£2.5 35+33 297+ 1.5 73+£1.6
Eucarida -28.5+1.2 52+0.5 -29.8+4.7 8.9+0.6
Peracarida - - -29.1 £4.7 8.7+0.6
Echinodermata -19.8 6.9 -22.1+£34 34+1.6
Bivalvia -56.7+20.4 -7.8+2.9 - -
Gastropoda:Snail -38.3+0.8 49+£04 -35.5+39 6.2+0.9
Gastropoda:Limpet | -43.2 +2.5? 27+04 -29.9 + 1.7 47+13
Other macrofauna -36.1+7.9 79+1.2 -46.5+£3.2 74+1.2
B. 2018 Active Inner Transition Outer Transition

) 813C (%o) "N (%o) 313C (%o) 35N (%o) 313C (%o) "N (%o)
Annelida -36.9+1.9 6.7 £0.6° 320+1.5 8.7+£0.7 -26.9+1.0 11.3+1.7
Cnidaria -30.4 11.5 282 +1.1 8.5+0.7 0.8+0.5 83+0.5
Eucarida -21.1 7.5 - - - -
Peracarida -33.1+6.1 94+23 274+2.1 6.3+£0.8 -24.1 11.0
Echinodermata 292+ 1.6 5.6£0.8 -33.2+34 5.8+£0.7 - -
Bivalvia -36.8 -10.4 -30.4 10.9 - -
Gastropoda:Snail -37.1+£14 5.7+£0.7 -38.2+5.6 7.1+1.1 - -
Gastropoda:Limpet | -42.1+3.3 29+0.9 -33.0+94 54+£18 - -
Other macrofauna -37.3 4.5 -49.5+£2.0 6.3+0.6 - -

Active sites showed higher ranges of food sources, more trophic levels, and higher trophic
diversity than transition sites in both years (Table 6). Within active sites, trophic diversity was
higher in 2017 than in 2018 (Figure 7A-B, Table 6). In 2018, community trophic structure was
more similar between fauna at active sites and inner transition sites, and less similar between active
sites and outer transition sites. In a comparison of 2017 and 2018 data, trophic structure on in situ

carbonate rocks was also more similar for active sites than transition sites (Figure 8).
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Figure 7: Dual isotope plots of the macrofaunal invertebrate community trophic niche on (A) in situ carbonate rocks
collected at active and transition sites at Mound 12 in 2017, (B) in situ carbonate rocks collected across seepage
gradient in 2018, (C) experimental carbonate rocks, (D) cow bones, and (E) wood deployed for 7 years (2010-2017)
at active and transition sites at Mound 12. Dashed line: Total hull area Solid line: Corrected standard ellipse area. Raw

data in Appendix 7.
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Table 6: Average community metrics for the isotopic niche of the macrofauna community on in situ carbonate rocks
(A) collected across a seepage gradient at Mound 12 in 2017 (AT37-13) and 2018 (AT42-03), (B) on experimental
carbonate rocks, cow bones and wood deployed for 7 years (2010-2017) at active and transition sites at Mound 12,
and (C) on experimental carbonate rocks transplanted across seepage gradient for 17 months (2017-2018). TA: Total
area; CD: Mean distance to centroid; MNND: Mean nearest neighbor distance; SDNND: Standard deviation of nearest
neighbor distance; SEA: Standard ellipse area; SEAc: Standard ellipse area corrected for sample size. Raw data in
Appendix 7.
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Figure 8: Proportional overlap between isotopic niche areas based on Bayesian estimates of standard ellipse areas
corrected for sample size of macrofaunal invertebrates on in situ carbonate rocks collected at Mound 12 at active and
transition sites in 2017 (AT37-13) and at active, inner transition and outer transition sites in 2018 (AT42-03). (A)
Comparisons between seepage activity within year, (B) Comparisons between years within seepage activity. Boxplots
visualize five summary statistics: the median, two hinges (the 25" and 75™ percentiles), and two whiskers (extend
from the hinge to the largest/smallest value at 1.5x the inter-quartile range), as well as outlying points individually.

5.2 Colonization patterns on carbonate rocks: Rock colonization experiment

Defaunated carbonate rocks were deployed at active and transition sites at Mound 12 for 7
years (2010-2017) to test the dynamics and recovery rate of invertebrate macrofaunal communities
over periods longer than previously studied at seeps. The density of invertebrate macrofauna on
experimental carbonate rocks deployed for 7 years (2010-2017) (610.7 + 125.4/200 ¢cm?) was more
than twice as high as on in sifu rocks in 2017 at active sites (238.7 + 67.3/200 cm?) (Wilcox test,
W =0, p-value = 0.03), while at transition sites densities on experimental rocks (56.5 = 25.7/200
cm?) and in situ rocks (57.9 + 16.5/200 cm?) were not significantly different (Wilcox test, W = 8,
p-value = 1.00; Figure 9). For experimental rocks, density was more than 10 times higher at active

than transition sites (Wilcox test, W = 12, p-value = 0.05; Figure 9).
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Figure 9: Average + one standard error density (individuals per 200 cm?) of macrofaunal invertebrates on in situ
carbonate rocks (purple) collected across seepage gradient at Mound 12 in 2017 and 2018, and on experimental
carbonate rocks (blue) deployed for 7 years (2010-2017).

The taxonomic composition of the carbonate colonizing communities was not significantly
different than that of the communities on in situ rocks (ANOSIM, Global R = -0.012, p-value =
0.48), although the similarity between 7-year colonization community and the in situ community
was greater at active sites (SIMPER, average similarity = 46.43) than at transition sites (SIMPER,
average similarity = 35.08; Figures 10-11). However, seepage activity had an effect on the
composition of the community on colonization rocks (ANOSIM, Global R = 0.464, p-value =
0.004). The community on colonization rocks at active sites was dominated by gastropods (45.04%
limpets and 33.70% snails), and was more diverse at transition sites, where annelids were the
dominant group (37.89%), followed by limpets (16.77%) and echinoderms (14.29%; Figure 10).
Snails were also well represented at transition sites (8.70%; Figure 10), and gastropods overall
were the main group contributing to the dissimilarity between communities at active and transition

sites (Provannidae = 5.01%, Neolepetopsidae = 4.52%, Lepetodrilidae = 4.47%, Pyropeltidae =
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3.18% and Cataegidae = 3.15%; SIMPER, average dissimilarity = 72.38; Appendix 3.5) as they

tend to prefer active seepage (Table 7A).
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Figure 10: (A) Composition and (B) density (indiv. per 200 cm?) by taxon of macrofaunal invertebrate community on
in situ rocks collected at active and transition sites at Mound 12 in 2017 and on experimental carbonate rocks deployed
for 7 years (2010-2017).
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Figure 11: Multi-dimensional analysis of the macrofaunal invertebrate community on in situ rocks (purple) collected
at active and transition sites at Mound 12 in 2017 and 2018 and on experimental carbonate rocks (blue) deployed for
7 years (2010-2017).

Table 7: Top ten taxa based on densities on in sifu carbonate rocks collected on experimental (A) carbonate rocks, (B)
bones, and (C) wood deployed for 7 years (2010-2017) at active and transition zones at Mound 12. Raw density data
in Appendix 2.2.

A. Colonization Carbonate rock
Active % Transition %
Lepetodrilidae 33.61 Ophiuroidea 14.29
Provannidae 27.58 Neolepetopsidae 11.80
Ampharetidae 8.01 Serpulidae 9.94
Neolepetopsidae 7.89 Amphipoda 6.21
Anomura 6.79 Aplacophora 4.97
Hyalogyniridae 5.99 Phyllodocidae 4.35
Pyropeltidae 3.54 Cataegidae 4.35
Mytilidae 1.69 Lepetodrilidae 4.35
Phyllodocidae 1.31 Hesionidae 3.73
Hesionidae 0.84 Lacydoniidae 3.11
97.26 67.08
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Table 7 continued.

B. Colonization — Cow Bone
Active % Transition %
Lepetodrilidae 38.67 Hesionidae 22.31
Anomura 20.00 Dorvilleidae 9.92
Pyropeltidae 8.00 Ampharetidae 8.26
Provannidae 6.67 Lacydoniidae 7.44
Neolepetopsidae 6.67 Phyllodocidae 6.61
Ampharetidae 5.33 Tanaidacea 4.96
Dorvilleidae 5.33 Serpulidae 4.13
Cirratulidae 2.67 Capitellidae 4.13
Ophiuroidea 2.67 Provannidae 4.13
Hesionidae 1.33 Amphinomidae 3.31
97.33 75.21
C. Colonization — Wood
Active % Transition %
Lepetodrilidae 39.22 Provannidae 38.48
Provannidae 20.04 Hesionidae 18.67
Skeneidae 13.14 Dorvilleidae 4.76
Anomura 10.90 Lepetodrilidae 4.19
Neolepetopsidae 4.85 Neolepetopsidae 4.00
Pyropeltidae 3.38 Ophiuroidea 3.81
Dorvilleidae 3.28 Amphinomidae 2.67
Mytilidae 1.19 Amphipoda 2.48
Ampharetidae 0.90 Skeneidae 2.10
Hyalogyniridae 0.62 Cataegidae 2.10
97.52 83.24

The macrofaunal community on carbonate rocks deployed for 7 years across seepage
gradients showed a high level of recovery regarding their isotopic composition (Figure 12).
Animals on colonization rocks recovered the same isotopic pattern as on in sifu rocks with lower
mean carbon and nitrogen isotope values at active sites (8!1°C =-33.4 +2.7; §">'N = 1.3 + 1.0) than
at transition sites (3'3C =-29.8 + 1.8; §'""'N = 7.4 + 0.6; 8'°C: Wilcox test, W =244, p=0.02, 3'°N:
Wilcox test, W =79, p<0.0001). At active sites, mean 8'*C was not significantly different between

animals on colonization rocks and on in situ rocks (Wilcox test, W = 1299, p = 0.18; Table 4,
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Figure 12A), but mean §'°N was 3 times higher on in sifu rocks than on colonization rocks (Wilcox
test, W = 2139.5, p = 0.0003; Table 4, Figure 12B) due largely to annelids (Tables 5A, 8A). At
transition zones, both carbon and nitrogen isotopes composition were not significantly different
between animals on colonization rocks and on in situ rocks (8'°C: Wilcox test, W = 268, p = 0.38,

8!°N: Wilcox test, W = 343, p = 0.61; Figure 12).
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Figure 12: (A) 8"3C and (B) 8"°N values (%o) of macrofaunal invertebrate community on in situ carbonate rocks
(purple) collected at active and transition zones at Mound 12 in 2017, and on experimental carbonate rocks (blue)
deployed for 7 years (2010-2017). Boxplots visualize five summary statistics: the median, two hinges (the 25" and
75" percentiles), and two whiskers (extend from the hinge to the largest/smallest value at 1.5x the inter-quartile range),
as well as outlying points individually. See statistical tests in Appendix 6.2.

For the macrofauna on colonization rocks, mean 6'°C and &N values were different
among taxa at active sites (8'°C: Kruskal-Wallis, Chi-squared = 11.849, df = 4, p-value = 0.02;
8'N: Kruskal-Wallis, Chi-squared = 22.402, df = 4, p-value < 0.001), but were not significantly

different among taxa at transition sites (8'3C: Kruskal-Wallis, Chi-squared = 8.7778, df = 5, p-
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value = 0.12; 3'°N: Kruskal-Wallis, Chi-squared = 4.2368, df = 5, p-value = 0.51; Table 8A,
Appendix 5.2). Pairwise comparisons based on Dunn’s tests are shown in Appendix 6.12.

Within colonist groups, seepage activity (active vs transition) had no effect on mean
isotopic composition of limpets (3'3C: Wilcox test, W = 0, p-value = 0.12; 3'N: Wilcox test, W =
1, p-value = 0.27) and snails (3'3C: Wilcox test, W = 4, p-value = 1; §'"°’N: Wilcox test, W = 0, p-
value = 0.13), but it did for annelids, which showed three times lower §!°N values at active sites
(Wilcox test, W = 0, p-value < 0.001; Table 8A, Appendix 5.2, statistical tests in Appendix 6.8).
Mean isotopic composition of the different macrofaunal groups was not significantly different
between colonization rocks and in situ rocks at both active and transition sites, except for annelids,
which showed 2x lower 8'°N values at active sites on colonization rocks than on in situ rocks

(Wilcox test, W = 94, p-value = 0.01; Table 8A, statistical tests in Appendix 6.9-6.10).

Table 8: Mean + standard error isotopic values (%o0) by major macrofaunal taxa on experimental (A) carbonate rocks,
(B) cow bones, and (C) wood deployed for 7 years (2010-2017) at active and transition zones at Mound 12. *:
Significant difference between taxa on colonization rock and on in sifu rocks based on Wilcox tests (p-value < 0.05).

See Appendix 6.8-6.10 for statistical tests.

A. Colonization Active Transition
carbonate rocks 313C (%o) "N (%o) 313C (%o) 15N (%o)
Annelida -352+£22 2.2 +0.5% -35.7+3.9 7.8+13
Eucarida 285+1.7 5.3+2,0 NA NA
Peracarida NA NA 269+ 1.1 82=x1.6
Echinodermata NA NA -234+3.1 68+1.4
Bivalvia 344+£1.2 54+1.1 NA NA
Gastropoda:Snail -36.6 £3.0 4.0+1.2! -40.1+0.2 9.4+0.2!
Gastropoda:Limpet -43.8+4.3 14+1.7 -18.5+4.3 45+09
Other macrofauna NA NA -25.1 7.00
B. Colonization Active Transition

bone 13C (%) "N (%o) 313C (%) "N (%o)
Annelida -19.6 £2.8 29+2.8 -299+3.9 6.2+0.6
Cnidaria NA NA -29.7 6.3
Eucarida 275+1.7 42+0.2 NA NA
Peracarida -22.1 8.00 NA NA
Echinodermata -28.0 4.0 -17.2 4.6
Bivalvia NA NA -34.3 7.6

36




Table 8 continued.

B. Colonization Active Transition

bone 13C (%) "N (%o) 313C (%) "N (%o)
Gastropoda:Snail -304+1.1 4294+0.15 -27.76 7.31
Gastropoda:Limpet -32.4+2.2 4.88 £0.58 - -
Other macrofauna NA - -24.20 £ 0.50 7.26 £5.49
C. Colonization Active Transition

wood 313C (%o) "N (%o) 313C (%o) "N (%o)
Annelida 342+1.2 0.7+2.3 284 +£1.51= 8.8+0.6
Eucarida -344+53 55+0.8 -24.4 1.8
Peracarida NA NA -24.2 4.4
Echinodermata NA NA -264+1.8 42+1.2
Bivalvia -35.8+0.3 -5.3+0.7 -20.2+0.5 46+0.7
Gastropoda:Snail 347+1.7 43+0.8 -36.3+7.3 46+23
Gastropoda:Limpet -37.2+£3.6 3.0+£0.8 NA NA
Other macrofauna NA NA 292 +438 8.3+0.9

Trophic structure similarity between active and transition sites was greater for communities
on in situ rocks (Figure 7A) than on colonization rocks (Figures 7C, 13A), whereas there was an
even higher similarity between communities on in situ rocks in 2017 and colonization rocks at a
given seepage activity (Figure 13B). The community on colonization rocks had greater trophic
diversity at active sites than at transition zones, although it was lower than the trophic diversity of
the community on in situ rocks at active sites in 2017 (Table 6). The opposite trend was observed
at transition zones, where the community on colonization rocks showed larger isotopic niche area

than on in situ rocks in 2017 (Table 6). Proportional niche overlap was similar between in situ

rocks and within seepage activity (Figure 13).
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Figure 13: Proportional overlap between isotopic niche areas based on Bayesian estimates of standard ellipse areas
corrected for sample size of macrofaunal invertebrates on in situ carbonate rocks collected at Mound 12 in 2017 and
experimental carbonate rocks deployed for 7 years (2010-2017) at active and transition sites. Overlap was calculated
was a proportion of the non-overlapping area of the two ellipses. (A) Comparisons between seepage activity, (B)
Comparisons between in situ rocks and colonization rocks within seepage activity. A: Active site, T: Transition site.
Boxplots visualize five summary statistics: the median, two hinges (the 25" and 75™ percentiles), and two whiskers
(extend from the hinge to the largest/smallest value at 1.5x the inter-quartile range), as well as outlying points
individually.

5.3 Community persistence under changing seepage: Transplant experiment

Carbonate rocks from Mound 12 were transplanted to different seepage conditions for 17
months (2017-2018) to better understand the role of seepage in determining biological patterns
and the rates and trajectory of community response and persistence (Figure 2). Densities of
invertebrate macrofauna on rocks transplanted from active sites to inner transition sites (A-IT), to
outer transition sites (A-OT), or to background sites (A-B) were lower than the average density of
communities on in situ rocks at active sites collected in 2017 at the start of the experiment (A-IT:
Dunn'’s test, z = 2.262741 p-value = 0.01; A-OT: Dunn’s test, z = 2.00126, p-value = 0.02; A-B:

Wilcox test, W = 24, p-value = 0.01; Figure 14). For the remaining transplant treatments from
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inner transition sites to active sites (IT-A), to outer transition sites (IT-OT) or to background sites
(IT-B), densities on the transplanted rocks were not significantly different than densities on in situ
rocks collected in 2017 at the initial site and in 2018 at the end site of the transplant experiments
(IT-A: Kruskal-Wallis, Chi-squared = 3.2176, df = 2, p-value = 0.20; IT-OT: Kruskal-Wallis, Chi-
squared = 1.6182, df = 2, p-value = 0.44; IT-B: Wilcox test, W = 15, p-value = 0.28; Figure 14).
However, the average density on transplanted rocks tended to increase when the rocks were moved
from inner transition sites to active sites (IT-A), and decrease when moved to sites with lesser

seepage (IT-OT and IT-B; Figure 14).
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Figure 14: Average + one standard error density (individuals per 200 c¢m?) of macrofaunal invertebrates on
experimental rocks transplanted across seepage gradient (pink) for 17 months, and on in sifu rocks at the initial site
collected in 2017 (purple) and at the end site collected in 2018 (orange). Rocks were transplanted from: (A) Active to
inner transition, (B) Active to outer transition, (C) Inner transition to active, (D) Inner transition to outer transition,
(E) Active to background, and (F) Inner transition to background. A: Active, T: Transition, IT: Inner transition, OT:
Outer transition, B: Background.

Community composition on the active to inner transition (A-IT) transplanted rocks was
significantly different from the in situ communities at the initial active site (ANOSIM, R = 0.438,

p-value = 0.003), but it did not differ from the in situ communities at the final inner transition site
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(ANOSIM, R = 0.084, p-value = 0.18; Global R: 0.45, p-value = 0.001; Figures 15-17A),
indicating rapid (17 months) response to change in seepage activity. The groups contributing to
the dissimilarity between the communities on active to inner transition transplanted rocks and in
situ active rocks collected at the start of the experiment were Provannidae (6.14%), Lepetodrilidae
(5.66%), Mytilidae (5.47%), Chrysopetalidae (5.42%), Neolepetopsidae (4.96%), Phyllodocidae
(3.68%), Ampharetidae (3.45%), Anomura (3.39%), Tanaidacea (3.11%), and Serpulidae (3.01%;
SIMPER, Average dissimilarity = 74.22; Appendix 3.6). Among these, gastropods, ampharetids,
anomurans, and serpulids were more abundant at active sites in 2017 than on the transplanted rock
(Appendix 4.2).

Seepage activity also had an effect on the composition of the community on rocks
transplanted from active to outer transition sites (A-OT); by the end of the experiment the
transplant composition was significantly different than that of the community on in situ active
rocks collected in 2017 (ANOSIM, R = 0.767, p-value = 0.001), but did not differ from the
community on in sifu outer transition rocks collected in 2018 (ANOSIM, R = 0.709, p-value =
0.051; Global R =0.799, p-value = 0.001). The community on in sifu rocks at the initial active site
was dominated by gastropods, and some of the gastropod taxa persisted when rocks were
transplanted from active sites to outer transition sites, although the rocks also gained annelids and
peracarids (Table 9), causing them to become more similar to the community on in situ outer
transition rocks collected at the end of the experiment (Figures 15-17B). The groups that
contributed the most to the dissimilarity between the active-outer transition transplanted
community and the initial in situ active community were Provannidae (5.70% contribution to
dissimilarity), Lepetodrilidae (5.24%), Neolepetopsidae (4.39%), and Anomura (2.92%), which

were more abundant at active sites, and Amphipoda (5.42%), Nereididae (4.30%), Chrysopetalidae
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(3.74%) and Polynoidae (3.67%; SIMPER, average dissimilarity = 80.19; Appendix 3.7), which
were more abundant on the active to outer transition transplanted rocks (Appendix 4.3).

Community composition on inner transition rocks transplanted to active sites (IT-A) was
not significantly different than that of in situ transition rocks collected in 2017 or the active rocks
collected in 2018 (ANOSIM, Global R =0.123, p-value = 0.09; Figure 17C). The communities on
the transplanted rocks and on 2017 in situ transition rocks were dominated by annelids (38.71%
and 43.97%, respectively) and limpets (38.57% and 16.94%, respectively; Figure 15-16C, Table
9). Although the community on 2018 in sifu active rocks was dominated by annelids (53.52%),
gastropods were also well represented (18.31% snails and 5.63% limpets). The abundance of
annelids did not differ among these three communities, but the higher abundance of gastropods on
the transplanted rocks (Figure 15C) accounted for the lower percent composition of annelids
(Figure 16C).

For the inner transition to outer transition (IT-OT) transplants, the community composition
did not differ from the community on in sifu outer transition rocks at the end of the experiment in
2018 (ANOSIM, R = 0.382, p-value = 0.09), but there was a significant difference between the
inner to outer transition transplanted communities and the in sifu transition communities from 2017
(ANOSIM, R = 0.432, p-value = 0.008; Global R = 0.412, p-value = 0.004; Figure 17D). The
groups contributing the most to the dissimilarity between the transplanted community and the 2017
in situ transition community were Isopoda (5.73% contribution to dissimilarity) and
Chrysopetalidae (4.48%), which were more abundant on the transplanted rocks (Table 9), and
Lepetodrilidae (4.45%), Ophiuroidea (3.96%), Neolepetopsidae (3.89%), Provannidae (3.38%),

Serpulidae (3.18%), Cataegidae (3.07%), and Hydroidolina (3.13%; SIMPER, average
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dissimilarity = 68.85; Appendix 3.8), which were more abundant on the in sifu transition rocks
(Table 9; Appendix 4.5).

Active rocks transplanted to background sites (A-B) exhibited differences from the
community on in situ active rocks collected in 2017 (ANOSIM, Global R = 0.643, p-value =
0.0001; Figure 17E). The community on the transplanted rocks had annelids (65.12%), peracarids
(10.96%), and bivalves (8.64%) as the dominant taxa, while the community at in situ active rocks
had a high dominance and density of gastropods (Figures 15-16E). The groups that contributed to
dissimilarity and were more abundant at active sites were Provannidae (5.06%), Lepetodrilidae
(4.26%), Actiniaria (3.23%), Nuculanidae (3.10%) and Neolepetopsidae (2.96%). Although the
density of annelids was not much different between communities on 2017 in situ active rocks and
active-background transplanted rocks, the annelid composition was different (Appendix 4.6).
Within annelids, the families that contributed to dissimilarity between communities were those
more abundant on the transplanted rocks: Phyllodocidae (4.17%), Nereididae (3.72%), and
Cirratulidae (3.61%), in addition to Amphipoda (4.67%) and Bathymodiolinae (3.14%; SIMPER,
average dissimilarity = 72.50; Appendix 3.9).

The same pattern was observed for the inner transition to background (IT-B) transplant
treatment; the community on the transplanted rocks was significantly different than the in situ
community at transition sites in 2017 (ANOSIM, Global R = 0.548, p-value = 0.008; Figure 17F).
Both communities were diverse, although annelids showed higher dominance on the transplanted
rocks (Figures 15-16F). The main groups contributing to dissimilarity between the communities
were Chrysopetalidae (4.72%), Provannidae (4.66%), Cirratulidae (4.34%), Amphipoda (4.12%),
Lepetodrilidae (3.82%), Ophiuroidea (3.60%), Aplacophora (3.50%), Neolepetopsidae (3.32%),

Amphinomidae (3.26%), and Paraonidae (3.26%; SIMPER, average dissimilarity = 72.71;
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Appendix 3.10). Among these, cirratulids, paraonids, and aplacophorans were more abundant on
the inner transition to background transplanted rocks than on the 2017 in sifu transition rocks

(Table 9, Appendix 4.7).
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Figure 15: Number of individuals by taxon of macrofauna invertebrates on experimental carbonate rocks transplanted
across seepage gradient for 17 months, and on in situ carbonate rocks at the initial site collected in and at the end site
collected in 2018. Carbonates were transplanted from: (A) Active to inner transition, (B) Active to outer transition,
(C) Inner transition to active, (D) Inner transition to outer transition, (E) Active to background, and (F) Inner transition
to background. A: Active, T: Transition, IT: Inner transition, OT: Outer transition, B: Background. There were not in
situ background rocks available for study.
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There were not in situ background rocks available for study.
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Figure 17: Multi-dimensional analysis of the macrofaunal invertebrate community composition on experimental
carbonate rocks transplanted across seepage gradient for 17 months (pink), and on in sifu carbonate rocks at the initial
site collected in 2017 (purple) and at the end site collected in 2018 (orange). Carbonates were transplanted from: (A)
Active to inner transition, (B) Active to outer transition, (C) Inner transition to active, (D) Inner transition to outer
transition, (E) Active to background, and (F) Inner transition to background. A: Active, T: Transition, IT: Inner
transition, OT: Outer transition, B: Background.
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Table 9: Top ten taxa based on densities on experimental carbonate rocks transplanted across seepage gradients for 17
months at Mound 12. Carbonates were transplanted from: active to inner transition (A-IT), active to outer transition
(A-OT), active to background (A-B), inner transition to active (IT-A), inner transition to outer transition (IT-OT), and

inner transition to background (IT-B). Raw density data in Appendix 2.3.
A-IT % A-OT % A-B %
Chrysopetalidae 20.34 Amphipoda 23.85 Phyllodocidae 14.95
Neolepetopsidae 16.90 Chrysopetalidae 11.72 Ampharetidae 12.96
Mytilidae 6.55 Amphinomidae 9.21 Amphipoda 9.30
Trombidiformes 5.17 Actiniaria 8.37 Hesionidae 6.31
Tanaidacea 4.83 Polynoidae 6.28 Amphinomidae 5.65
Cataegidae 4.83 Neolepetopsidae 3.77 Cirratulidae 5.32
Ampharetidae 4.48 Nereididae 3.35 Mytilidae 4.65
Phyllodocidae 3.79 Hydroidolina 3.35 Nereididae 4.32
Amphipoda 3.45 Polyplacophora 2.93 Nuculanidae 3.99
Polyplacophora 3.45 Hesionidae 2.09 Siboglinidae 2.99
73.79 74.92 70.44
IT-A % IT-OT % IT-B %
Neolepetopsidae 36.12 Isopoda 25.68 Chrysopetalidae 32.10
Chrysopetalidae 21.43 Chrysopetalidae 19.59 Amphinomidae 8.64
Provannidae 4.58 Amphipoda 6.08 Phyllodocidae 8.64
Lacydoniidae 3.77 Hydroidolina 541 Hydroidolina 6.79
Tanaidacea 3.64 Amphinomidae 3.38 Cirratulidae 3.70
Hesionidae 3.37 Actiniaria 3.38 Tanaidacea 3.70
Cataegidae 2.70 Polynoidae 2.70 Aplacophora 3.70
Tromidiformes 2.56 Paraonidae 2.70 Polynoidae 2.47
Syllidae 243 Tanaidacea 2.70 Ophiuroidea 247
Lepetodrilidae 2.29 Ophiuroidea 2.70 Nuculanidae 247
82.89 74.32 74.68

Mean carbon isotope composition of the macrofaunal invertebrate community on the rocks
transplanted from active to inner transition sites (A-IT) was not significantly different than the
community on active in situ rocks at the start (in 2017) (Wilcox test, W = 445, p = 0.35) or from
in situ inner transition rocks at the end (in 2018) of the experiment (Wilcox test, W = 358, p-value
= 0.51) due to the high variability in isotopic composition of the macrofauna on the transplanted
rocks, suggesting that they retained “active” trophic composition, as well as gained “transition”
trophic composition (Table 4, Figure 18A). However, the community on the A-IT transplanted

rocks had mean 8'°N values twice as high as the in situ community at active sites in 2017 (Wilcox
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test, W = 531, p-value = 0.01; Table 4, Figure 19A). Faunal carbon and nitrogen ranges were
greater on the transplanted rocks than those on in situ inner transition rocks, the final transplant
site (Table 6C). Niche breadth was more diverse on the transplanted rocks than on the in situ rocks
at initial and end sites and the average degree of trophic diversity was also greater (higher SEAc
and CD; Table 6, Figure 20A). Although there was a higher trophic redundancy on the transplanted
communities (high MNDD, Table 6), the distribution of trophic niches was more even (low
SDNND, Table 6C).

For the community on rocks transplanted from active to outer transition sites (A-OT), mean
8'3C values were not significantly different than for the community on in situ rocks at active sites
in 2017, the start site of the experiment (Wilcox test, W = 184, p-value = 0.39), and they were 48%
lower than §'3C values of animals on the in situ outer transition rocks collected in 2018 (Wilcox
test, W = 12.5, p-value = 0.03), suggesting they did not change their food sources and retained
their “active” 8'°C values (Table 4, Figure 18B). However, mean community 8!°N values were
20% higher on the transplanted rocks than on the in sifu rocks at active sites in 2017 (Wilcox test,
W =266, p-value < 0.001) and did not differ from in situ rocks at outer transition sites in 2018
(Wilcox test, W =25, p-value = 0.36; Table 4, Figure 19B), indicating that the community acquired
a greater number of taxa with nitrogen isotopic values characteristic of transition zones. The
community on the transplanted rocks showed broader niche space than in situ rocks at initial and
end sites (higher CD, Table 6C), as well as higher diversification at the base of the food web (5!*C
ranges) and possibly more trophic levels (3'°N ranges) (Table 6C). Trophic diversity was higher
on in situ rocks at active sites in 2017 (higher TA and SEAc; Table 6C, Figure 20B), but trophic

niches were more evenly distributed on the transplanted rocks (lower SDNND; Table 6C).
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Carbon isotope composition was not significantly different between the IT-A transplanted
communities and both in situ rocks at transition sites collected in 2017 (Wilcox test, W = 193, p-
value = 0.40) and in situ rocks at active sites collected in 2018 (Wilcox test, W = 464, p-value =
0.50; Table 4, Figure 18C). Nitrogen isotope composition did not differ between the transplanted
community and the community on in sifu rocks at active sites in 2018 (Wilcox test, W = 550, p-
value = 0.66), but 3'°N values were half the value on the transplanted rocks than on the in situ
rocks at transition sites in 2017 (Wilcox test, W = 136.5, p-value = 0.02; Table 4, Figure 19C).
This suggests that the transplanted community retained “transition” carbon isotope composition,
as well as gained “active” carbon isotope composition, but lost niche diversification at the base of
the food web and number of trophic levels (8!°C and 8'°N ranges; Table 6C). Trophic diversity
was lower on the transplanted rocks (lower TA and SEAc; Table 6C, Figure 20D) with higher
levels of trophic redundancy (lower MNND; Table 6C), although the niches were more evenly
distributed (lower SDNND, Table 6C).

Carbon and nitrogen isotope composition did not differ between the communities on rocks
transplanted from inner transition to outer transition (IT-OT) and both in situ transition rocks
collected in 2017 (8'3C: Wilcox test, W = 133, p-value = 0.09, §'°N: Wilcox test, W = 132.5, p-
value = 0.09) and in situ outer transition rocks collected in 2018 (3'3C: Wilcox test, W = 37, p-
value = 0.89, 6'°N: Wilcox test, W = 39, p-value = 0.74; Table 4, Figures 18-19D). Carbon and
nitrogen ranges were less than for the in sifu rocks at transition sites in 2017 and higher than on
the in situ rocks at outer transition rocks in 2018 (Table 6C), suggesting a shift in food sources and
number of trophic levels to a less diverse base of the food web. However, average trophic diversity

was higher on the transplanted rocks (higher SEAc and CD; Table 6C, Figure 20D) with more
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even distribution of trophic niches (lower SDNND; Table 6C), although with more trophic
redundancy (lower MNND; Table 6C).

For the transplant treatment active to background (A-B), isotopic composition of the
communities on the transplanted rocks was not significantly different from the in situ rocks at
active sites collected in 2017 (8'3C: Wilcox test, W = 321, p-value = 0.73, §!°N: Wilcox test, W =
291, p-value = 0.37; Table 4, Figures 18-19E), suggesting that the community retained its “active”
composition even at non-seepage sites. Although 3'3C and 8'°N ranges and trophic redundancy
decreased, trophic diversity increased and trophic niches were more evenly distributed relative to
the active in situ rocks (Table 6C, Figure 20E).

For inner transition rocks transplanted to background sites (IT-B), 8!°N values of the
community did not differ from those of the community on in situ rocks at transition sites collected
in 2017 (W = 80.5, p-value = 0.18; Table 4, Figure 19F), but §'3C values were lower by the end of
the experiment on the transplanted rocks (Wilcox test, W = 25, p-value = 0.0003; Table 4, Figure
18F). Niche diversification at the base of the food web decreased, as well as trophic redundancy

decreased (lower 8'°C range, higher 3'°N range, higher MNND; Table 6C).
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Figure 18: Mean §'*C values of macrofaunal invertebrates on experimental rocks transplanted across seepage gradient
for 17 months (pink), and 8'*C values of macrofaunal invertebrate community on in situ rocks at the initial site
collected in 2017 (purple) and at the end site collected in 2018 (orange). Rocks were transplanted from: (A) Active to
inner transition, (B) Active to outer transition, (C) Inner transition to active, (D) Inner transition to outer transition,
(E) Active to background, and (F) Inner transition to background. A: Active, T: Transition, IT: Inner transition, OT:
Outer transition, B: Background. Boxplots visualize five summary statistics: the median, two hinges (the 25" and 75%
percentiles), and two whiskers (extend from the hinge to the largest/smallest value at 1.5x the inter-quartile range), as

well as outlying points individually.
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Figure 19: Mean 8'°N values of macrofaunal invertebrates on experimental rocks transplanted across seepage gradient
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(E) Active to background, and (F) Inner transition to background. A: Active, T: Transition, IT: Inner transition, OT:
Outer transition, B: Background. Boxplots visualize five summary statistics: the median, two hinges (the 25" and 75%
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well as outlying points individually.
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Figure 20: Biplots with total area (dashed line) and corrected standard ellipse area (solid line) of macrofaunal
invertebrates on experimental rocks transplanted across seepage gradient for 17 months (pink), and on in situ rocks at
the initial site collected in 2017 (purple) and at the end site collected in 2018 (orange). Rocks were transplanted from
(A) Active to inner transition, (B) Active to outer transition, (C) Inner transition to active, (D) Inner transition to outer
transition, (E) Active to background, and (F) Inner transition to background. Dashed line: Total area; Solid line:
Corrected standard ellipse area.

53



Isotopic composition of the different taxa (Table 10) was not significantly different among
transplant treatments (see Appendix 6.15 for statistical tests), except for §!°N values of cnidarians
that were 5.6%o higher on rocks transplanted from active to outer transition sites than on rocks
transplanted from inner transition to outer transition sites (Kruskal-Wallis, Chi-squared = 8.725,
df = 3, p-value = 0.03) and for §'°N values of snails that were 0.9%o lower on rocks transplanted
from inner transition to active sites than on rocks transplanted from active to inner transition sites
(Wilcox test, W = 30, p-value = 0.05). Cnidarians transplanted from active to outer transition sites
showed higher 8!°N values by 2.6%o than cnidarians on in sifu rocks at outer transition collected
in 2018 (Wilcox test, W = 17, p-value = 0.05), and cnidarians transplanted from inner transition to
background sites showed lower 6'°C values by 5.9%o than cnidarians on in situ rocks collected in
2017 at transition sites (Wilcox test, W = 25, p = 0.008). Limpets also changed their §!°N values
when transplanted from active to outer transition sites (Wilcox test, W =38, p = 0.009), with 6.2%eo
higher values than limpets on in sifu rocks collected in 2017 at active sites. (See Appendix 6.16-

6.23 for statistical tests).
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Table 10: Mean + standard error isotope composition by taxa of the macrofauna community on experimental rocks
transplanted across seepage gradients for 17 months. Superscript: Pairs in which there was significant difference based
on Wilcox tests (p-value < 0.05) or Dunn’s test using Benjamini-Hochberg adjustment (p-value < 0.025). See
Appendix 5.3-5.10 for comparison among treatments, and Appendix 6.15 for statistical tests.
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5.4 Substrate influence on communities: Substrate colonization experiment

In addition to the colonization carbonate rocks mentioned in section 5.2, cow bone and
douglas fir wood parcels were deployed in different seepage regimes for 7 years (2010-2017) to
test the potential for interaction between methane seeps and organic-fall based chemosynthetic
ecosystems, when in close proximity. These experiments were intended to mimic whale falls and
wood falls. Macrofaunal densities were not significantly different between active and transition
sites for the communities developing on deployed bone (Wilcox test, W = 2, p-value = 1.00) and
wood (Wilcox test, W = 15, p-value = 0.06), in contrast to observations for carbonate rock (section
5.2) (Figure 21). Although the average density on carbonate rock was higher than on wood and
bone at active sites, and the density on bone was higher than on wood and rock at transition sites
(Figure 21), the density values were not significantly different (Active: Kruskal-Wallis, Chi-
squared = 5.4, df = 2, p-value = 0.07, Transition: Kruskal-Wallis Chi-squared = 4.0091, df = 2, p-

value = 0.13), probably due to the low sample size and great variability within replicates.
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Figure 21: Average + one standard error density (individuals per cm?) of the macrofaunal invertebrate community on
experimental carbonate rocks (blue), bones (red) and wood (green) deployed for 7 years (2010-2017) at active and
transition sites at Mound 12.

Seepage activity significantly affected the assemblage composition of the colonization
communities (Two-Way ANOSIM, Global R = 0.81, p-value = 0.001), but substrate type did not
(Global R =0.389, p-value = 1.00; Figures 22-23). Gastropods (snails and limpets) were the most
abundant group of colonizers on substrates at active sites (78.74% on rocks, 61.33% on bones, and
81.53% on wood; Figure 22A), including mainly Provannidae, Hyalogyrinidae, Lepetodrilidae,
Neolepetopsidae and Pyropeltidae (Table 7). Although the density of gastropods on rocks at active
sites was more than 7 times higher than on bone and almost 5 times higher than on wood (Figure
22B), provannids, lepetodrilids, neolepetopsids and pyropeltids showed high rank abundance in
all three substrates at active sites, as did anomurans, which were mainly yeti crabs (Table 7,
Appendix 4.8). Annelids, mainly ampharetids, dorvilleids and hesionids, were the most abundant
group at transition sites (37.89% on rock, 73.55% on bone), except on wood, where snails

accounted for 42.43% and annelids, 35.14% of the total macrofauna (Figure 22A). However, there
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was no agreement in rank abundances among the substrates at transition sites (Appendix 4.9). The
taxa contributing to dissimilarity between colonists of active versus transition sites on all substrates
combined were more abundant mainly at active sites (Provannidae = 6.22%, Anomura = 5.45%,
Lepetodrilidae = 5.43%, Neolepetopsidae = 3.52%, Pyropeltidae = 3.43%, Mytilidae = 3.41%, and
Ampharetidae = 3.37%), but some were more abundant at transition sites (Ophiuroidea = 5.60%,

Serpulidae = 4.54%, and Hesionidae = 3.78%; SIMPER, average dissimilarity = 74.84; Appendix

3.11).
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Figure 22: (A) Composition (%) and (B) average density (indiv. per 200 ¢cm?) of macrofaunal invertebrates on
experimental carbonate rock, bone and wood deployed for 7 years (2010-2017) at active and transition sites at Mound
12.
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Figure 23: Multi-dimensional scaling analysis of macrofaunal invertebrate community composition on experimental
carbonate rock (blue), cow bone (red) and wood (green) deployed for 7 years (2010-2017) at active and transition sites
at Mound 12.

The macrofaunal community on experimental hard substrates deployed for 7 years
exhibited 3.6%o and 6.1%o lower 8'C and 3'°N values, respectively, at active sites than at transition
sites on carbonate rocks (8'°C: Wilcox-test, W = 244, p = 0.02, 3'°N: Wilcox-test, W = 79, p <
0.0001) and 8.3%o0 and 4.2%o lower 8'3C and 8'°N values, respectively, at active sites than at
transition sites on wood (8'3C: Wilcox-test, W = 240, p < 0.0001, §'°N, Wilcox-test, W = 226, p <
0.0001; Figure 24). Animals on bone showed 1.8%o higher 3'°N values at transition sites (Wilcox-
test, W = 41.5, p = 0.03), but no difference was observed for 3'3C values (Wilcox-test, W = 74, p
= 0.68; statistical tests in Appendix 6.3). At active sites, the community isotopic composition
varied among different substrates (3'3C: Kruskal-Wallis, chi-squared = 11.3710, df =2, p = 0.003,
8!°N: Kruskal-Wallis, chi-squared = 6.2096, df = 2, p = 0.04). Animals on bones had higher §'*C
and 3'°N values than on rock (8'3C: Dunn’s test, z = 6.2193, p = 0.002, 6'>N: Dunn’s test, z =
2.4563, p = 0.007) and wood (3'3C: Dunn’s test, z = 3.1359, p = 0.003, §'°N: Dunn’s test, z =

2.1756, p = 0.01), but no difference was observed between rock and wood faunal isotope
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composition (8'3C: Dunn’s test, z = -0.0165, p = 1.00, §!°N: Dunn’s test, z = -0.3423, p = 0.37).
Mean isotopic composition was not significantly different among the three substrates at transition
sites (8'3C: Kruskal-Wallis, chi-squared = 0.7463, df = 2, p = 0.69, §'°N: Kruskal-Wallis, chi-

squared = 1.9216, df =2, p = 0.38).

A
L]
-20- ° |
°
7o
= *
< _40- |
O
o H
w H
L] L]
_60 -
L]
a b c b,c a b
B
L
1 -
° ’ % ;
o |
2 *
> o .
1]
©
-1 O -
a b b a b
Rc;ck Rc;ck Bc;ne Bc;ne Wéod Wc;od
Active Transition Active Transition Active Transition

Figure 24: (A) 8"3C and (B) 8"°N values (%o) of macrofauna invertebrates colonizing experimental carbonate rocks
(blue), bones (red) and wood (green) deployed for 7 years (2010-2017) at active and transition sites at Mound 12, and
mean (+ standard deviation) isotopic composition of macrofaunal invertebrate community on in situ carbonate rocks
(purple) collected in 2017 at active and transition sites. Boxplots visualize five summary statistics: the median, two
hinges (the 25" and 75™ percentiles), and two whiskers (extend from the hinge to the largest/smallest value at 1.5x the
inter-quartile range), as well as outlying points individually. See Appendix 6.3 for statistical tests.

Isotopic compositions of specific taxa were not significantly different among substrates at
both active and transition sites, except for annelids that showed 2.7%o lower 8'°N values on bone
than on wood at transition sites (Dunn’s test, z = -2.6944, p-value = 0.01; Table 8, statistical tests
in Appendix 6.14-6.15).

The macrofaunal community on wood and rock at active sites exhibited greater trophic

diversity than at transition sites, while the opposite trend was observed for the community on the
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bones (SEAc; Table 6B, Figure 7C-E). The 8'°N range, possibly reflecting the heavy influence by
local N fixation, was higher at actives sites for all three substrates, as was niche breadth (and CD;
Table 6B). Trophic redundancy was greater at transition sites for rocks and bones, but not for wood
(MNND, Table 6B). Within substrates, niche overlap between seepage activity levels was smaller
for the community on carbonate rocks than for the communities on wood and bone (Figure 25A).

At active sites, animals on carbonate rock had a higher niche diversification at the base of
the food web (8'°C range) and number of trophic levels or variable N sources (8!°N range) than
those on bone and wood (Table 6B). The same pattern was observed at transition sites. Carbonate
rock communities also had the greatest trophic diversity among substrates at active sites, but wood
had greater diversity among substrates at transition sites. Animals on bones had lower trophic
diversity than those on wood and rock (Figure 7C-E, Table 6B). Niche overlap between substrates

was greater at transition sites than at active sites, except between rock and wood (Figure 25).
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Figure 25: Proportional overlap between carbon and nitrogen isotopic niche areas of macrofaunal invertebrates on
experimental carbonate rocks, bone and wood deployed at Mound 12 at active and transition sites for 7 years (2010-
2017). (A) Comparisons between seepage activity within substrate, (B) Comparisons among substrates at active sites,
(C) Comparisons among substrates at transition sites. A: Active site, T: Transition site. Boxplots visualize five
summary statistics: the median, two hinges (the 25" and 75" percentiles), and two whiskers (extend from the hinge to
the largest/smallest value at 1.5x the inter-quartile range), as well as outlying points individually.
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6 DISCUSSION

6.1 Community changes along seepage gradients

Although most of the deep ocean margin is covered by sediments, methane seeps are
frequently associated with carbonate rocks (Aloisi et al., 2000) formed by syntrophic aggregates
of methanotrophic archaea (ANMEs) and sulfate-reducing gama-proteobacteria (SRBs; Orphan et
al.,2002; Boetius et al., 2000). Marlow et al. (2014a) showed that ANME:s are capable of anaerobic
methanotrophy even where seepage seems inactive (no seep megafauna present). As these rocks
function as attachment, shelter, and access to food for a variety of microorganisms and fauna
(Levin et al., 2015; Marlow et al., 2014a; Levin et al., 2009; Levin, 2005), they can promote an
interaction between the seep community (active sites) and the surrounding deep-sea community
(transition and background sites; Levin et al., 2016). In this study, active sites at Mound 12 were
dominated by neolepetopsid and lepetodrilid limpets and provannid and skeneid snails, while
transition sites were dominated by annelids, mainly serpulids and chrysopetalids (Table 3, Figure
4). Levin et al. (2015) reported a shift from a gastropod-dominated community on carbonate rocks
at active sites to a community well represented by annelids, crustaceans, and cnidarians at inactive
sites at Mound 12 about 8 years earlier. In the present study, the off-seep community at transition
sites indeed seems to be intermediate between active and inactive sites, where gastropods are still
well-represented as at active sites, as well as peracarid crustaceans, cnidarians and annelids, which
were more abundant at inactive sites in Levin et al. (2015). The outer transition community at
Mound 12, dominated by annelids, cnidarians and peracarid crustaceans is more similar to the

communities at inactive sites reported in Levin et al. (2015). Based on observations of community
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composition, it is clear that carbonate rocks are promoting an interaction between seep and
background communities.

The typical 8'3C values of ANMEs production are -30%o to -100%o for archaeal cells and -
15%0 to -70%o for associated symbiotic SRB (House et al., 2009; Orphan et al., 2002). The
influence of ANME are reflected in the carbon isotopic composition of invertebrate macrofauna
on carbonate rocks at Mound 12, which differed as a function of seepage, with higher values with
increasing distance from active seepage (Table 4A). Active sites also showed a higher range of
food sources, potentially more trophic levels, and higher trophic diversity than transition sites in
2017 and 2018 (Table 6A), reflecting more diverse feeding modes at active sites from symbiont-
bearers to bacterial grazing, filter feeding, and carnivory (Levin et al., 2015). There was no
difference in isotopic composition across seepage gradients for the different macrofaunal groups
(except for limpets that showed lower 8'°C values at active sites; Table 5). Thus, the shift to higher
isotope values away from active sites is probably caused by the shift in community composition
and abundance of certain groups (i.e. the higher proportion of limpets at active sites with lower
8!3C values could lower the average community signature). The low isotope values of animals at
transition sites also indicates they are still using methane-derived carbon even at sites with lesser
seepage activity, as observed before by Levin et al. (2015) and consistent with microbial studies
by Case et al. (2015) and Marlow et al. (2014a). Direct consumption of the carbonate with its
microbial associates may be a source of such light organic matter for animals with a radula to
scrape rocks, and, as the carbonate may persist for years at lesser seepage (Levin et al., 2016), it
supports the hypothesis of ecotone formation. At outer transition zones, where seepage activity is

much lower, closer to background conditions, isotopic values were the highest (Table 4A) and
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niche breadth was the lowest (Table 6A), indicating that there is a lower diversity of carbon sources
and an increased use of photosynthetically-derived carbon away from the seep.

There was noticeable interannual variability between 2017 and 2018, with a higher
abundance in 2017 of lepetodrilid and neolepetopsid limpets and anomurans (mainly the yeti crabs
Kiwa puravida) at active sites and a higher abundance in 2017 of ophiuroids, tanaids, serpulids
and hesionids at transition sites (Table 3, Appendix 2.1). Besides the community composition, in
2018, the 8'°C range was lower and 8'°N range was higher (Figure 6), suggesting a lower
contribution of chemosynthetic microbial production to the trophic niche of consumers.
Neolepetopsid limpets live on hard substrates or upon a variety of hosts such as bivalves and
vestimentiferan tubes at hydrothermal vents (Sasaki et al., 2010), and they may feed on small
invertebrates (Warén and Bouchet, 2009, 2001; Warén et al., 2006) or graze on authigenic
carbonates feeding directly on bacteria on the rocks with their well-develop radula (Zapata-
Hérnandez et al., 2013; Sasaki et al., 2010). The yeti crab, Kiwa puravida, feeds on epibiotic
bacteria farmed on its chelipeds, by waving them in fluid escaping from the seafloor (Thurber et
al., 2011). As both these animals feed on microorganisms that are associated with active seepage,
their lower abundance in 2018 could indicate that seepage activity declined. Variations of methane
concentration within 11-12 months have been reported along the continental slope of Costa Rica
due to seismic activity or due to seasonal changes in tides and currents at a local scale (Mau et al.,
2007). 8'3C values for the different taxa and for the community were still very low, typical of
chemosynthesis, in 2018 and not significantly different than in 2017 (Figure 6, Table 5),
suggesting: (1) Seepage activity did not change, and, instead, an increase in non-seep predators,
such as fishes and lithodid crabs (megafauna observed during Alvin dives in 2018), could explain

the lower abundance of carbonate macrofauna, and an exploitation of organic matter in different
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stages of degradation explain the higher 8!°N range (Grémare et al., 1997); or (2) Tissue turnover
is slow, and animals retain their isotope composition for one year after a change in seepage activity

(see more on tissue turnover in section 6.3).

6.2 Colonization patterns on carbonate rocks

To test the dynamics and colonization rate of seep and non-seep communities, defaunated
rocks were deployed in different seepage regime for 7 years (2010-2017). The composition of the
carbonate colonizing community was not different than that of the communities on in situ
carbonates in 2017 (Figures 10-11). Colonizers were gastropod-dominated at active sites and more
diverse at transition sites with annelids, peracarid crustaceans, echinoderms and limpets being
well-represented (Figure 10). The density of colonists was higher at active than transition sites, as
was observed on in situ communities, although density was more than two times higher on
colonization rocks than on in situ rocks at active sites (Figure 9). Provannids, neolepetopsids,
lepetodrilids, pyropeltids, ampharetids and anomurans were the most abundant colonists at active
sites (Table 7A), and they had similar rank abundances between colonization and in situ carbonates
(Appendix 4.1), suggesting a mass effect (Leibold et al., 2004), where the frequent movement of
nearby animals or localized dispersal allows for these groups to colonize the carbonates (Grupe,
2014). Provannid snails graze on free-living bacteria or get their nutrition from endosymbionts
(Smith and Baco, 2003; MacAvoy et al., 2005; Bergquist et al., 2007), while neolepetopsids and
lepetodrilids graze on bacteria or feed on small invertebrates (Zapata-Hérnandez et al., 2013; Fox
et al., 2002), and ampharetids are generalist deposit feeders (Bergquist et al., 2007). Besides that,

although provannids, neolepetopsids, lepetodrilids, pyropeltids, ampharetids and anomurans had
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similar rank abundance on colonization rocks and in situ rocks (Appendix 4.1), their densities on
colonization rocks (Appendix 2.2) were 3-10 times higher than on in situ rocks (Appendix 2.1),
suggesting they are both good colonizers and great competitors. These feeding strategies might
thus represent the most successful feeding modes for colonizing new substrates at active seepage,
where seeping fluids allow for microbial communities to flourish on hard substrates (Marlow et
al., 2014a; Metaxas and Kelly, 2010). In contrast, the high rank abundance groups on in situ
carbonates that were absent or not as abundant on colonization rocks, such as skeneid, nuculanid,
and cataegid gastropods, and nereidid polychaetes (Appendix 4.1), suggests they are poorer
colonizers, either due to competition, lack of their required food or habitat, or poor dispersal
ability.

At transition sites, neolepetopsid and lepetodrilid limpets, cataegid snails, serpulid and
hesionid polychaetes, and amphipods showed high rank abundance on both colonization rocks and
in situ rocks (Appendix 4.1), as well as similar densities (Appendix 2.1-2.2), again suggesting a
mass effect (Leibold et al., 2004), and potential connection between transition and active sites, as
the lepetodrilid limpets are usually grazers of bacteria (Zapata-Hérnandez et al., 2013; Fox et al.,
2002) and are more commonly found associated with active seepage. Chrysopetalid polychaetes
and provannid snails showed high rank abundance on in situ rocks, although they were absent on
colonization rocks (Appendix 4.1), suggesting that they are not rapid colonizers at transition sites
or were predated.

Mean '3C and 8'°N values of the community on colonization rocks at Mound 12 were
lower at active sites than at transition sites (Table 4B); the same pattern was observed for the in
situ carbonate community, which can be explained by the different community composition, as

isotopic compositions were not significantly different within taxa (except for annelids) between
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seepage activity (Figure 12). Although mean isotope values were not different between
colonization rocks and in situ rocks, isotope-based trophic diversity and niche breadth were greater
on in situ rocks than on colonization rocks at both active and transition sites (Table 6, Figure
7A,C). Because the isotopic composition is generated by microbial food, this suggests that the
microbial community might not have reached its normal diversity and structure in 7 years, and
macrofaunal dietary niche is reduced on the experimental rocks. Because of that, it is possible that
animals shift their dietary resources when colonizing a new substrate, which would be reflected
on their isotopic composition. For instance, although the isotopic composition of limpets was not
significantly different between colonization rocks and in sifu rocks, they showed higher values on
colonization rocks (closer to -20%o; Table 8A), suggesting they are not getting as much of their
carbon resource from grazing chemosynthetic bacteria, but from photosynthetically-produced
carbon instead. This potential lack of microbial diversity could also explain the absence of
Provannidae at transition sites on colonization rocks, as these are grazer snails that potentially did
not find their food on the colonization rocks at transition sites, although they showed high rank
abundance on in sifu rocks at transition sites (Appendix 4.1) and, thus, availability of larva should
not be an impediment for their colonization.

A previous colonization experiment at methane seeps in Costa Rica for 10.5 months
revealed that early successional stages did not have the same trophic structure and community
richness, as established communities on in situ rocks (Grupe, 2014). Our results show that, within
7 years, the community recovers most of its composition and trophic structure, especially at active
sites, although some species-specific trophic niches might still not be fully recovered (e.g. annelids
that showed lower 8'°N values on colonization rocks than on in sifu rocks at active sites; Table

8A, Appendix 5.2). Grupe (2014) observed a dominance in gastropods that could be functioning
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as top-down grazers on hard substrates that limit microbial growth. Gastropods were still the
dominant groups on colonization rocks after 7 years, with greater densities on colonization rocks
than on nearby in situ rocks at active and transition sites (Figure 10). This suggest that they are not
only successful early colonizers, but they are also able to persist to later successional stages even
at transition sites, where they can shift their feeding mode to diets with lesser chemosynthetic

content due to lesser seepage activity.

6.3 Community persistence under changing seepage gradients

Carbonate rocks from Mound 12 were transplanted to different seepage condition for 17
months (2017-2018) to better understand the role of seepage in determining the rates and trajectory
of community response and persistence as well as trophic patterns (Figure 26). Based on
community composition, the communities on carbonate that were transplanted from active sites to
inner transition, outer transition or background did not remain as “active communities” (Figure
16). Levin et al. (2017) observed the same pattern on a 13-months transplant experiment at Hydrate
Ridge, Oregon, where the transplanted rocks took on the dominant species and rank abundance
patterns of their new sites. However, the surviving animals transplanted from active sites to sites
with lesser seepage activity in Costa Rica (this study) retained their low 3'3C values characteristic
of active seepage but acquired higher 3'°N values (Figures 18-19, 26). It is possible that these
results reflect a more rapid turnover of nitrogen than carbon in animal tissues. Although transplant
isotopic composition was not significantly different within taxonomic groups among the different
treatments with the exception of snails and cnidarians 3'°N values (Table 10), there are interesting

patterns that will be discussed below.

69



A Comparison to the 7‘—'

initial site [ ;é’ < 51N R 4
( 7 y
i A 4
Active Inner Outer Background
Transition Transition &
L #,> 3N »
% =’ < 6I5N l
L #,<381°C 'y
B Co(;nparison to the No background rock collected in 2018
end site
=, <313C e
- 3
i L 4
. Inner Outer
Act .. .. Back d
chve Transition Transition ackgroun
L = Py
Y = )
[ No background rock collected 2018 S

Figure 26: Comparison of community composition (equal and different signs) and stable isotope values (only
significantly different pairs are shown) on experimental rocks transplanted across seepage gradient for 17 months
(2017-2018) to the communities on in situ carbonate rocks collected in 2017 at the initial site (A) and to the
communities on in situ carbonate rocks collected in 2018 at the end site of the experiment (B) based on ANOSIM
analyses for the community data and Wilcox tests for the isotope data.

Although our colonization experiment showed that chrysopetalids, commonly found at
transition sites, were not good colonizers of defaunated carbonate rocks at transition sites
(Appendix 4.1), they colonized and were amongst the highest ranked abundance on the
transplanted carbonates from active sites to lesser seepage activity (Appendix 4.2, 4.3 and 4.6).
Chrysopetalids are known to be carnivores or scavengers (Boggeman, 2009) and some might feed
on bacterial mats, as observed by Wiklund et al. (2009) around whale falls. Their high abundance
may then reflect that transition groups are taking advantage of the transplanted rocks as a food
source; perhaps they scavenge some of the active groups that died after being transplanted to lesser
seepage (Levin et al, 2017).

Peracarid crustaceans, mainly amphipods and tanaids, were also among the groups with

highest rank abundance on the rocks transplanted from active sites to areas with lesser seepage
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(Appendix 4.2, 4.3 and 4.6). These crustaceans are usually detritivorous, feeding on phytodetritus
(Wurzberg et al., 2011), and are probably not using the rocks as a chemosynthetic food source
based on their high isotope values. Peracarid crustaceans provide parental care for their growing
offspring after they have left the brood pouch of the female, and, in shallow water, extended
parental care is usually seen in tube/burrow-dwelling species (Thiel, 1999; Thiel et al., 1996).
Peracarids could then be using old bores in carbonates made by gastropods as reproduction sites
to care for their juveniles. Indeed, many adult isopods with juveniles and gravid females were
found on the transplanted rocks (Appendix 2.3). Other transition groups such as hydroids and
selected annelid families that are not commonly found associated with seepage (Lumbrineridae,
Goniadidae, and Cossuridae) colonized the transplanted rocks at lower densities than peracarids
(Appendix 2.3). While these annelids are usually burrowers and tubicolous with high motility
(Jumars et al., 2015), cossurids are usually deposit feeders (Kedra et al., 2012). Low 8'3C values
from a hydrothermal vent in Costa Rica suggest cossurids feed on methanotrophic organic matter
(Levinetal., 2012), and Lumbrineridae and Goniadidae are carnivorous or deposit feeders (Jumars
etal., 2015, Levin et al., 2015; McLeod et al., 2010; Levin et al., 1999). Thus, they could either be
using the carbonates for feeding on dead animals, or as attachment sites.

Seep species such as provannid snails and neolepetopsid limpets are commonly microbial
grazers, and it is expected that their response to a transplant to areas with lesser seepage reflects
the response of microbes (Levin et al., 2017). Case et al. (2015) observed 30% lower microbial
operational taxonomic unit richness (OTU) on rocks transplanted from active to inactive sites at
Hydrate Ridge, Oregon, and some new OTUs were acquired. In our transplants from active sites
to sites with lesser seepage, most provannids seemed not to survive the transplant to sites with

lesser seepage (Appendix 4.2, 4.3 and 4.6). Levin et al. (2017) observed the same pattern and
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hypothesized that the lack of Provanna laevis (Provannidae) on transplanted rocks from active to
inactive sites suggests that they specialize on epsilonproteobacteria that is linked to high fluid flux.

In contrast, neolepetopsids and ampharetids persisted in high rank abundances on our
transplanted rocks (Appendix 4.2, 4.3 and 4.6). As mentioned before, neolepetopsid limpets are
usually grazers (Zapata-Hérnandez et al., 2013) or they may feed on small invertebrates (Warén
and Bouchet, 2001, 2009; Warén et al., 2006). 8!3C values of limpets did not differ on transplanted
rocks from in situ values, but 8!°N values were higher on rocks transplanted from active to outer
transition sites than on in situ rocks at active sites (Appendix 5.10). This suggests that limpets
could be potentially feeding on the remaining bacteria on the rocks, retaining low 8'*C values, as
well as feeding on the small invertebrates that colonized the rock at transition sites, getting higher
8'°N values. Alternatively, the turnover rates of carbon and nitrogen may differ, with the non-seep
signature being acquired more quickly for nitrogen than carbon.

Other seep species were also found still alive on some of the transplanted rocks from active
sites to sites with lesser seepage activity, such as Laminatubus sp. (Serpulidae), Archinome levinae
(Amphinomidae), Parougia sp. (Dorvilleidae), and Bathymodiolus sp. (Mytilidae). Only
Bathymodiolus sp. is known to have symbiotic bacteria (Duperron et al., 2005), although work by
Goffredi et al. (in press) suggests that Laminatubus sp. farms methanotrophic bacteria in its
tentacular crown. For instance, the extremely low 8!°N values of bivalves (mainly Mytilidae) on
in situ carbonates at active sites (Appendix 5.1) and on transplanted rocks from active sites to inner
transition and background sites (Appendix 5.3), suggests that the symbiotic bacteria and, thus, the
bivalve are able to persist through a transplant to less seepage activity. Methanotrophic symbioses
are limited to environments where there are reducing methane-rich fluids (Petersen & Dubilier,

2009). The persistence of the symbiotic relationship at background sites indicates the possible
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presence of methane in the waters, and suggests that influence of the seep can extend further than
thought before, reaching sites where no in sifu carbonate rocks were found. However, mytilid
mussels retain a fully formed digestive system and can also feed on phytoplankton-based detritus
(Riekenberg et al., 2016) in the form of particulate organic matter (POC). The average POC values
at Mound 12 were 8'3C = -25.1%o, 8'°N = 7.34%o during this study. A slow tissue turnover rate,
reported for Bathymodiolus childressi as being longer than 1 year (Dattagupta et al., 2004), would
bias against seeing a shift in isotopic composition in the transplanted mussels.

The communities that were transplanted from transition sites to outer transition (IT-OT) or
background (IT-B) changed their composition and were more similar to communities with lesser
seepage activity (Figures 16D, 26). Although there were many groups present on the transplanted
rocks that were absent on in situ transition and outer transition rocks (e.g. isopods, paraonids,
ampharetids, nereidids, and anemones), the high rank abundance and densities of Chrysopetalidae,
Hydroidolina and Amphipoda on the transplanted rocks explains this closer similarity to outer
transition and background communities than to transition communities (Appendix 4.5). However,
mean 8'°C values did not change after transplanting and animals retained low values (Figures
18,26), suggesting that the community was still being supported by chemosynthetic production
away from active seepage. As mentioned before, chrysopetalids are carnivores or scavengers
(Boggeman, 2009), and they could be feeding on animals that did not survive the transplant to
lesser seepage (Levin et al., 2017), which also could explain the higher 8'°N values of the
communities on the transplanted rocks from transition sites to outer transition and background
sites (Figure 18).

Carbonates transplanted from transition to active sites (IT-A) showed the highest faunal

abundance of all transplant treatments (Figure 14). This pattern was also observed by Levin et al.
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(2017) at Hydrate Ridge, Oregon. The transplanted community in Costa Rica (this study) retained
some of their transition species, especially chrysopetalids, peracarid crustaceans and hydroids, but
active seep species were also able to colonize the rocks, and both adults and juveniles of Archinome
levinae (Amphinomidae), Provanna laevis (Provannidae), Paralepetopsis sp. (Neolepetopsidae),
and Neolepetopsis sp. (Neolepetopsidae) were found in high densities on the transplanted rocks
(Appendix 2.3). The rapid colonization of these grazers and their slightly lower 8'°N values (Table
10, Figure 26) than of animals on in situ rocks at active sites (Table 5) suggest a rapid establishment
and growth of a diverse microbial community that provides their food. This is contrast to what was
observed with our colonization experiment, where our might suggest that the microbial community
did not fully recover in 7 years. In previous studies at Hydrate Ridge, bacterial colonization on
carbonates transplanted from inactive to active sites for 13 months was observed in high abundance
(Caseetal., 2015), allowing for the colonization of provannids (Levin et al., 2017). It was expected
that active seepage would create an environment toxic to transition species. However, the presence
of such species, especially chrysopetalids, peracarid crustaceans, and hydroids on transplanted
rocks from inner transition to active sites suggest that, instead, they can persist under active
seepage.

An exception to this was seen with the serpulid worms, mainly Laminatubus sp., that
showed high rank abundance at transition sites but were not as abundant on the transplanted rocks
moved from inner transition to active sites (Appendix 4.4). Previous studies have reported high
densities of serpulid aggregations at active sites at Jaco Scar, a hydrothermal seep on the Costa
Rica margin (Levin et al., 2012) and massive deposits of fossil serpulid tubes exhibiting various
states of authigenic carbonate mineralization related to seepage productivity are reported in Santa

Monica Basin (Georgieva et al., 2019). In addition, fossil serpulid tubes from seep deposits in the
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Greenland Sea have been reported attached to seep inhabitants such as Mytilidae mussels and
Vesicomyidae clams (Vinn et al., 2013, 2014) or be filled by seep carbonate, indicating active
seepage after the death of the serpulids (Vinn et al., 2014). Although tube morphology does not
show specific adaptations to seep environments (Vinn et al., 2013), the worm itself might farm
methanotrophic bacteria as mentioned above (Goffredi et al., in press), allowing serpulids to
dominate sites of intense methane seepage. However, in our transplant experiments, serpulids were
not as successful when moved to sites with higher seepage activity, possibly due to increased
competition for space with gastropods, which are great colonizers as observed in our colonization

experiment.

6.4 Interaction of seeps with other chemosynthetic ecosystems

The macrofaunal invertebrate community colonizing experimentally deployed substrates
showed similar composition and trophic structure on carbonate rock, wood, and bone deployed for
7 years. The communities on all substrates attained the same level of dissimilarities between active
and transition sites observed on in situ rocks, with higher carbon and nitrogen stable isotope values
at transition sites (Figure 24) and higher abundance of seep species at active sites (Table 7).

At active sites, lepetodrilids, provannids, anomurans (mainly yeti crabs), and
neolepetopsids showed high rank abundance on all three substrates (Appendix 4.8), suggesting
mass effects (Leibold et al., 2004). Macroinvertebrate communities colonizing transition sites were
more dissimilar in composition among substrate types than at active sites (Figure 23), and the lack
of correlation between rank abundances of the different substrates (Appendix 4.9) suggest

emigration/immigration dynamics (Leibold et al., 2004). At transition sites, the community
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composition on wood and bone may not be influenced by seepage activity and is more similar to
natural wood- and whale-fall community composition, which rely on decay of the organic
substrates.

Grupe (2014) noted a lack of wood-boring taxa on wood deployed for 10.5 months at active
and transition sites at Mound 12, and hypothesized that, as succession proceeds, wood and whale-
specialists would arrive and cause even more divergence. Gaudron et al. (2010) observed high
densities of wood-boring bivalves (Xylophaga atlantica and Xyloredo ingolfa) in a 1-year
colonization experiment at seeps in the North Atlantic. However, in our 7-year experiment, the
bone-eating annelid Osedax, endemic of whale-falls, was still not found on the bones at transition
sites, and only one Xylophaga sp. individual was found on one wood piece at transition sites.
However, the wood blocks at transition sites were completely burrowed, indicating the presence
of Xylophaga at earlier successional stages. The burrow presence did not cause major divergence
among communities on different substrates. The lack of bone and wood specialist species and of
vesicomyid clams such as Idas sp, which harbor sulphur-oxidizing symbionts, suggest the end of
a sulphophilic stage (Gaudron et al., 2010). The sulphophilic stage in whale- and wood-falls can
last for 5-6.8 years, with an apparent colonization of background species (Bernardino et al., 2012).
Indeed, seep groups such as neolepetopsids, lepetodrilids, and provannids colonized both wood
and bone at transition sites in our 7-year experiment (Appendix 4.9). Although trophic diversity
was greater on carbonate rocks than on wood and bone at both active and transition sites (Table
6B, Figure 7C-E), trophic niche overlap was greater among substrates at transition sites (Table
6B), and mean carbon and nitrogen isotopic values were not significantly different among

substrates at both active and transition sites (Figure 24).
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These observations could indicate that at later successional stages the substrates are used
mainly for attachment rather than as food sources and support the idea that hard substrates can
function as dispersal stepping stones for chemosynthetic fauna. The ability to colonize and
reproduce on different substrates increases the likelihood of a larva finding a settlement site
(Vrijenhoek, 2010), and wood (wood falls) and bones (whale-falls) can create ephemeral
chemosynthetic habitats that attract a species-rich assemblage with a range of trophic niches,
functioning as stepping stones for vent and seep species (Alfaro-Lucas et al., 2018; Kiel, 2016;
Smith et al., 2015; Smith et al., 2014; Baco & Smith, 2003). Bernardino et al. (2010) also showed
potential habitat heterogeneity of sediment macrofauna created by whale and wood-falls colonized
by seep species. This heterogeneity can be exploited by both opportunists and endemic fauna, as
observed in this study, sustaining the persistence and evolution of chemosynthesis-dependent

species (Bernardino et al., 2010).

7 CONCLUSION

Methane seeps have proven to be common along much of the northeastern Pacific margin
(Baumberger et al., 2018) as well as on other margins (Skarker et al., 2014). Understanding the
contributions of seep ecosystems to continental margin biodiversity and ecosystem dynamics and
functioning advances fundamental science as well as our ability to manage these systems. |
analyzed composition, density, diversity and trophic structure of invertebrates on carbonate rocks
at a methane seep site off the coast of Coast Rica, Mound 12, along natural seepage gradients,
among colonizers of newly placed rocks, and on transplanted rocks to test the overarching

hypothesis that seepage activity plays a major role in defining the community composition and
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trophic structure, and to identify the relevant time and space scales of community response. The

main findings were:

1.

Based on community composition and trophic structure, carbonate rocks are promoting an
interaction between seep and background communities, forming ecotones where seep and
background species coexist.

Direct consumption of the microbes on the carbonate itself may be a source of isotopically
light (8'*C and 3'°N) organic matter to macrofauna at sites with lesser seepage activity. As the
carbonate may persist for years at lesser seepage, they maintain the interaction between seep
and the surrounding deep-sea ecosystem.

Composition of the macrofauna community on carbonate rocks changed within one year
(2017-2018), with a lower abundance of species that feed on chemosynthetic microorganisms
associated with active seepage, which could indicate seepage cessation. However, mean §'3C
values were still very low, reflecting chemosynthetic nutritional sources. Thus, there are two
possibilities: (1) a higher abundance of non-seep predators and opportunists such as fishes and
lithodid crabs could explain the decline of such seep species between; or (2) there was a natural
variability in seepage activity due to seismic activity, and macrofauna tissue turnover is slow.
The macrofaunal community colonizing bare carbonate rocks recovers most of its composition
and trophic structure within 7 years, especially at active sites, although some species-specific
trophic niches might still not be fully recovered, potentially due to lack of microbial diversity,
as trophic diversity and niche breath were greater on in situ rocks than on colonization rocks.

Provannids, neolepetopsids, lepetodrilids, pyropeltids, ampharetids and anomurans were the
most successful colonizers at active sites, and neolepetopsid and lepetodrilid limpets, serpulid

and hesionid polychaetes, amphipods, and cataegid snails, were the most successful colonizers
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10.

at seepage transition sites. In both cases, the high abundance of these groups on in sifu rocks
suggest a mass effect, where the frequent movement of nearby animals or localized dispersal
allows for these groups to colonize the carbonates.

The successful groups of colonizers are mainly grazers on free-living bacteria, get their
nutrition from endosymbionts or feed on small invertebrates, and when at lesser seepage they
can adapt and shift their diets. Among those, gastropods are not only successful early
colonizers but they are also able to persist in high densities at later successional stages even at
transition sites, where they can accommodate their diets to sites with lesser chemosynthetic
microbial diversity.

Skeneid snails, nuculanid bivalves, cataegid snails, and nereidids were the poorest colonizers
at active sites, while chrysopetalids and provannids were the poorest colonizers at transition
sites, either due to competition or lack of their required food or habitat.

The response of seep species to a change in seepage activity when they were transplanted from
active sites to sites with lesser seepage, either by adapting their diets or by retaining their
symbiotic bacteria, indicates a potential persistence through seepage cessation. The
colonization of transition species on these carbonates supports the idea that carbonate rocks
promote an interaction between seep and background communities even after seepage
cessation.

The methane-derived isotopic composition of communities on rocks transplanted from
transition to outer transition and background sites indicate that the communities at transition
and background sites are still being sustained by chemosynthetic production.

The rapid response of grazers on carbonates transplanted from transition sites to active sites

indicates a rapid establishment of the chemosynthetic bacterial community and diversity within
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11.

12.

17 months. The presence of transition species on these rocks indicate that active seepage is not
as toxic for them as hypothesized. Instead, perhaps these species are just not as successful
under active seepage as seep endemic species.

Seepage activity plays a major role in defining macrofaunal community composition and its
trophic structure on different types of hard substrate. However, the presence of seep species on
wood and bone deployed for 7 years at both active and transition sites, and the similarity in
trophic structure among the communities on different substrates, suggest a potential use of hard
substrates of other ephemeral chemosynthetic ecosystems (wood-falls and whale-falls) as
attachment, functioning as stepping stones for vent and seep fauna.

The multiexperimental design used here allows us to better understand the dynamics of
macrofaunal communities on carbonate rocks at methane seeps and their influence on
background communities at large spatial and temporal scales. Although the colonization
experiment showed that 7 years was not enough for the community to fully recover its
composition and trophic diversity, the transplant experiment showed the capacity of the
macrofaunal community to persist and adapt to changes in seepage activity within 17 months.
Overall, the seep and surrounding assemblages exhibit responses indicative of considerable
resilience to variation in seepage. I hypothesize that the key aspect differentiating these
experiments is the establishment and recovery of the microbial community and diversity on
rocks that sustain the macrofaunal community. While the colonization experiment was
performed with defaunated carbonates, the transplant experiment was performed with
carbonates hosting microbes and animals. Microbial diversity might take longer than 7 years
to develop, but once it is established, the macrofaunal community can recover quickly and

persist even under declining seepage. This observation is crucial to predict community
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responses to disturbances either in seepage activity or through anthropogenic activity. As
human activities such as bottom fishing, or oil and mineral extractions increase on continental
margins (Van Dover et al., 2012), if such interferences deeply impact the microbial community
on both active seepage and within the sphere of influence of methane seeps, the response of
the macrofaunal community will be affected. Such information can aid spatial planning for

deep-sea biodiversity maintenance and the designation of protected areas.
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APPENDIX

Appendix 1: Terminology

Site Seep location, Mound 12
Seepage activity Also referred to as seepage zone or habitat
Active Defined visually by the presence of microbial mats, methane bubbles
or seep megafauna (bathymodiolin mussels, vesicomyd clams, and/or
siboglinid tube worms)
Transition Areas with moderate seepage activity where seep species interact with

background species (ecotones)

Inner Transition

Areas with moderate seepage activity where seep species interact with
background species (ecotones) with a higher influence from the seep.

Outer Transition

Areas with moderate seepage activity where seep species interact with
background species (ecotones) with a higher influence from the
background deep sea.

Background

Non-seepage activity

In situ rocks

Unmanipulated, non-experimental carbonate rocks in any zone

Colonization rocks

Experimental defaunated rocks deployed in different seepage zones for
7 years (deployed in January 2010 and recovered in October 2017) or
17 months (from June 2017 to October 2018)

Transplant rocks

Experimental carbonate rocks moved to different seepage zones with
exposure for 17 months (deployed in June 2017 and recovered in
October 2018). For example, for the transplant treatment active to inner
transition (A-IT), experimental carbonate rocks were moved from an
active site in 2017 to an inner transition site, from where they were
recovered in 2018.
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APPENDIX 2: Average densities of invertebrate macrofauna on hard substrates across
seepage gradients at Mound 12 collected in 2017 and 2018.

Appendix 2.1: Average densities (number per 200 cm?) of invertebrate macrofaunal on in situ
carbonate rocks collected across seepage gradients at Mound 12 in 2017 and 2018.

In situ carbonate rocks
Cruise 2017 2017 2018 2018 2018
Seepage activity Active Transition | Active | Inner Transition | Quter Transition
Surface Area (cm?) | 237.56 290.70 102.11 224.10 187.71
Oligochaeta NA NA NA 0.1£0.3 NA
Serpulidae 21+32 [ 11.6+222 | 13+18 1.8+2.2 NA
Polynoidae 09+2.0 05+05 | 1.0+18 1.3+£2.0 NA
Hesionidae 1.1+£14 25+44 |29+47 1.0+1.1 1.6+23
Amphinomidae 0.8+0.8 02+04 | 1.8+19 2.8+29 NA
Ampharetidae 52+10.8 NA 09+2.1 1.4+3.2 NA
Sabellidae 0.2+0.5 NA 02+0.6 04+0.6 NA
Dorvilleidae NA 04+09 | 1.8+22 0.3+0.6 04+0.6
Lumbrineridae NA NA NA 0.4+0.8 NA
Phyllodocidae 1.4+£3.1 09+08 | 09+2.1 0.5+0.8 0.8+1.2
Chrysopetalidae 03+04 6.0+84 | 1.7+3.5 34.3+46.9 7.8+4.1
Cirratulidae 0.7+1.6 NA 02+0.6 0.8+1.0 NA
Trichobranchidae NA 02+04 NA NA NA
Paraonidae NA NA 0.3+0.7 0.1£0.3 NA
Lacydoniidae 1.2+1.9 0715 |3.7+57 1.6+1.7 NA
Maldanidae NA 0708 | 13+18 3.6+£4.6 23432
Flabelligeridae NA 03+04 NA 1.1+14 0.4+0.6
Syllidae 0.1+0.3 1.2+18 |]02+0.6 46+3.4 0.8+1.2
Spionidae NA 02+04 |07£12 0.5+0.8 NA
Pisionidae NA 02+04 NA NA NA
Nereididae 24+55 NA 0.6+14 0.3+0.8 NA
Capitellidae NA NA NA 23+42 04+0.6
Pilargiidae NA NA NA 0.1+0.3 NA
Terebellidae 03=+0.5 NA 1.4+22 0.6+0.7 NA
Onuphidae NA NA 04+0.9 NA 04+0.6
Eunicidae 02=+0.5 NA 0.5+1.2 NA NA
Actiniaria 1.4+£3.1 NA NA 0.1+0.3 NA
Hydroidolina NA 29+25 NA 1.5+1.7 7.7+6.3
Alcyonacea NA 0.4+0.5 NA NA NA
Trombidiformes NA 0.7+08 | 1.4+28 7.1£9.6 0.8+1.1
Amphipoda NA 42+64 | 0.1+£03 4.1+8.6 37+£52
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Appendix 2.1 continued.

In situ carbonate rocks
Cruise 2017 2017 2018 2018 2018
Seepage activity Active Transition | Active | Inner Transition | Quter Transition
Surface Area (cm?) 237.56 290.70 102.11 224.10 187.71
Anomura 40+5.0 0.7+1.5 NA NA NA
Brachyura 0.1+0.3 NA NA NA 0.4+0.6
Cumacea NA NA NA 0.1+£0.3 NA
Isopoda NA NA NA 0.2+0.6 NA
Tanaidacea NA 09+0.8 |29+438 1.2+£2.0 NA
Ostracoda NA NA 03+0.7 03+04 1.2+04
Caridea NA 02+04 NA NA NA
Ophiuroidea 0.3+0.6 20+4.0 |15+27 0.5+0.8 NA
Holothuroidea 0.1+0.3 NA NA NA NA
Aplacophora NA NA 0.6+1.4 0.1+0.3 0.8+1.1
Nuculanidae 3.5+4.6 NA 04+0.9 NA NA
Cuspidariidae NA NA NA 0.3+0.8 NA
Mytilidae 03+0.5 NA NA NA NA
Pyramidellidae NA NA NA 02+0.3 NA
Seguenziidae NA 02+0.4 NA 0.1+0.3 NA
Skeneidae 11.1+£226 | 13+£25 |05+1.2 NA NA
Cataegidae 35+39 21+£29 |[49+95 14+1.5 NA
Hyalogyniridae 09+14 NA NA 0.1+0.3 NA
Provannidae 71.8+822 | 42+73 |20+1.0 0.6+£1.0 NA
Lepetodrilidae 423+41.2 | 45+45 NA 0.1+0.3 NA
Neolepetopsidae 737683 | 7.1+£12.7 | 1.8£2.0 03+04 NA
Pyropeltidae 8.6+11.2 NA 06=+1.1 NA NA
Polyplacophora NA 09+15 | 1.6+35 1.0+1.2 0.8+1.1
Nemertea NA NA NA 0.1£0.3 NA
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Appendix 2.2: Average densities (number per 200 cm?) of invertebrate macrofauna on

experimental carbonate rock, bone and wood deployed at active and transition sites for 7 years
(2010-2017) at Mound 12.

Colonization experiment

Substrate Carbonate Carbonate Bone Bone Wood Wood

Rock Rock
Habitat Active Transition Active Transition Active Transition
Surface area (cm?) 187.60 156.95 71.41 147.97 1,047.06 1,047.06
Siboglinidae 3.8+£6.7 NA NA NA 05+1.0 NA
Serpulidae 0.5+0.9 49+25 NA 10.0£13.0 | 0.1 0.1 0.1+0.3
Polynoidae NA NA NA NA 0.3+£0.6 0.1£0.2
Hesionidae 7.7+12.7 22+25 1.5+£2.1 |650+919 | 04+0.7 47+6.3
Amphinomidae 0.7+1.2 1.1+2.1 NA 1.6+2.2 0.1+0.1 0.7+ 0.6
Ampharetidae 55.6+66.0 NA 59+83 |22.0+30.1 | 0.9+0.8 0.1+0.1
Sabellidae NA 1.0£1.4 NA 04=+0.5 NA 0.2+0.5
Dorvilleidae 4.0+5.0 04+0.7 57+43 |289+40.8 | 33+£63 1.2+1.7
Lumbrineridae NA 0.4+0.7 NA NA NA NA
Phyllodocidae 8.5+ 14.7 2.5+3.4 NA 19.2+27.2 NA 0.1+0.3
Chrysopetalidae 0.3+0.5 NA NA NA NA 0.2+0.2
Cirratulidae NA 1.0£1.4 2.8+0.2 NA NA 0.1+0.2
Trichobranchidae NA 0.4+0.7 NA 0.4+0.5 NA NA
Lacydoniidae 0.3+0.6 1.8+£2.7 NA 21.6+30.6 | 0.1 0.1 04+0.7
Maldanidae 0.3+0.5 NA NA 24+34 NA 0.1+0.2
Flabelligeridae 1.1+1.8 14+2.0 NA NA NA 0.2+0.3
Syllidae NA 1.8 +2.8 NA 72+10.2 NA NA
Nereididae NA 04+0.7 NA 24+34 NA NA
Capitellidae NA NA NA 12.0+17.0 NA NA
Pilargiidae NA 04+0.7 NA NA NA NA
Terebellidae 14+1.6 NA NA 4.8+6.8 0.1£0.1 0.1+0.1
Onuphidae NA 1.5+3.0 NA NA NA NA
Eunicidae NA NA NA NA NA 0.1£0.1
Sigalionidae NA NA NA NA 0.1+£0.1 NA
Opheliidae NA NA NA NA NA 0.1+0.1
Nephtyidae NA NA NA NA NA 0.1+0.1
Actiniaria NA 04+0.7 NA NA 0.1£0.1 NA
Hydroidolina NA 04+0.7 NA 04+0.5 NA NA
Alcyonacea NA 0.4+0.7 NA NA NA NA
Trombidiformes NA 1.1+£22 NA NA NA 0.1£0.1
Amphipoda 0.7£1.2 3.6+43 1.3£1.9 24+3.4 NA 0.6+0.5
Anomura 40.0 + 19.6 NA 203+20.5| 04+05 |109+64 | 0.1+0.1
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Brachyura NA NA NA NA NA 0.1+0.1
Appendix 2.2 continued.
Colonization experiment
Substrate Carbonate Carbonate Bone Bone Wood Wood
Rock Rock
Habitat Active Transition Active Transition Active Transition
Surface area (cm?) 187.60 156.95 71.41 147.97 1,047.06 1,047.06
Isopoda NA 03+0.5 NA NA NA NA
Tanaidacea NA 1.1£2.1 NA 124 +£16.5 NA 0.1+£0.2
Ostracoda NA 14+29 NA NA NA 0.1+0.1
Caridea NA NA NA NA 0.1+0.2 NA
Asteroidea NA NA NA NA NA 0.1£0.1
Ophiuroidea 0.7+1.2 7.8+£5.7 2.84+0.2 1.2+1.7 0.1+0.1 09+0.5
Aplacophora NA 29+57 NA 7.2+10.2 02+04 02+04
Nuculanidae 0.5+0.9 0.7+1.4 NA NA 0.2+0.5 0.1+0.1
Juvenile 0.8+1.4 NA NA 4.8+6.8 NA 0.1+0.2
Xylophagaidae NA NA NA NA NA 0.1+0.2
Mytilidae 8.4+0.6 NA NA NA 12+£0.8 NA
Teredinidae NA NA NA NA NA 0.3+£0.2
Vesicomyidae NA NA NA 04+0.5 NA NA
Pyramidellidae NA 04+0.7 NA NA NA NA
Skeneidae NA 0.7+1.5 NA NA 13.2+264 | 05+0.9
Cataegidae 0.7+1.2 2.7+3.0 NA 0.8+1.1 02+0.3 0.5+0.9
Hyalogyniridae 39.9+£52.1 14+2.0 1.5+2.1 04+05 0.6+0.8 0.1+0.2
Provannidae 180.3 £48.8 NA 7.1+24 | 120£2.8 | 20.1+£6.7 | 9.6+ 18.8
Lepetodrilidae 170.8 + 58.0 25+5.0 405+33 | 08+1.1 |393+342| 1.0+03
Cocculinidae NA NA NA NA 0.1+0.1 0.1+0.1
Neolepetopsidae 62.8 +28.7 6.8+ 13.6 73+104 | 04+0.5 49+54 1.0+0.8
Pyropeltidae 19.8+13.2 04+0.7 84+0.5 0.8+1.1 34+3.1 02+04
Polyplacophora 1.1+1.8 0.4+0.7 NA 04+05 NA 03+04
Nemertea NA 03+0.5 NA NA NA 0.1+0.1
Platyhelminthes NA NA NA NA NA 0.1+0.1
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Appendix 2.3: Average densities (number per 200 cm?) of invertebrate macrofauna on
experimental rocks transplanted across seepage gradient for 17 months. Rocks were transplanted
from: active to inner transition (A-IT), active to outer transition (A-OT), inner transition to active
(IT-A), inner transition to outer transition (IT-OT), active to background (A-B), and inner
transition to background (IT-B).

Transplant experiment with carbonate rocks

Treatment A-IT A-OT IT-A IT-OT A-B IT-B
Surface area (cm?) | 265.74 227.29 281.89 193.40 381.30 242.51
Siboglinidae NA 03+03 NA NA 08=+1.5 NA
Serpulidae 0606 | 03+06| 02+04 |0.1+£02|03+04 NA
Polynoidae 02+04 | 35+28| 04+06 |1.1+£19|03+08|0.6+0.8
Hesionidae 09+1.0 {09+1.0| 43+34 |09+09|1.7+1.7]05+1.0
Amphinomidae 12+12 | 1.2+18| 1.7+14 | 1.1+14|1.7+1.6 | 25+38
Ampharetidae 22437 103+03| 1.0+£0.8 [01+02|35+6.7|04+1.0
Sabellidae NA NA 02+0.3 NA NA NA
Dorvilleidae 05+1.0 | 05+08| 04+05 |02+05|02+04 NA
Lumbrineridae 02+04 | 09+1.7 NA 03+0.6|03+0.6|0.2+0.5
Phyllodocidae 19+£08 | 0.1£02| 05+06 |0.6+09 |41+7.1|27+42
Chrysopetalidae 90£52 | 55+£66|191+19.0 | 7.6+78 | 0.2+02 | 82+7.5
Cirratulidae 02+04 NA 03+06 |09+13|18+1.8|13+1.0
Trichobranchidae 0.1+£0.2 NA NA NA NA NA
Paraonidae 0.1+£03 |02=+0.5 NA 1.1+£1.8|04+0.6 | 09+1.1
Lacydoniidae 0.8+0.8 | 02+03| 3.5+£3.5 NA NA NA
Maldanidae NA NA 0.3+£0.6 0.1+£03 NA
Flabelligeridae 0.1£03 | 14=+1.6 NA 0.1+£0.2]03+04|02+0.5
Syllidae 1.06+1.4 | 01+02 | 1.8£2.2 NA 02+04|0.1+£03
Spionidae NA 0.1+02]| 02+0.2 NA 0.1+0.2 NA
Cossuridae NA NA NA NA 02+04|0.1+£0.2
Pisionidae NA NA NA 02+0.5 NA NA
Nereididae 02+04 | 23+14| 01+03 |0.7+0.7|13+08|02+0.5
Capitellidae NA 02+05| 02+04 |0.1+02|04+04|0.1+0.2
Terebellidae 02+04 NA 1.3+1.9 NA NA 02+0.5
Onuphidae NA NA NA NA NA 0.1+£0.2
Eunicidae NA NA NA 02+05] 0.1£0.2 | 0.1+0.3
Chactopteridae NA NA NA NA 02+03 NA
Arenicolidae NA NA NA NA 04+0.6 NA
Goniadidae NA NA NA NA 02+04 NA
Iphitimidae NA NA NA NA NA 02+04
Nephtyidae NA 02+0.3 NA 04+0.8 NA NA
Actiniaria NA 1.7£15] 05+0.7 | 14+23|0.7+0.6 | 04+1.0
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Appendix 2.3 continued.

Transplant experiment with carbonate rocks

Treatment A-IT A-OT IT-A IT-OT A-B IT-B
Surface area (cm?) | 265.74 227.29 281.89 193.40 381.30 242.51
Hydroidolina NA 20+£24 1.3+£2.7 1.3£09 | 0.1+£02]|26+19
Alcyonacea NA NA 0.6+13 NA NA 0.6+1.2
Trombidiformes 22+2.6 NA 1.7+£2.7 0.4+0.8 NA 03+04
Amphipoda 1.8+22 | 120+ 124 1.4+19 19+12 | 28+1.8]03+0.7
Anomura 02+04 NA NA NA 0.1+0.2 NA
Brachyura NA NA 04+0.9 NA NA NA
Isopoda 09+1.0 | 03=+0.6 0.1+0.2 9.1+145|04+04 | 06+1.0
Tanaidacea 1.8+1.3 04+0.9 32+35 0.8+£0.8 | 0.1+£0.1|09+09
Ostracoda 1.5+£3.0 NA 0.1+0.2 1.1£25 103+03]|02+04
Caridea 0.1£0.2 NA 1.0£0.8 0.4+0.8 NA NA
Sessilia NA NA NA NA 06+09|02+04
Mysidacea NA 1.3+1.7 NA NA NA NA
Ophiuroidea 0.1+0.3 0.3+0.6 1.1+13 09+12 | 02+03|04+0.6
Holothuroidea NA 02+0.3 NA NA NA NA
Aplacophora 0.3+0.7 NA 02+03 04+0.8 NA 1.1+£1.2
Nuculanidae 0.1+0.3 NA 09+0.9 NA 1.2+0.6 | 0.6+0.8
Mytilidae 1.3+£3.0 NA 2.7+4.4 NA 1.5+1.4 NA
Solemyidae 0.1+0.3 NA 0.1+0.2 NA NA NA
Pyramidellidae NA 02+0.3 NA NA NA 02+0.5
Skeneidae NA NA 03+0.8 NA 06+1.3 NA
Cataegidae 1.8+ 1.6 03+0.3 29+£1.6 NA NA NA
Hyalogyniridae 02=+0.5 0.1+0.2 06+1.3 0.5+0.7 NA NA
Provannidae 0.6+1.0 NA 11.2+16.7 | 0.9+0.8 | 0.3+0.6 NA
Lepetodrilidae 0.1£0.2 NA 52+6.8 NA 02+03]02+0.5
Cocculinidae 0.1+0.3 NA 04+0.9 NA 0.1+£0.2 NA
Neolepetopsidae 79+149 | 11+15 | 71.9+112.7 NA 1.1+£0.8]03=+0.5
Pyropeltidae NA NA 0.7+ 1.0 NA NA NA
Polyplacophora 1.5+£19 | 0.6=+0.8 I.1+£1.2 1.2+£25 [ 04+05|0.1+0.3
Nemertea 02+04 | 02+03 0.1+0.2 0606 | 02+04 | 0.1+0.2
Pycnogonida NA 0.3+0.6 NA NA NA NA
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APPENDIX 3: Results of SIMPER analyses based on community composition of
macrofaunal invertebrates on hard substrates across seepage gradients at Mound 12
collected in 2017 and 2018.

Appendix 3.1: Taxa contributing most to dissimilarity among macrofaunal invertebrates on in
situ carbonate rocks collected at Mound 12 in 2017 and 2018. Displayed are the average taxa
dissimilarity (Av.Diss), standard deviation of taxa average dissimilarity (Diss/SD), taxon percent
contribution to total dissimilarity (Contrib.%), and cumulative contribution to total dissimilarity
(Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 and 2018

Average dissimilarity = 67.82

Species Av.Diss Diss/SD Contrib.% Cum.%
Lepetodrilidae 4.67 2.14 6.93 6.93
Neolepetopsidae 2.83 1.13 4.21 11.15
Cataegidae 2.83 1.44 4.20 15.35
Ophiuroidea 2.63 1.05 3.91 19.25
Anomura 2.59 1.61 3.85 23.11
Serpulidae 2.55 1.24 3.79 26.90
Hesionidae 2.51 1.29 3.72 30.62
Pyropeltidae 249 1.16 3.69 34.31
Tanaidacea 2.46 0.96 3.66 37.98
Amphinomidae 2.45 1.26 3.64 41.61
Maldanidae 242 1.02 3.60 45.21
Lacydoniidae 2.34 1.10 3.48 48.69
Dorvilleidae 2.25 0.93 3.34 52.03
Ampharetidae 1.99 1.01 2.95 54.98
Terebellidae 1.93 1.32 2.87 57.86
Provannidae 1.90 1.36 2.82 60.67
Polyplacophora 1.83 0.82 2.71 63.38
Nuculanidae 1.77 0.92 2.63 66.02
Polynoidae 1.73 1.03 2.56 68.58
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Appendix 3.2: Taxa contributing most to dissimilarity among macrofaunal invertebrates on in
situ carbonate rocks collected at active and transition sites at Mound 12 in 2017. Displayed are
the average taxa dissimilarity (Av.Diss), standard deviation of taxa average dissimilarity
(Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and cumulative
contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Transition and 2017 Active

Average dissimilarity = 68.12

Species Av.Diss Diss/SD Contrib.% Cum.%
Amphipoda 3.36 2.82 4.93 4.93
Neolepetopsidae 2.89 1.37 4.24 9.18
Tanaidacea 2.84 1.61 4.17 13.35
Ophiuroidea 2.80 0.91 4.10 17.45
Serpulidae 2.65 1.23 3.89 21.35
Provannidae 2.54 1.26 3.72 25.07
Chrysopetalidae 2.51 1.12 3.69 28.76
Cataegidae 242 1.31 3.55 32.31
Hydroidolina 2.29 1.15 3.36 35.67
Anomura 2.25 1.47 3.31 38.98
Lepetodrilidae 2.24 1.08 3.28 42.26
Hesionidae 2.17 1.38 3.19 45.45
Flabelligeridae 1.97 1.16 2.89 48.34
Maldanidae 1.95 1.16 2.87 51.20
Pyropeltidae 1.93 1.07 2.83 54.03
Ampharetidae 1.89 1.04 2.77 56.80
Polyplacophora 1.87 0.94 2.75 59.55
Phyllodocidae 1.71 1.19 2.51 62.06
Skeneidae 1.64 0.80 2.40 64.46
Amphinomidae 1.63 1.12 2.40 66.86
Lacydoniidae 1.63 1.06 2.40 69.26
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Appendix 3.3: Taxa contributing most to dissimilarity among macrofaunal invertebrates on in
situ carbonate rocks collected at active and inner transition sites at Mound 12 in 2018. Displayed
are the average taxa dissimilarity (Av.Diss), standard deviation of taxa average dissimilarity
(Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and cumulative
contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2018 Active and 2018 Inner Transition

Average dissimilarity = 68.45

Species Av.Diss Diss/SD Contrib.% Cum.%
Chrysopetalidae 4.60 1.82 6.72 6.72
Provannidae 3.07 1.86 4.48 11.20
Trombidiformes 3.00 1.42 4.38 15.58
Syllidae 291 1.49 4.26 19.84
Cataegidae 2.52 1.45 3.68 23.51
Neolepetopsidae 2.40 1.25 3.50 27.01
Hesionidae 2.29 1.31 3.35 30.36
Lacydoniidae 2.27 1.45 3.31 33.67
Maldanidae 2.26 1.22 3.30 36.98
Tanaidacea 2.23 1.29 3.26 40.23
Serpulidae 2.15 1.22 3.14 43.37
Flabelligeridae 2.13 1.72 3.11 46.48
Ophiuroidea 2.06 1.16 3.01 49.49
Polyplacophora 2.06 1.20 3.01 52.50
Dorvilleidae 2.00 0.97 2.92 55.42
Amphinomidae 1.99 1.19 291 58.33
Polynoidae 1.92 1.13 2.80 61.13
Cirratulidae 1.80 1.15 2.63 63.76
Spionidae 1.79 0.96 2.62 66.38
Hydroidolina 1.77 1.17 2.59 68.97
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Appendix 3.4: Taxa contributing most to dissimilarity among macrofaunal invertebrates on in
situ carbonate rocks collected at inner transition and outer transition sites at Mound 12 in 2018.
Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa average
dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2018 Inner transition and 2018 Outer transition

Average dissimilarity = 63.79

Species Av.Diss Diss/SD | Contrib.% Cum.%
Hydroidolina 3.66 1.56 5.73 5.73
Amphipoda 2.83 1.07 4.44 10.17
Amphinomidae 2.75 1.60 4.31 14.47
Lacydoniidae 2.61 1.63 4.09 18.56
Ostracoda 2.52 1.64 3.96 22.52
Maldanidae 2.40 1.17 3.77 26.29
Syllidae 2.39 1.05 3.74 30.03
Hesionidae 2.27 1.33 3.56 33.60
Trombidiformes 2.27 1.24 3.55 37.15
Serpulidae 2.13 1.10 3.34 40.49
Aplacophora 2.00 1.01 3.13 43.62
Capitellidae 1.94 0.99 3.03 46.65
Cirratulidae 1.92 1.13 3.01 49.67
Polynoidae 1.92 1.02 3.01 52.68
Polyplacophora 1.90 1.15 2.97 55.65
Tanaidacea 1.88 1.01 2.94 58.59
Cataegidae 1.87 1.09 2.93 61.52
Phyllodocidae 1.86 1.13 2.92 64.45
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Appendix 3.5: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks deployed for 7 years (2010-2017) at active and transition sites at
Mound 12. Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa
average dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%),
and cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis
(Primer7).

Groups Rock Colonization Active and Rock Colonization Transition
Average dissimilarity = 72.38

Species Av.Diss Diss/SD Contrib.% | Cum.%
Provannidae 3.63 1.33 5.01 5.01
Ophiuroidea 3.56 1.10 4.92 9.93
Serpulidae 3.46 1.19 4.78 14.71
Neolepetopsidae 3.27 1.41 4.52 19.23
Lepetodrilidae 3.24 1.10 4.47 23.70
Amphipoda 2.98 2.05 4.12 27.82
Anomura 2.87 1.59 3.96 31.78
Pyropeltidae 2.30 1.17 3.18 34.96
Tanaidacea 2.28 1.20 3.15 38.11
Cataegidae 2.28 1.32 3.15 41.26
Ampharetidae 2.25 1.10 3.11 44.37
Hesionidae 2.14 1.36 2.96 47.34
Phyllodocidae 1.98 1.13 2.74 50.07
Chrysopetalidae 1.96 0.90 2.70 52.78
Hydroidolina 1.85 0.95 2.56 55.33
Flabelligeridae 1.84 1.14 2.54 57.88
Dorvilleidae 1.62 0.94 2.24 60.12
Polyplacophora 1.62 0.87 2.24 62.36
Lacydoniidae 1.61 1.08 222 64.59
Mytilidae 1.58 1.05 2.18 66.77
Maldanidae 1.54 0.94 2.13 68.90
Amphinomidae 1.51 1.03 2.08 70.98
Terebellidae 1.49 1.11 2.06 73.04
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Appendix 3.6: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks transplanted from active to inner transition sites (A-IT) at Mound
12 for 17 months (2017-2018) and on in sifu carbonate rocks collected at active sites in 2017.
Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa average
dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Active and A-IT

Average dissimilarity = 74.22

Species Av.Diss Diss/SD | Contrib.% Cum.%
Provannidae 4.56 1.33 6.14 6.14
Lepetodrilidae 4.20 1.41 5.66 11.80
Mytilidae 4.06 0.89 5.47 17.26
Chrysopetalidae 4.02 2.12 542 22.69
Neolepetopsidae 3.68 1.10 4.96 27.65
Phyllodocidae 2.73 1.41 3.68 31.33
Ampharetidae 2.56 1.03 3.45 34.78
Anomura 2.51 1.30 3.39 38.16
Tanaidacea 2.31 1.30 3.11 41.27
Serpulidae 2.23 1.05 3.01 44.28
Cataegidae 2.23 1.16 3.01 47.29
Hesionidae 2.23 1.11 3.00 50.29
Pyropeltidae 2.12 0.94 2.86 53.15
Polyplacophora 2.06 0.98 2.78 55.93
Trombidiformes 2.02 0.95 2.72 58.65
Amphinomidae 1.98 1.14 2.66 61.31
Amphipoda 1.91 0.98 2.57 63.88
Terebellidae 1.85 1.15 2.49 66.37
Ophiuroidea 1.80 0.68 242 68.79
Isopoda 1.74 0.99 2.35 71.14
Syllidae 1.72 1.06 232 73.46
Nuculanidae 1.69 0.91 2.27 75.73
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Appendix 3.7: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks transplanted from active to outer transition sites (A-OT) at Mound
12 for 17 months (2017-2018) and on in sifu carbonate rocks collected at active sites in 2017.
Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa average
dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Active and A-OT

Average dissimilarity = 80.19

Species Av.Diss | Diss/SD Contrib.% Cum.%
Provannidae 4.57 1.98 5.70 5.70
Amphipoda 4.35 1.72 542 11.12
Lepetodrilidae 4.20 2.13 5.24 16.36
Neolepetopsidae 3.52 1.41 4.39 20.75
Nereididae 3.45 2.11 4.30 25.05
Chrysopetalidae 3.00 1.53 3.74 28.79
Polynoidae 2.94 1.73 3.67 32.46
Actiniaria 2.90 1.49 3.62 36.08
Anomura 2.34 1.60 2.92 39.00
Amphinomidae 2.28 1.43 2.85 41.85
Flabelligeridae 2.17 1.07 2.70 44.55
Hesionidae 2.15 1.33 2.68 47.23
Polyplacophora 2.13 1.11 2.65 49.89
Serpulidae 1.97 1.14 2.45 52.34
Mysidacea 1.96 0.80 2.45 54.79
Dorvilleidae 1.93 1.08 2.40 57.19
Pyropeltidae 1.83 1.00 2.28 59.47
Cataegidae 1.76 1.20 2.19 61.67
Ampharetidae 1.73 1.09 2.16 63.82
Hydroidolina 1.71 0.78 2.14 65.96
Ophiuroidea 1.62 0.74 2.02 67.98
Lumbrineridae 1.60 0.70 1.99 69.97
Terebellidae 1.54 1.17 1.92 71.89
Siboglinidae 1.45 1.19 1.80 73.69
Nuculanidae 1.33 0.82 1.66 75.34
Skeneidae 1.29 0.65 1.61 76.96
Isopoda 1.29 0.86 1.61 78.57
Phyllodocidae 1.29 0.89 1.61 80.18
Tanaidacea 1.18 0.59 1.47 81.64
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Appendix 3.8: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks transplanted from inner transition to outer transition sites (IT-OT)
at Mound 12 for 17 months (2017-2018) and on in situ carbonate rocks collected at transition
sites in 2017. Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa
average dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Transition and IT-OT

Average dissimilarity = 68.85

Species Av.Diss | Diss/SD Contrib.% Cum.%
Isopoda 3.95 1.58 5.73 5.73
Chrysopetalidae 3.08 1.38 4.48 10.21
Lepetodrilidae 3.07 1.79 4.45 14.66
Ophiuroidea 2.72 1.16 3.96 18.62
Neolepetopsidae 2.68 1.15 3.89 22.51
Provannidae 2.32 1.34 3.38 25.89
Serpulidae 2.19 0.85 3.18 29.07
Hydroidolina 2.16 1.17 3.13 32.20
Nereididae 2.15 1.18 3.12 35.32
Cataegidae 2.12 0.79 3.07 38.40
Polyplacophora 2.08 1.05 3.02 41.42
Hesionidae 2.01 1.22 2.92 44.33
Tanaidacea 1.97 1.16 2.86 47.19
Amphinomidae 1.96 1.14 2.85 50.04
Maldanidae 1.94 1.11 2.82 52.85
Flabelligeridae 1.89 1.14 2.74 55.59
Polynoidae 1.83 1.19 2.66 58.26
Actiniaria 1.78 0.75 2.58 60.84
Phyllodocidae 1.72 1.18 2.50 63.34
Paraonidae 1.70 0.76 2.47 65.81
Amphipoda 1.61 1.31 2.34 68.15
Dorvilleidae 1.61 0.89 2.34 70.49
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Appendix 3.9: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks transplanted from active to background sites (A-B) at Mound 12
for 17 months (2017-2018) and on in situ carbonate rocks collected at active sites in 2017.
Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa average
dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Active and A-B

Average dissimilarity = 72.50

Species Av.Diss | Diss/SD | Contrib.% Cum.%
Provannidae 3.67 1.69 5.06 5.06
Amphipoda 3.38 1.72 4.67 9.72
Lepetodrilidae 3.09 1.58 4.26 13.98
Phyllodocidae 3.02 2.08 4.17 18.15
Nereididae 2.70 1.54 3.72 21.87
Cirratulidae 2.62 1.54 3.61 25.49
Actiniaria 2.34 1.70 3.23 28.71
Mytilidae 2.27 1.33 3.14 31.85
Nuculanidae 2.25 1.65 3.10 34.95
Neolepetopsidae 2.15 1.10 2.96 37.91
Hesionidae 2.08 1.33 2.88 40.79
Amphinomidae 2.07 1.32 2.86 43.65
Ampharetidae 2.07 1.29 2.85 46.50
Anomura 1.98 1.45 2.74 49.24
Serpulidae 1.87 1.22 2.58 51.81
Capitellidae 1.86 1.19 2.56 54.37
Cataegidae 1.75 1.16 242 56.79
Polyplacophora 1.73 0.91 2.39 59.18
Ophiuroidea 1.69 0.89 2.32 61.51
Pyropeltidae 1.68 1.01 2.32 63.83
Isopoda 1.66 1.19 2.29 66.12
Ostracoda 1.58 1.08 2.18 68.30
Sessilia 1.51 0.80 2.09 70.38
Terebellidae 1.42 1.18 1.96 72.34
Skeneidae 1.38 0.79 1.91 74.25
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Appendix 3.10: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rocks transplanted from inner transition to background sites (IT-B) at
Mound 12 for 17 months (2017-2018) and on in situ carbonate rocks collected at transition sites
in 2017. Displayed are the average taxa dissimilarity (Av.Diss), standard deviation of taxa
average dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity (Contrib.%), and
cumulative contribution to total dissimilarity (Cum.%), based on SIMPER analysis (Primer7).

Groups 2017 Transition and IT-B

Average dissimilarity = 72.71

Species Av.Diss Diss/SD Contrib.% Cum.%
Chrysopetalidae 3.43 1.23 4.72 4.72
Provannidae 3.39 1.66 4.66 9.38
Cirratulidae 3.16 1.68 4.34 13.72
Amphipoda 3.00 2.09 4.12 17.84
Lepetodrilidae 2.78 1.47 3.82 21.66
Ophiuroidea 2.62 0.93 3.60 25.27
Aplacophora 2.55 1.11 3.50 28.77
Neolepetopsidae 241 1.10 3.32 32.09
Amphinomidae 2.37 1.26 3.26 35.35
Paraonidae 2.37 1.08 3.26 38.61
Phyllodocidae 2.30 1.37 3.16 41.77
Hydroidolina 2.29 1.07 3.15 44.92
Cataegidae 2.12 0.78 291 47.83
Tanaidacea 2.10 1.12 2.89 50.72
Serpulidae 2.02 0.73 2.78 53.50
Maldanidae 1.94 1.10 2.66 56.16
Flabelligeridae 1.84 1.09 2.54 58.70
Polynoidae 1.84 1.21 2.54 61.24
Alcyonacea 1.84 0.99 2.53 63.77
Hesionidae 1.77 1.03 243 66.20
Polyplacophora 1.67 0.86 2.30 68.50
Dorvilleidae 1.66 0.88 2.29 70.79
Nuculanidae 1.55 0.79 2.13 72.92
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Appendix 3.11: Taxa contributing most to dissimilarity among macrofaunal invertebrates on
experimental carbonate rock, bone and wood deployed for 7 years (2010-2017) at active and
transition sites at Mound 12. Displayed are the average taxa dissimilarity (Av.Diss), standard
deviation of taxa average dissimilarity (Diss/SD), taxon percent contribution to total dissimilarity
(Contrib.%), and cumulative contribution to total dissimilarity (Cum.%), based on SIMPER
analysis (Primer7).

Groups Colonization Active and Colonization Transition

Average dissimilarity = 74.84

Species Av.Diss Diss/SD Contrib.% Cum.%
Provannidae 4.66 1.73 6.22 6.22
Ophiuroidea 4.19 1.72 5.60 11.83
Anomura 4.08 2.90 5.45 17.28
Lepetodrilidae 4.06 1.32 5.43 22.71
Serpulidae 3.40 1.01 4.54 27.25
Hesionidae 2.83 1.52 3.78 31.03
Neolepetopsidae 2.63 1.07 3.52 34.55
Pyropeltidae 2.57 1.34 3.43 37.98
Mytilidae 2.55 2.00 3.41 41.38
Ampharetidae 2.52 1.31 3.37 44.75
Amphipoda 2.37 1.70 3.17 47.92
Dorvilleidae 2.00 1.31 2.67 50.59
Amphinomidae 1.94 1.23 2.59 53.18
Hyalogyniridae 1.87 1.00 2.50 55.68
Cataegidae 1.84 1.15 2.46 58.14
Cirratulidae 1.79 0.84 2.39 60.53
Phyllodocidae 1.73 0.82 2.32 62.85
Lacydoniidae 1.70 1.04 2.27 65.12
Sabellidae 1.54 0.69 2.06 67.18
Polyplacophora 1.28 0.86 1.71 68.89
Skeneidae 1.28 0.76 1.70 70.60
Terebellidae 1.27 1.07 1.70 72.30
Teredinidae 1.22 0.83 1.64 73.93
Flabelligeridae 1.21 0.93 1.61 75.54
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APPENDIX 4: Rank abundance plots of invertebrate macrofaunal communities at Mound
12

Appendix 4.1: Comparison of rank abundances of macrofaunal invertebrate taxa on in situ
carbonate rocks collected at active and transition sites at Mound 12 in 2017 and on experimental
carbonate rocks deployed for 7 years (2010-2017). X and Y axis values are ranks.
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Appendix 4.2: Comparison of rank abundances macrofaunal invertebrates on experimental
carbonate rocks transplanted from active sites to inner transition sites for 17 months, and on in
situ carbonate rocks (A) at active sites collected in 2017 and (B) at inner transition sites collected
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Appendix 4.3: Comparison of rank abundance of macrofaunal invertebrates on experimental
carbonate rocks transplanted from active sites to outer transition sites for 17 months, and on in
situ carbonate rocks (A) at the active sites collected in 2017 and (B) at outer transition sites

collected in 2018
A Comparison to initial site
254 Lepetodrilidae Pyropeltidae . Nuculanidae |25
- -
Provannidae Skeneidae Anomura o
20+ i
. - .
OI - -
< 15+ -t
b= o
© -
= -
) o
% 101 Neolepetopsidae -t
= -7 Mysidacea
= P
e N Flabelligeridae”
51 7 Nereididae Hydroidolina
R Amphipoda
0++2 . ; v
10 20 30
2017 In situ active
B Comparison to end site
] Ostracoda Aplacophora.. Brachyura
25 A -
Maldanidae Trombidiformes Onuphidae
20+
|_
Q
< 15
c
L
[}
7]
% 10+ Amphinomic-.e = ~
fad - Ny
= B ---~"7  Mysidacea
| - Actiniaria
51 _ __--——"“_—_ Nereididae,
Hydroidolina T
oS A
(Eh_rxsgpetalﬁdaé Apphlpoda Polynoidae
g ; : ; ;
25 5.0 5 10.0

2018 In situ outer transition

Appendix 4.4: Comparison of rank abundance of macrofaunal invertebrates on experimental
carbonate rocks transplanted from inner transition sites to active sites for 17 months, and on in situ
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carbonate rocks (A) at the transition sites collected in 2017 and (B) at active sites collected in

2018.
A Comparison to initial site
' o
Serpulidae dnemra
30+
< v e
£ ozt
20 g o
o] e
s ® ==~
2 |-
© ST Terebellidae
fad i
= e
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10 o _Cg(aegldae o
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--"® . Provannidae
0 +Neolepetopsidae
0 5 10 15 20 25
2017 In situ transition
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e S
= 20+ —
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/ g Mytilidae'
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0 10 20
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Appendix 4.5: Comparison of rank abundances of macrofaunal invertebrates on experimental

carbonate rocks transplanted from inner transition sites to outer transition sites for 17 months,
and on in situ carbonate rocks (A) at transition sites collected in 2017 and (B) at outer transition

sites collected in 2018.
A Comparison to initial site
254 Lepetodrilidae P -
Neolepetopsidae Cataegidae e
20+ e
- _L- -
o .-
E 151 —ete
E o i
Q 1.
o T
8 it .
® 10 =T Paraomdae
= _ar®
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.-~ Hydroidolina
54 —1— Actiniaria
i Ampmpoda
g ; Isopoda
0 _Chrysopetallidae
0 5 10 15 20 25
2017 In situ transition
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25 / >
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204
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Q
E 15-
c
©
o
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g10- ——— ===
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25 5.0 75 10.0
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Appendix 4.6: Comparison of rank abundances of macrofaunal invertebrates on experimental

carbonate rocks transplanted from active sites to background sites for 17 months and on in situ
carbonate rocks at active sites collected in 2017.
Comparison to initial site

Pyropeltidae Cataegidae \ Hyalogyniridae
Lacydoniidae

30+ - -
M .. =
< v
€ 20+ e
I U
Q_ _ - -
m - -
e _L
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— 5
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i " iboglinidae
101 Neolepetopsidae NucuIanae —1° &
Pl ~
P Nereididae
Lam Amphipoda
= 0
041--" Ampharetidae
0 10 20 30

2017 In situ active

Appendix 4.7: Comparison of rank abundances of macrofaunal invertebrates on experimental
carbonate rocks transplanted from inner transition sites to background sites for 17 months and on
in situ carbonate rocks at transition sites collected in 2017.

Comparison to initial site

25 Serpulidae Cataegidae Skeneidae 1=
Provannidae il
20+ =
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= 154 =
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Appendix 4.8: Comparison of rank abundances of macrofaunal invertebrates on experimental

carbonate rocks, cow bone and wood deployed for 7 years (2010-2017) at active sites at Mound

12.
A Active sites
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Appendix 4.9: Comparison of rank abundances of macrofaunal invertebrates on experimental
carbonate rocks, cow bone and wood deployed for 7 years (2010-2017) at transition sites at
Mound 12.

A Transition sites
20 Onuphidae — ——Ostracoda SO
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q) = -
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APPENDIX 5: Plots of isotopic composition by taxon of macrofaunal invertebrates at

Mound 12

Appendix 5.1: §'3C and 8"°N values (%o) of macrofaunal invertebrates on in situ rocks collected
across seepage gradient at Mound 12 in 2017 (A, C) and 2018 (B, D). A: Active, T: Transition,

IT: Inner Transition, OT: Outer Transition.

A In situ carbonate rocks 2017 B In situ carbonate rocks 2018
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e i — 207 L]
£ L £ -
(,,O -40 T —rT T «9 - Eo
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- qr T
] N
-60- -40- T
-50- T
ATATATTATAATATAT AITOTAITOTA AITOTAITAITAITAITAIT
Cc In situ carbonate rocks 2017 D In situ carbonate rocks 2018
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[[] Annelida [] Eucarida [[] Echinodermata [[] Gastropoda Snail [[] Other macrofauna
[] cnidaria [_] Peracarida [_] Bivalvia [[] Gastropoda Limpet
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Appendix 5.2: §!3C and 8'°N values (%o) of macrofaunal invertebrates on experimental
carbonate rock, cow bone and wood deployed at active and transition sites for 7 years (2010-
2017) at Mound 12. A: Active, T: Transition, IT: Inner Transition, OT: Outer Transition.

A Colonization rocks (7 years) B Colonization rocks (7 years)
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Appendix 5.3: §!3C and 8'°N values (%o) of annelids on in situ carbonate rocks collected at
active and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks
transplanted across seepage gradient for 17 months (pink), and in sifu carbonate rocks collected
across seepage gradient in 2018 (orange). A: Active, T: Transition, IT: Inner transition, OT:

Outer transition, B: Background.

Annelida
A 5 B
10-
,20 o
o o
e z | [
) )
5 .
5]
J

I 0.
2017 2017 AT A-OT IT-A IT-OT A'B IT-B 2018 2018 2018 2017 2017 AT A-OT IT-A IT-OT A'B IT-B 2018 2018 2018
A IT OT AT A IT OT

Appendix 5.4: §'3C and 8'°N values (%o) of cnidarians on in situ carbonate rocks collected at
active and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks
transplanted across seepage gradient for 17 months (pink), and in sifu carbonate rocks collected
across seepage gradient in 2018 (orange). A: Active, T: Transition, IT: Inner transition, OT:

Outer transition, B: Background.
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Cnidaria
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Appendix 5.5: '°C and 3'°N values (%o) of eucarids on in situ carbonate rocks collected at active
and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks transplanted across
seepage gradient for 17 months (pink), and in situ carbonate rocks collected at active sites in 2018
(orange). A: Active, T: Transition, IT: Inner transition, OT: Outer transition, B: Background.

Eucarida
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Appendix 5.6: 5'°C and 8'°N values (%o) of peracarids on in situ carbonate rocks collected at
transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks transplanted across

seepage gradient for 17 months (pink), and in situ carbonate rocks collected across seepage
gradient in 2018 (orange). A: Active, T: Transition, IT: Inner transition, OT: Outer transition, B

Background.
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Peracarida
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Appendix 5.7: §!3C and 8"°N values (%o) of echinoderms on in situ carbonate rocks collected at
active and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks
transplanted across seepage gradient for 17 months (pink), and in situ carbonate rocks collected
at active and inner transition sites in 2018 (orange). A: Active, T: Transition, IT: Inner transition,

OT: Outer transition.
Echinodermata
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Appendix 5.8: 5!°C and 8'°N values (%o) of bivalves on in situ carbonate rocks collected at
active sites at Mound 12 in 2017 (purple), experimental carbonate rocks transplanted across
seepage gradient for 17 months (pink), and in situ carbonate rocks collected at active and inner
transition sites in 2018 (orange). A: Active, IT: Inner transition, B: Background.
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Bivalvia
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Appendix 5.9: §!3C and 8'°N values (%o) of snails on in situ carbonate rocks collected at active
and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks transplanted
across seepage gradient for 17 months (pink), and in situ carbonate rocks collected at active and

inner transition sites in 2018. A: Active, T: Transition, IT: Inner transition.
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Appendix 5.10: 5'3C and §'°N values (%o) of cnidarians on in sifu carbonate rocks collected at
active and transition sites at Mound 12 in 2017 (purple), experimental carbonate rocks
transplanted across seepage gradient for 17 months (pink), and in situ carbonate rocks collected
at active and inner transition sites in 2018 (orange). A: Active, T: Transition, IT: Inner transition,

OT: Outer transition.
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Gastropoda Limpet
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APPENDIX 6: Results of Statistical tests

Appendix 6.1: Wilcox test (W) and Dunn’s test (z) for isotopic composition of invertebrate
macrofaunal community on in situ carbonate rocks collected across seepage gradient in 2017 and
2018 at Mound 12. Below diagonal: tests for '°C values; Diagonal: mean 3'3C and 3'°N values;

Above diagonal: tests for 8'°N values. Significant values (p < 0.05 for Wilcox tests, p < 0.025 for
Dunn’s test) in bold. A: Active, T: Transition, IT: Inner Transition, OT: Outer Transition.

2017 A 2017 T 2018 A 2018 IT 2018 OT
J313C=-363+
2017 A 1.6%o W =454.5 W =1433.5 i i
SN=3.5=+ p-value < 0.001 | p-value < 0.001
1.0%o
dBC=-279=+
2017 T W =825 2.9%o ) Kruskal-Wallis | Kruskal-Wallis
p-value = 0.005 3N =92+ not significant | not significant
1.1%o
dC=-36.2+
2018 A W =2019.5 i 1.3%o =-2.4124 =-3.0117
p-value = 0.27 dN=62= p-value = 0.01 | p-value = 0.004
0.8%o
dC=-33.7=+
2018 z=-0.4535 z=-2.5220 2.7%o Kruskal-Wallis
IT"? ) p-value=0.32 | p-value =0.006 SBN=79=+ not significant
0.6%o
dC=-25.6+
2018 z=2.5519 z=-4.0541 z=-2.6428 0.1%eo
oT!? ) p-value = 0.008 | p-value <0.001 | p-value=0.006 | & °N=94=
0.3%o

!: Between years at transition sites:
813C: Kruskal-Wallis, Chi-squared = 8.2972, df = 2, p-value = 0.01

3!5N: Kruskal-Wallis, Chi-squared = 3.4479, df = 2, p-value = 0.18

2: Among seepage activity in 2018:
813C: Kruskal-Wallis, Chi-squared = 19.358, df = 2, p-value < 0.001
85N: Kruskal-Wallis, Chi-squared = 12.386, df = 2, p-value = 0.002

Appendix 6.2: Wilcox test (W) for isotopic composition of invertebrate macrofaunal community
on in situ carbonate rocks collected at active and transition sites in 2017 at Mound 12 and on
experimental carbonate rocks deployed for 7 years at active and transition sites. Below diagonal:
tests for §!3C values; Diagonal: mean 8'3C and 8'°N values; Above diagonal: tests for 3'°N
values. Significant values (p < 0.05) in bold.

In situ In situ Colonization Colonization
Active Transition Active transition
In situ dBC=-36.3+1.6%0 W =454.5 W =2139.5 )
Active SN =3.55 = 1.0%0 p-value < 0.001 p-value < 0.001
In situ W =825 dBC =-27.9+2.9%0 i W =343
Transition p-value = 0.005 SN =9.18 £ 1.1%o p-value = 0.60
Colonization W =1299 i dBC =-33.4+2.7%0 WwW=179
Active p-value = 0.18 SN = 1.3 = 1.0%0 p-value < 0.001
Colonization ) W =268 W =244 33C =-29.8 + 1.8%o
Transition p-value = 0.38 p-value = 0.02 SN = 7.4 £ 0.6%0
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Appendix 6.3: Wilcox test (W) and Dunn’s test (z) for isotopic composition of invertebrate
macrofaunal community on experimental carbonate rock, bone and wood deployed for 7 years at
active and transition sites. Below diagonal: tests for 8!3C values; Diagonal: mean 8'°C and §'°N

values; Above diagonal: tests for §!°N values. Significant values (p < 0.05) in bold.

Rock A Rock T Bone A Bone T Wood A Wood T
dC=-334=+
Rock 2.7%o W=7 z=2.4563 z=-0.3423
Al | N=13+ p';*ggle < p = 0.007 - p=037 -
1.0%o )
dBC=-29.8+
Rock W =244 1.8%o Kruskal-Wallis Kruskal-Wallis
T> | p-value=0.02 | 3°N=74= ) not significant ) not significant
0.6%0
dBC=-27.1=+
Bone z=3.2193 0.6%0 W=415 z=12.1756
Al p = 0.002 - 55N=45+ | p-value=0.03 | p=0.01 -
0.3%0
313C=-283=+
Bone Kruskal-Wallis W=74 3.1%o Kruskal-Wallis
T? ) not significant | p-value=0.68 | 3°N=63=* ) not significant
0.5%0
3C=-35.0+
Wood | z=-0.0166 ] 2=3.1359 ] 2.2% W22
Al p=1.00 p =0.003 SN =2.0+ P ;z(‘)‘f
0.5%0 )
J13C=-26.7+
Wood Kruskal-Wallis Kruskal-Wallis |V 240 2.2%
T? ) not significant ) not significant p-value < SN =62=+
0.001 0.3%

!: Among hard substrates at active sites:

3!3C: Kruskal-Wallis, Chi-squared = 11.371, df =2, p = 0.003

3!5N: Kruskal-Wallis, Chi-squared = 6.2096, df = 2, p-value = 0.04
2: Among hard substrates at transition sites:
3!3C: Kruskal-Wallis, Chi-squared = 0.74631, df = 2, p-value = 0.69
3!5N: Kruskal-Wallis, Chi-squared = 1.9216, df = 2, p-value = 0.38

Appendix 6.4: Statistical tests within taxa between active and transition sites of isotopic
composition of invertebrate macrofaunal community on in sifu carbonate rocks collected in 2017
at Mound 12.

Annelida
813C: Wilcox test, W = 122, p-value = 0.985
8!°N: Wilcox test, W = 212, p-value < 0.001*

Cnidaria
813C: Wilcox test, W = 8, p-value = 1.00
8!°N: Wilcox test, W = 4, p-value = 0.39

Eucarida
813C: Wilcox test, W = 6, p-value = 1.00
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8!°N: Wilcox test, W = 0, p-value = 0.07
Peracarida: no data for peracarids at active sites
Echinodermata

813C: Wilcox test, W = 4, p-value = 0.67

8!°N: Wilcox test, W = 3, p-value = 1.00
Bivalvia: no data for bivalves at transition sites
Gastropoda: Snail

813C: Wilcox test, W = 70, p-value = 0.54

8!°N: Wilcox test, W = 65, p-value = 0.38
Gastropoda: Limpet

813C: Wilcox test, W = 5, p-value = 0.02*
8!°N: Wilcox test, W = 14, p-value = 0.19
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Appendix 6.5: Statistical tests within taxa among seepage activity of isotopic composition of
invertebrate macrofaunal community on in situ carbonate rocks collected in 2018 at Mound 12

Annelida

313C: Kruskal-Wallis, Chi-squared = 6.4384, df = 2, p-value = 0.04

Active vs Inner transition: Dunn’s test, z = -1.9293, p-value = 0.08

Active vs Outer transition: Dunn’s test, z = -1.8841, p-value = 0.04

Inner transition vs Outer transition: Dunn’s test, z =-1.0912, p-value = 0.14
S5N: Kruskal-Wallis, Chi-squared = 6.0783, df = 2, p-value = 0.051

Cnidaria
8!3C: Kruskal-Wallis, Chi-squared = 5.7043, df = 2, p-value = 0.06
8!°N: Kruskal-Wallis, Chi-squared = 2.7671, df = 2, p-value = 0.25

Eucarida: no data for eucarids at inner transition and outer transition sites

Peracarida
8!3C: Kruskal-Wallis, Chi-squared = 0.76389, df = 2, p-value = 0.68
8!°N: Kruskal-Wallis, Chi-squared = 3.2222, df = 2, p-value = 0.20

Echinodermata
813C: Wilcox test, W = 5, p-value = 0.4
8!°N: Wilcox test, W = 3, p-value = 1

Bivalvia
813C: Wilcox test, W = 1, p-value = 1
8'N: Wilcox test, W = 1, p-value = 1

Gastropoda: Snail
813C: Wilcox test, W = 23, p-value = 0.9495
8!°N: Wilcox test, W = 12, p-value = 0.2145

Gastropoda: Limpet

813C: Wilcox test, W = 4, p-value = 0.6429
8!°N: Wilcox test, W = 1, p-value = 0.1429
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Appendix 6.6: Statistical tests between years (2017 vs 2018) within taxa of isotopic composition
of invertebrate macrofaunal community on in situ carbonate rocks collected at active sites at
Mound 12

Annelida
813C: Wilcox test, W = 315.5, p-value = 0.39
8!°N: Wilcox test, W = 248, p-value = 0.01*

Cnidaria
813C: Wilcox test, W = 2, p-value = 1.00
8!°N: Wilcox test, W = 0, p-value = 0.50

Eucarida
813C: Wilcox test, W = 0, p-value = 0.29
8!°N: Wilcox test, W = 0, p-value = 0.28

Peracarida: no data for peracarids at active sites in 2017

Echinodermata
813C: Wilcox test, W = 3, p-value = 0.50
8!°N: Wilcox test, W = 3, p-value = 0.50

Bivalvia
813C: Wilcox test, W = 1, p-value = 1.00
8!°N: Wilcox test, W = 1, p-value = 1.00

Gastropoda: Snail
813C: Wilcox test, W = 70, p-value = 0.54
8!°N: Wilcox test, W = 65, p-value = 0.38

Gastropoda: Limpet

813C: Wilcox test, W = 52, p-value = 0.78
8!°N: Wilcox test, W = 52, p-value = 0.78
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Appendix 6.7: Statistical tests between years (2017 vs 2018) within taxa of isotopic composition
of invertebrate macrofaunal community on in situ carbonate rocks collected at transition sites at
Mound 12

Annelida
8!3C: Kruskal-Wallis, Chi-squared = 1.6083, df = 2, p-value = 0.45
8!°N: Kruskal-Wallis, Chi-squared = 1.4164, df = 2, p-value = 0.49

Cnidaria

d1C: Kruskal-Wallis, Chi-squared = 6.5693, df = 2, p-value = 0.04*

2017 Transition vs 2018 Inner transition: Dunn’s test, z = 0.5010, p-value = 0.31

2017 Transition vs 2018 Outer transition: Dunn’s test, z = 2.3694, p-value = 0.03

2018 Inner Transition vs 2018 Outer transition: Dunn’s test, z = -2.1275, p-value = 0.03
S5N: Kruskal-Wallis, chi-squared = 1.4746, df = 2, p-value = 0.48

Eucarida: no data for eucarids at transition sites in 2018

Peracarida
8!3C: Kruskal-Wallis, Chi-squared = 1.2857, df = 2, p-value = 0.52
8!°N: Kruskal-Wallis, Chi-squared = 4.8214, df = 2, p-value = 0.09

Echinodermata: 2017 Transition and 2018 Inner transition
813C: Wilcox test, W = 10, p-value = 0.09524
8!°N: Wilcox test, W = 7, p-value = 0.5714

Bivalvia: no data for bivalves at transition sites in 2017
Gastropoda: Snail: 2017 Transition vs 2018 Inner Transition
813C: Wilcox test, W = 9, p-value = 0.8857

8!°N: Wilcox test, W = 5, p-value = 0.4857

Gastropoda: Limpet: 2017 Transition vs 2018 Inner Transition

813C: Wilcox test, W = 3, p-value = 1
8!°N: Wilcox test, W = 2, p-value = 0.8
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Appendix 6.8: Statistical tests between active and transition sites within taxa of isotopic
composition of invertebrate macrofaunal community on experimental carbonate rocks deployed
for 7 years (2010-2017) at Mound 12 within taxa of isotopic composition of invertebrate
macrofaunal community on experimental carbonate rocks collected at active sites at Mound 12

Annelida

813C: Wilcox test, W = 48, p-value = 1

8!°N: Wilcox test, W W = 0, p-value < 0.001*

Cnidaria: no data for cnidarians on colonization rocks

Eucarida: no data for eucarids on colonization rocks at transition sites
Peracarida: no data for peracarids on colonization rocks at active sites
Bivalvia: no data for bivalves on colonization rocks at transition sites
Gastropoda: Snail

813C: Wilcox test, W = 4, p-value = 1.00

8!°N: Wilcox test, W = 0, p-value = 0.13

Gastropoda: Limpet

813C: Wilcox test, W = 0, p-value = 0.13
8!°N: Wilcox test, W W = 1, p-value = 0.27
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Appendix 6.9: Statistical tests within taxa at active sites between invertebrate macrofauna on in
situ carbonate rocks collected in 2017 at Mound 12 and on experimental carbonate rocks deployed
for 7 years (2010-2017)

Annelida
813C: Wilcox test, W = 198, p-value = 0.53
8!°N: Wilcox test, W = 94, p-value = 0.01*

Cnidaria: no data for cnidarians on colonization rocks

Eucarida
813C: Wilcox test, W = 20, p-value = 0.82
8!°N: Wilcox test, W = 25, p-value = 0.31

Peracarida: no data for peracarids on colonization rocks at active sites

Bivalvia
813C: Wilcox test, W = 20, p-value = 0.20
8!°N: Wilcox test, W = 15, p-value = 0.66

Gastropoda: Limpet
813C: Wilcox test, W = 36, p-value = 0.91
8!°N: Wilcox test, W = 29, p-value = 0.50

Gastropoda: Snail

813C: Wilcox test, W = 33, p-value = 0.81
8!°N: Wilcox test, W = 20, p-value = 0.34
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Appendix 6.10: Statistical tests within taxa at transition sites between invertebrate macrofauna
on in situ carbonate rocks collected in 2017 at Mound 12 and on experimental carbonate rocks
deployed for 7 years (2010-2017)

Annelida
813C: Wilcox test, W = 30, p-value = 0.81
8!°N: Wilcox test, W = 21, p-value = 0.26

Cnidaria: no data for cnidarians on colonization rocks

Eucarida: no data for eucarids on colonization rocks at transition sites
Peracarida

813C: Wilcox test, W = 3, p-value = 1.00

8!°N: Wilcox test, W = 4, p-value = 0.80

Echinodermata

813C: Wilcox test, W =9, p-value = 0.90

8!°N: Wilcox test, W = 10, p-value = 1.00

Bivalvia: no data for bivalves on colonization rocks at transition sites
Gastropoda: Snail

813C: Wilcox test, W = 3, p-value = 0.80

8!°N: Wilcox test, W = 8, p-value = 0.13

Gastropoda: Limpet

813C: Wilcox test, W = 6, p-value = 0.20
8!°N: Wilcox test, W = 3, p-value = 1.00
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Appendix 6.11: Statistical tests among taxa of invertebrate macrofauna on in sifu carbonate

rocks collected at active and transition sites in 2017 and across seepage gradient in 2018 at

Mound 12

2017 Active

8!3C: Kruskal-Wallis, Chi-squared = 24.364, df = 7, p-value < 0.001*
8'°N: Kruskal-Wallis, Chi-squared = 22.849, df = 7, p-value = 0.002*
Dunn’s test: Below diagonal: tests or 8!°C values, Above diagonal: tests for 3!°N values.

Significant values (p < 0.025) in bold.

Annelida Bivalvia Cnidaria Echinod. Eucarida Gas.tropoda Gastropoda
Limpet Snail
= Z = = - = - = =
: 2=24807 1 3586 1.0974 07005 | Z7 24203 | z=-0.4426
Annelida p-value = lue = lue = _ p-value = p-value =
0.007 p-value= | p-value= | p-value= 0.007 033
0.37 0.13 0.24 ) )
fr— =- Z =- —
o z= 1.359_7 17604 -2.3934_ 2.6110 -1.41 16_ z= -2.600_4
Bivalvia p-value = p-value = p-value = p-value = p-value = p-value =
0.09 0.04 0.008 0.004 0.08 0.005
z=- _ z=- z=- _
o 12679 | 2719399 11469 | 07423 | z=0.8975 | 27 0-3541
Cnidaria p-value = p-value =
p-value = 0.0253 p-value= | p-value = 0.18 0.29
0.10 ' 0.12 0.23 )
. 14582 z=-2.037_3 0.6154 z= 0.740_2 z= 1.834_3 220.942_9
Echinod. _ | p-value= _ p-value = p-value = p-value =
p-value = p-value =
0.07 0.02 0.27 0.23 0.03 0.17
Z =- = Z = - = = =
. 2.3149 z —-2.591_1 0.4682 z 0.351_3 z 2.311_6 z 0.361_1
Eucarida —value = p-value = —value = p-value = p-value = p-value =
P 0.008 0.005 P 0.32 0.36 0.01 0.36
= = Z = = = = -
Gastropoda: z= 2.134_9 z 0.375_6 2.4231 z 2.159_8 z 3.921_5 2.629_2
Limpet p-value= | p-value = p-value = p-value = | p-value= p-value =
0.01 0.35 0.007 0.01 0.0000 0.004
= = Z = = = =
Gastropoda: z= 1i238—7 z (1).78_3 1.8896 z 1.845_2 z 3.159:1 z 0.898_2
Snail p-value= | p-value= p-value = p-value = | p-value= p-value =
0.11 0.22 0.03 0.03 0.001 0.184
2017 Transition

8!3C: Kruskal-Wallis, Chi-squared = 12.322, df = 7, p-value = 0.09
8!°N: Kruskal-Wallis, Chi-squared = 11.562, df = 7, p-value = 0.11

2018 Active

8!3C: Kruskal-Wallis, Chi-squared = 11.339, df = 8, p-value = 0.18
8'°N: Kruskal-Wallis, Chi-squared = 17.668, df = 8, p-value = 0.02*
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Dunn’s test for §'°N: Significant values (p < 0.025) in bold.

Annelida Bivalvia Cnidaria Echinod. Eucarida Gas.t ropoda Gastrop oda
Limpet Snail
z=1.8785
Bivalvia p-value =
0.03
Z = -
z=-1.3542
Cnidaria p-value = 2'3167_
0.09 p-value =
) 0.01
. Z:-0.845_1 12093 z= 1.628_0
Echinod. p-value = —value = p-value =
019 | PIHY 0.05
. Z =- — =-
. 2=02985 1y 559y | 2707950 6997
Eucarida p-value = _ | p-value= _
0.38 p-value = 0.22 p-value =
) 0.06 ) 0.24
Gastropoda: z=3.044:| 0.5221 z=2.511_1 zZ= 1.177_3 z= 1.516_7
Limpet p-value = p-value = p-value = | p-value= | p-value=
0.001 030 0.006 0.11 0.06
. = _ — Z =- — = _
Gastropoda: z= 1.200_1 z 1.42_8 z 1.708_6 0.1462 z 0.680_2 z 1.8219
Snail p-value= | p-value= | p-value= p-value = p-value = p-value =
0.11 0.08 0.04 0.25 0.03
0.44
= Z =- = = =" = - = -
. z= —0.88416 2.1087 z 0.728_7 z 1.271_8 02016 z 2.645_8 z 1.448_0
Peracarida p-value = —value = p-value= | p-value = —value = p-value = p-value =
0.19 P 0.01 0.23 0.10 P 0.42 0.004 0.07

2018 Inner transition
8!3C: Kruskal-Wallis, Chi-squared = 12.745, df = 7, p-value = 0.08
8!°N: Kruskal-Wallis, Chi-squared = 10.432, df = 7, p-value = 0.16

2018 Outer transition
8!3C: Kruskal-Wallis, Chi-squared = 2.7857, df = 2, p-value = 0.25
8!°N: Kruskal-Wallis, Chi-squared = 4.5, df = 2, p-value = 0.10
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Appendix 6.12: Statistical tests among taxa of invertebrate macrofauna on experimental
carbonate rocks deployed for 7 years (2010-2017) at active and transition sites at Mound 12

Active sites

8!3C: Kruskal-Wallis, Chi-squared = 11.849, df = 4, p-value = 0.02*

8!°N: Kruskal-Wallis Chi-squared = 22.402, df = 4, p-value < 0.001*

Dunn’s test: Below diagonal: tests for 8'°C values, Above diagonal: tests for 8'°N values.
Significant values (p < 0.025) in bold.

Annelida Bivalvia Eucarida Gas.t ropoda Gastropoda
Limpet Snail
Annelida z=13.3041 z=-1.7489 z=10.2278 z=-0.8293
p-value = 0.002 p-value = 0.08 p-value =0.41 p-value = 0.25
Bivalvia z=0.4135 z=-4.1980 z=-1.9648 z=-2.9884
p-value = 0.38 p-value = 0.0001 | p-value=0.06 | p-value =0.004
Eucarida z=-2.1107 z=-2.3367 z=1.4943 z=10.5788
p-value =0.06 | p-value =0.05 p-value =0.11 p-value = 0.31
Gastropoda: z=2.0323 z=1.6942 z=13.3254 z=-0.8358
Limpet p-value =0.05 | p-value =0.07 p-value = 0.004 p-value = 0.28
Gastropoda: z=0.5012 z=0.2118 z=1.9994 z=-1.2104
Snail p-value =0.36 | p-value =0.42 p-value = 0.04 p-value=0.16

Transition sites
8!3C: Kruskal-Wallis, Chi-squared = 8.7778, df = 5, p-value = 0.12
8!°N: Kruskal-Wallis, Chi-squared = 4.2368, df = 5, p-value = 0.51
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Appendix 6.13: Statistical tests within taxa of invertebrate macrofauna isotopic composition
among experimental carbonate rock, bone and wood deployed at active sites for 7 years (2010-
2017) at Mound 12

Annelida
8!3C: Kruskal-Wallis, Chi-squared = 4.2762, df = 2, p-value = 0.12
8!°N: Kruskal-Wallis, Chi-squared = 0.26087, df = 2, p-value = 0.88

Cnidaria: no data for cnidarians on rock and bone

Eucarida

8!3C: Kruskal-Wallis, chi-squared = 0.17262, df = 2, p-value = 0.92
8!°N: Kruskal-Wallis, Chi-squared = 1.6333, df = 2, p-value = 0.44
Peracarida: no data for peracarids on rock and wood

Echinodermata: no data for echinoderms on rock and wood

Bivalvia: rock vs wood
813C: Wilcox test, W = 65.5, p-value = 1.00
8!°N: Wilcox test, W = 52, p-value = 0.41

Gastropoda: Snail
8!3C: Kruskal-Wallis, chi-squared = 2.2227, df = 2, p-value = 0.32
8!°N: Kruskal-Wallis, chi-squared = 0.32273, df = 2, p-value = 0.85

Gastropoda: Limpet

8!3C: Kruskal-Wallis, Chi-squared = 1.95, df = 2, p-value = 0.38
8!°N: Kruskal-Wallis, Chi-squared = 2.6854, df = 2, p-value = 0.26
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Appendix 6.14: Statistical tests within taxa of invertebrate macrofauna isotopic composition
among experimental carbonate rock, bone and wood deployed at transition sites for 7 years
(2010-2017) at Mound 12

Annelida

d13C: Kruskal-Wallis, chi-squared = 2.0509, df = 2, p-value = 0.36
S5N: Kruskal-Wallis, chi-squared = 7.293, df = 2, p-value = 0.03*
Rock vs Bone: Dunn’s test, z = -1.1025, p-value = 0.13

Rock vs Wood: Dunn’s test, z = -1.2412, p-value = 0.16

Bone vs Wood: Dunn’s test, z = -2.6944, p-value = 0.01*

Cnidaria: no data for cnidarians on rock and bone at transition sites
Eucarida: no data for cnidarians on rock and bone at transition sites

Peracarida: rock vs wood
813C: Wilcox test, W = 3, p-value = 0.50
8!°N: Wilcox test, W = 0, p-value = 0.50

Echinodermata
8!3C: Kruskal-Wallis, chi-squared = 1.7667, df = 2, p-value = 0.41
8!°N: Kruskal-Wallis, chi-squared = 1.6667, df = 2, p-value = 0.43

Bivalvia: bone vs wood
813C: Wilcox test, W = 4, p-value = 0.40
8!°N: Wilcox test, W = 0, p-value = 0.40

Gastropoda: Snail: rock vs wood
813C: Wilcox test, W = 4, p-value = 0.80
8!°N: Wilcox test, W = 0, p-value = 0.20

Gastropoda: Limpet: rock vs wood

813C: Wilcox test, W = 0, p-value = 0.13
8!°N: Wilcox test, W = 6, p-value = 0.53
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Appendix 6.15: Statistical tests within taxa of invertebrate macrofauna isotopic composition
among experimental carbonate rocks transplanted across seepage gradients for 17 months (2017-
2018) at Mound 12

Annelida
8!3C: Kruskal-Wallis, Chi-squared = 7.8252, df = 5, p-value = 0.17
8!°N: Kruskal-Wallis chi-squared = 7.202, df = 5, p-value = 0.21

Cnidaria

8!3C: Kruskal-Wallis, chi-squared = 4.3933, df = 3, p-value = 0.22
8!°N: Kruskal-Wallis chi-squared = 8.725, df = 3, p-value = 0.03*
Dunn’s test for 8'°N values: Significant values (p < 0.025) in bold.

A-OT IT-A IT-F
z=1.6216
IT-A ) value =0.10
IT-F z=10.6770 z=-1.2247
p-value =0.30 | p-value =0.16
IT-OT z=2.6879 z=10.1291 z=2.0412
p-value = 0.021 | p-value = 0.45 | p-value = 0.06

Eucarida
813C: Kruskal-Wallis, Chi-squared = 2, df = 2, p-value = 0.37
8!°N: Kruskal-Wallis, Chi-squared = 2, df = 2, p-value = 0.37

Peracarida
8!3C: Kruskal-Wallis, chi-squared = 5.1429, df = 3, p-value = 0.16
8!°N: Kruskal-Wallis, Chi-squared = 4.0357, df = 3, p-value = 0.26

Echinodermata
8!3C: Kruskal-Wallis, chi-squared = 3.1429, df = 3, p-value = 0.37
8'N: Kruskal-Wallis chi-squared = 3.5714, df = 3, p-value = 0.31

Bivalvia: A-IT vs IT-A
813C: Wilcox test, W = 12, p-value = 0.66
8!°N: Wilcox test, W = 26, p-value = 0.052

Gastropoda: Snail: A-IT vs IT-A
813C: Wilcox test, W = 26, p-value = 0.20
8!°N: Wilcox test, W = 30, p-value = 0.05*

Gastropoda: Limpet

8!3C: Kruskal-Wallis, chi-squared = 1.5974, df = 2, p-value = 0.45
8!°N: Kruskal-Wallis, Chi-squared = 5.026, df = 2, p-value = 0.08
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Appendix 6.16: Statistical tests of isotopic composition among annelids on experimental
carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12
and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active:

813C: Wilcox test, W = 122, p-value = 0.64
8!°N: Wilcox test, W = 143, p-value = 0.19
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 72, p-value = 0.41
8!°N: Wilcox test, W = 56, p-value = 0.11

Active to Outer Transition (A-OT)
A-OT vs 2017 Active:

813C: Wilcox test, W = 20, p-value = 0.31
8!°N: Wilcox test, W = 42, p-value = 0.50
A-OT vs 2018 Outer transition:

813C: Wilcox test, W = 0, p-value = 0.20
8!°N: Wilcox test, W = 0, p-value = 0.20

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 84, p-value = 0.96
8!°N: Wilcox test, W = 47, p-value = 0.07
IT-A vs 2018 Active:

813C: Wilcox test, W = 271, p-value = 0.90
8!°N: Wilcox test, W = 308, p-value = 0.55

Inner transition to Outer transition (IT-OT)
IT-OT vs 2017 Transition:

813C: Wilcox test, W = 13, p-value = 0.66
8!°N: Wilcox test, W = 15, p-value = 0.88
IT-OT vs 2018 Quter transition:

813C: Wilcox test, W = 2, p-value = 0.80

8!°N: Wilcox test, W = 2, p-value = 0.80

Active to Background (A-B)

A-B vs 2017 Active:

813C: Wilcox test, W = 91, p-value = 0.26
8!°N: Wilcox test, W = 168, p-value = 0.07

Inner transition to Background (IT-B)
IT-B vs 2017 Transition:

813C: Wilcox test, W =21, p-value = 0.051
8!°N: Wilcox test, W = 19, p-value = 0.15
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Appendix 6.17: Statistical tests of isotopic composition among cnidarians on experimental
carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12
and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT): no data for cnidarians on A-IT rocks

Active to Outer Transition (A-OT)
A-OT vs 2017 Active:

813C: Wilcox test, W = 15, p-value = 0.17
8!°N: Wilcox test, W = 17, p-value = 0.05*
A-OT vs 2018 Outer transition:

813C: Wilcox test, W = 11, p-value = 0.91
8!°N: Wilcox test, W = 21, p-value = 0.07

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 3, p-value = 1.00
8!°N: Wilcox test, W = 2, p-value = 1.00
IT-A vs 2018 Active:

813C: Wilcox test, W = 1, p-value = 1.00
8!°N: Wilcox test, W = 0, p-value = 1.00

Inner transition to Outer transition (IT-OT)
IT-OT vs 2017 Transition:

813C: Wilcox test, W = 14, p-value = 0.07
8!°N: Wilcox test, W = 6, p-value = 0.78
IT-OT vs 2018 Outer transition:

813C: Wilcox test, W = 6, p-value = 1.00

8!°N: Wilcox test, W = 0, p-value = 0.06

Active to Background (A-B): no data for cnidarians on A-B rocks

Inner transition to Background (IT-B)
IT-B vs 2017 Transition:

813C: Wilcox test, W = 25, p-value = 0.008*
8!°N: Wilcox test, W = 20, p-value = 0.15
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Appendix 6.18: Statistical tests of isotopic composition among eucarid crustaceans on
experimental carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at
Mound 12 and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT): no data for eucarids on A-IT rocks

Active to Outer Transition (A-OT)

A-OT vs 2017 Active:

813C: Wilcox test, W = 3, p-value = 1.00

8!°N: Wilcox test, W = 6, p-value = 0.28

A-OT vs 2018 Outer transition: no data for eucarids on 2018 in situ outer transition rocks

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 2, p-value = 0.67
8!°N: Wilcox test, W = 1, p-value = 1.00
IT-A vs 2018 Active:

813C: Wilcox test, W = 0, p-value = 1.00
8!°N: Wilcox test, W = 1, p-value = 1.00

Inner transition to Outer transition (IT-OT): no data for eucarids on IT-OT rocks

Active to Background (A-B)

A-B vs 2017 Active:

813C: Wilcox test, W = 6, p-value = 0.28
8!°N: Wilcox test, W = 6, p-value = 0.28

Inner transition to Background (IT-B): no data for eucarids on IT-B rocks
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Appendix 6.19: Statistical tests of isotopic composition among peracarid crustaceans on
experimental carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at
Mound 12 and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active: no data for peracarids on 2017 Active in situ rocks
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 8, p-value = 0.13

8!°N: Wilcox test, W = 8, p-value = 0.13

Active to Outer Transition (A-OT): no data for peracarids on A-OT rocks
Inner transition to Active (IT-A): no data for peracarids on IT-A rocks

Inner transition to Outer transition (IT-OT)
IT-OT vs 2017 Transition:

813C: Wilcox test, W = 4, p-value = 0.80

8!°N: Wilcox test, W = 6, p-value = 0.20
IT-OT vs 2018 Quter transition:

813C: Wilcox test, W = 1, p-value = 1.00

8!°N: Wilcox test, W = 2, p-value = 1.00

Active to Background (A-B): no data for peracarids on 2017 in situ active rocks

Inner transition to Background (IT-B)
IT-B vs 2017 Transition:

813C: Wilcox test, W = 2, p-value = 0.67
8!°N: Wilcox test, W = 2, p-value = 0.67
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Appendix 6.20: Statistical tests of isotopic composition among echinoderms on experimental
carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12
and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active:

813C: Wilcox test, W = 0, p-value = 1.00
8!°N: Wilcox test, W = 1, p-value = 1.00
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 2, p-value = 0.67
8!°N: Wilcox test, W = 2, p-value = 0.67

Active to Outer Transition (A-OT)

A-OT vs 2017 Active:

813C: Wilcox test, W = 0, p-value = 0.67

8!°N: Wilcox test, W = 2, p-value = 0.67

A-OT vs 2018 Outer transition: no data for echinoderms on 2018 in situ outer transition rocks

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 0, p-value = 0.33
8!°N: Wilcox test, W = 1, p-value = 0.67
IT-A vs 2018 Active:

813C: Wilcox test, W = 1, p-value = 1.00
8!°N: Wilcox test, W = 0, p-value = 0.50

Inner transition to Outer transition (IT-OT)

IT-OT vs 2017 Transition:

813C: Wilcox test, W = 2, p-value = 0.38

8!°N: Wilcox test, W = 8, p-value = 0.38

IT-OT vs 2018 Outer transition: no echinoderms on 2018 in situ outer transition rocks

Active to Background (A-B): no data for echinoderms on A-B rocks

Inner transition to Background (IT-B): no data for echinoderms on IT-B rocks
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Appendix 6.21: Statistical tests of isotopic composition among bivalves on experimental
carbonate rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12
and on in situ rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active:

813C: Wilcox test, W = 8, p-value = 0.38
8!°N: Wilcox test, W = 6, p-value = 0.86
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 1, p-value = 0.67
8!°N: Wilcox test, W = 0, p-value = 0.33

Active to Outer Transition (A-OT): no data for bivalves on A-OT rocks

Inner transition to Active (IT-A): no data for bivalves on IT-A rocks

Inner transition to Outer transition (IT-OT): no data for bivalves on IT-OT rocks
Active to Background (A-B)

A-B vs 2017 Active:

813C: Wilcox test, W = 12, p-value = 0.07
8!°N: Wilcox test, W = 5, p-value = 0.86

Inner transition to Background (IT-B): no data for bivalves on IT-B rocks
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Appendix 6.22: Statistical tests of isotopic composition among snails on experimental carbonate
rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12 and on in situ
rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active:

813C: Wilcox test, W = 72, p-value = 0.1851
8!°N: Wilcox test, W = 87, p-value = 0.01651
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 17, p-value = 0.6485
8!°N: Wilcox test, W = 18, p-value = 0.5273

Active to Outer Transition (A-OT): no data for snails on A-OT rocks

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 7, p-value = 0.55
8!°N: Wilcox test, W = 5, p-value = 0.28
IT-A vs 2018 Active:

813C: Wilcox test, W = 18, p-value = 0.32
8!°N: Wilcox test, W = 24, p-value = 0.73

Inner transition to Outer transition (IT-OT): no data for snails on IT-OT rocks
Active to Background (A-B): no data for snails on A-B rocks

Inner transition to Background (IT-B): no data for snails on IT-B rocks
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Appendix 6.23: Statistical tests of isotopic composition among limpets on experimental carbonate
rocks transplanted across seepage gradients for 17 months (2017-2018) at Mound 12 and on in situ
rock at the initial site collected in 2017 and end site collected in 2018

Active to Inner transition (A-IT)

A-IT vs 2017 Active:

813C: Wilcox test, W = 39, p-value = 0.12
8!°N: Wilcox test, W = 82, p-value = 0.39
A-IT vs 2018 Inner transition:

813C: Wilcox test, W = 0, p-value = 0.06
8!°N: Wilcox test, W = 2, p-value = 0.22

Active to Outer Transition (A-OT)

A-OT vs 2017 Active:

813C: Wilcox test, W = 16, p-value = 0.77

8!°N: Wilcox test, W = 38, p-value = 0.009*

A-OT vs 2018 Outer transition: no data for limpet on 2018 in sifu outer transition rocks

Inner transition to Active (IT-A)

IT-A vs 2017 Transition:

813C: Wilcox test, W = 2, p-value = 0.20
8!°N: Wilcox test, W = 2, p-value = 0.80
IT-A vs 2018 Active:

813C: Wilcox test, W = 1, p-value = 0.14
8!°N: Wilcox test, W = 7.5, p-value = 0.74

Inner transition to Outer transition (IT-OT)
IT-OT vs 2017 Transition:

313C: Wilcox test,

85N: Wilcox test,

IT-OT vs 2018 Quter transition:

313C: Wilcox test,

85N: Wilcox test,

Active to Background (A-B): no data for limpets on A-B rocks

Inner transition to Background (IT-B): no data for limpets on IT-B rocks
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APPENDIX 7: Raw isotope data of invertebrate macrofauna at Mound 12

Appendix 7.1: Mean §'3C and 8'°N values (Avg. %o) and standard error (SE. %o) of invertebrate
macrofauna on in situ carbonate rocks collected across seepage gradients at Mound 12 in 2017
and 2018. Raw data used for biplots. A: Active, T: Transition, IT: Inner Transition, OT: Outer

transition.

In situ carbonate rocks

croe | S T
2017 A Ampharetidae -34.7 0.5 - -
2017 A Archinome levinae -37.7 32 3.0 4.1
2017 A Amphisamytha sp. -39.0 4.5 - -
2017 A Anemone -35.2 4.0 - -
2017 A Bathymodiolus sp. -36.3 -4.9 - -
2017 A Bathymodiolus earlougheri -77.1 -10.8 - -
2017 A Polyplacophora -48.9 6.4 - -
2017 A Cocculinidae -44.6 4.4 - -
2017 A Folliculinidae -35.0 -3.7 - -
2017 A Hesionidae -354 6.6 0.7 1.8
2017 A Kanoia sp. -394 5.6 0.8 0.5
2017 A Kiwa puravida -28.5 5.2 1.2 0.5
2017 A Laminatubus sp. -47.4 4.2 - -
2017 A Lepetodrilus sp. -30.6 2.9 2.9 0.3
2017 A Lepetodrilus georgeschneideri -40.5 5.7 - -
2017 A Maldanidae -44.2 6.3 - -
2017 A Nemertea -29.8 8.8 4.5 1.4
2017 A Neoamphitrite sp. -39.7 5.7 0.7 0.2
2017 A Neoamphitrite sp. -34.9 7.8 0.3 0.4
2017 A Neolepetopsis sp. -55.3 1.2 2.0 0.8
2017 A Nereidae -36.6 0.1 - -
2017 A Ophiuroidea -19.8 7.0 - -
2017 A Ophryotrocha sp. -31.9 6.8 - -
2017 A Paralepetopsis sp. -54.3 5.2 0.5 0.0
2017 A Paraonidae -34.6 5.4 - -
2017 A Polynoidae -35.9 0.7 1.4 1.3
2017 A Provanna laevis -37.6 4.6 1.2 0.5
2017 A Pyropelta sp. -44.3 1.9 2.1 0.7
2017 A Swiftia sp. -27.9 3.3 0.7 5.8
2017 A Syllidae -28.0 14.8 - -
2017 A Terebellidae -34.7 3.0 2.2 1.4

138




A

pendix 7.1 continued.

In situ carbonate rocks

crane | S [
2017 T Amphipoda -24.5 9.3 NA NA
2017 T Aplacophora -40.8 9.7 NA NA
2017 T Polyplacophora -49.4 6.3 2.5 0.8
2017 T Galatheidae -34.5 8.2 NA NA
2017 T Gammaridae -33.8 8.1 NA NA
2017 T Hesionidae -22.5 10.3 0.0 0.2
2017 T Hydroid -31.5 5.1 1.9 1.0
2017 T Kanoia sp. -40.2 9.0 NA NA
2017 T Laminatubus sp. -45.4 5.6 NA NA
2017 T Lepetodrilus sp. -30.0 4.7 1.7 1.3
2017 T Maldanidae -36.9 10.4 14.4 4.6
2017 T Neoamphitrite sp. -37.6 10.4 NA NA
2017 T Ophiuroidea -22.1 7.4 34 1.6
2017 T Paraonidae -65.0 10.0 NA NA
2017 T Polynoidae -30.4 10.4 4.8 1.6
2017 T Provanna laevis -33.9 53 5.0 0.1
2017 T Shrimp -25.1 9.5 NA NA
2017 T Swiftia sp. -27.0 10.4 1.1 2.2
2017 T Terebellidae -39.3 7.2 NA NA
2018 A Alvinocaris sp. -21.1 7.5 NA NA
2018 A Amphiduropsis axialensis -33.5 59 0.5 2.9
2018 A Archinome levinae -32.7 -0.1 0.6 6.8
2018 A Aonides sp. -38.7 6.0 4.8 0.5
2018 A Bathykurila sp. -26.0 5.2 6.3 4.6
2018 A Bathymodiolus earlougheri -36.8 -10.4 NA NA
2018 A Branchinotoglanda sp. -31.8 3.7 NA NA
2018 A Polyplacophora sp. 1 -37.3 4.5 NA NA
2018 A Cirratulidae -28.0 8.5 NA NA
2018 A Eulepetopsis sp. -40.6 2.1 NA NA
2018 A Eunice sp. -22.9 11.5 NA NA
2018 A Eupolymnia amphiduropsis -36.1 53 NA NA
2018 A Eupolymnia heterobranchia -35.2 4.1 NA NA
2018 A Eupolymnia sp. -38.0 8.2 NA NA
2018 A Gyptis robertscrippsii -33.7 7.0 2.0 1.0
2018 A Harpinae sp. -42.5 83 NA NA
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A

pendix 7.1 continued.

In situ carbonate rocks

crane | S [
2018 A Hesionidae -33.6 7.2 23 0.1
2018 A Hesionidae -34.5 6.1 NA NA
2018 A Hydroid -30.4 11.5 NA NA
2018 A Kanoia sp. -39.3 6.2 2.1 0.7
2018 A Kanoia myronfeinergi -43.3 8.1 NA NA
2018 A Lacydonia sp. -35.5 9.0 2.9 1.2
2018 A Lacydonidae -25.8 10.9 NA NA
2018 A Laminatubus sp. -45.4 23 NA NA
2018 A Laminatubus sp. 2 -39.2 4.0 NA NA
2018 A Lepetodrilus sp. -35.5 5.7 NA NA
2018 A Leptognathiidae -353 5.9 NA NA
2018 A Lumbrineridae -25.6 14.3 NA NA
2018 A Maldanidae sp. 1 -61.5 7.8 4.1 0.3
2018 A Maldanidae sp. 2 -56.2 6.5 NA NA
2018 A Neolepetopsis sp. -34.0 -0.1 NA NA
2018 A Nicomache sp. -59.9 7.8 2.5 0.9
2018 A Ophiuroidea sp. 1 -29.2 5.6 NA NA
2018 A Ophiuroidea -29.3 5.5 2.8 1.3
2018 A Paralepetopsis sp. -55.7 3.5 NA NA
2018 A Paraonidae -46.5 10.7 NA NA
2018 A Parougia cerulibohnorum -27.3 3.1 NA NA
2018 A Parougia sulleyi -16.4 10.9 NA NA
2018 A Protis sp. -37.7 6.4 7.2 4.7
2018 A Provanna laevis -34.5 5.0 1.4 1.1
2018 A Pyropelta sp. -43.5 3.0 3.8 0.2
2018 A Raricirrus maculatus -32.1 8.5 NA NA
2018 A Stenula sp. -21.6 13.8 NA NA
2018 IT Amphiduropsis axialensis -27.6 7.0 3.7 0.7
2018 IT Anemone -26.7 11.2 NA NA
2018 IT Brada sp. -47.2 4.5 NA NA
2018 IT Capitellidae -31.0 9.7 NA NA
2018 IT Polyplacophora -51.0 7.2 NA NA
2018 IT Polyplacophora sp. 1 -48.7 5.8 32 0.7
2018 IT Cirratulidae -29.3 12.3 NA NA
2018 IT Cnidaria -29.6 7.5 NA NA
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A

pendix 7.1 continued.

In situ carbonate rocks

crane | S [
2018 IT Cuspidaria sp. -30.4 10.9 NA NA
2018 IT Eugerda sp. -23.0 4.5 NA NA
2018 IT Eupolymnia heterobranchia -28.6 12.3 NA NA
2018 IT Eupolymnia sp. -30.8 9.8 NA NA
2018 IT Hesionidae -35.5 5.9 NA NA
2018 IT Hydroid -28.3 8.2 1.4 0.8
2018 IT Kanoia sp. -43.8 10.1 NA NA
2018 IT Kanoia myronfeinergi -38.2 6.5 12.6 0.2
2018 IT Lacydonia sp. -39.3 8.6 NA NA
2018 IT Laminatubus paulbrooksi -26.7 13.0 NA NA
2018 IT Lepetodrilus sp. -23.6 7.1 NA NA
2018 IT Maldanidae -30.9 10.4 NA NA
2018 IT Maldanidae sp. 1 -31.9 10.1 NA NA
2018 IT Nereidae -43.2 4.7 NA NA
2018 IT Ophiuroidea -33.2 5.8 34 0.7
2018 IT Paralepetopsis sp. -42.4 3.6 NA NA
2018 IT Parougia sp. -26.5 6.0 NA NA
2018 IT Protis sp. -26.9 11.3 NA NA
2018 IT Provanna laevis -32.7 5.2 NA NA
2018 IT Sabellidae -26.2 11.2 NA NA
2018 IT Stenothoidae -25.9 7.5 NA NA
2018 IT Syllidae -36.3 4.5 NA NA
2018 IT Tryphosinidae -30.4 6.6 24 1.2
2018 OT Amphiduropsis axialensis -27.9 9.6 NA NA
2018 OT Bonierella sp. -24.2 11.0 NA NA
2018 oT Cnidaria -27.3 6.9 NA NA
2018 oT Hydroids (white) -24.8 8.7 NA NA
2018 oT Hydroids (yellow) -24.6 8.9 1.2 0.3
2018 oT Phyllodocidae -25.9 13.0 NA NA
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Appendix 7.2: Mean §'3C and 8'°N values (Avg. %o) and standard error (SE. %o) of invertebrate
macrofauna on experimental carbonate rock, bone and wood deployed for 7 years (2010-2017) at
active and transition sites at Mound 12. Raw data used for biplots.

Colonization experiment (7 years)

Substrate Seeba2 | Taxa ABDIC | AVEDIN | SESC | SESN
Carbonate rock A Archinome levinae -37.0 2.6 3.1 1.8
Carbonate rock A Amphisamytha sp. -45.0 1.6 9.8 0.6
Carbonate rock A Bathymodiolus earlougheri -35.1 -7.4 1.1 0.7
Carbonate rock A Bathymodiolus nancyschneideri -36.1 -5.6 0.2 0.6
Carbonate rock A Brada sp. -35.9 1.8 NA NA
Carbonate rock A Polyplacophora -38.0 3.0 NA NA
Carbonate rock A Cirratulidae -32.1 3.7 NA NA
Carbonate rock A Cocculinidae -52.0 0.0 NA NA
Carbonate rock A Gyptis robertscrippsii -31.6 1.3 NA NA
Carbonate rock A Hesionidae -27.9 33 7.0 0.4
Carbonate rock A Idas sp. -28.8 0.8 6.1 4.8
Carbonate rock A Kiwa puravida -29.7 4.4 1.6 2.1
Carbonate rock A Lacydonia sp. -32.2 3.2 NA NA
Carbonate rock A Laminatubus sp. -48.9 -1.3 NA NA
Carbonate rock A Lepetodrilus sp. -36.4 2.6 NA NA
Carbonate rock A Neoamphitrite sp. -34.3 5.2 NA NA
Carbonate rock A Neoamphitrite sp. -38.0 3.7 NA NA
Carbonate rock A Neolepetopsis sp. -50.3 54 NA NA
Carbonate rock A Polynoidae -35.1 -1.3 NA NA
Carbonate rock A Provanna laevis -36.6 4.0 3.0 1.2
Carbonate rock A Pyropelta sp. -36.4 2.4 NA NA
Carbonate rock A Shrimp -23.0 9.6 NA NA
Bone A Amphipoda -22.1 8.0 NA NA
Bone A Cirratulidae -16.8 0.1 NA NA
Bone A Kiwa puravida -27.5 4.2 1.7 0.3
Bone A Lepetodrilus sp. -28.9 3.9 NA NA
Bone A Ophiuroidea -28.1 4.0 NA NA
Bone A Ophryotrocha sp. -22.4 5.8 NA NA
Bone A Provanna laevis -30.4 4.3 1.1 0.1
Bone A Pyropelta sp. -34.2 54 24 0.5
Wood A Archinome levinae -37.1 1.5 NA NA
Wood A Bathymodiolus earlougheri -35.7 -6.5 0.2 0.8
Wood A Bathymodiolus nancyschneideri -35.8 -3.8 0.6 0.8
Wood A Kanoia sp. -38.8 6.6 NA NA
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Appendix 7.2 continued.

Colonization experiment (7 years)

Substrate Seeba2 | Taxa AEDIC | AVEDIN | SESC | SESN
Wood A Kiwa puravida -31.0 5.1 2.6 1.1
Wood A Lepetodrilus sp. -30.0 4.3 0.8 0.7
Wood A Lepetodrilus shannonae -25.9 6.1 NA NA
Wood A Neoamphitrite sp. -32.7 1.7 NA NA
Wood A Neolepetopsis sp. -50.2 1.6 4.9 0.6
Wood A Polynoidae -353 -5.8 NA NA
Wood A Provanna laevis -33.7 3.7 1.7 0.7
Wood A Pyropelta sp. -40.7 1.0 2.6 1.1
Wood A Shrimp -42.9 6.6 20.5 1.0
Wood A Terebellidae -31.6 54 NA NA
Carbonate rock T Archinome levinae -22.7 8.5 NA NA
Carbonate rock T Amphipoda -25.4 9.7 NA NA
Carbonate rock T Cirratulidae -44.4 5.9 NA NA
Carbonate rock T Eulepetopsis sp. -24.3 3.6 NA NA
Carbonate rock T Flabellligeria sp. -31.1 7.9 NA NA
Carbonate rock T Gammaridae -26.3 9.9 NA NA
Carbonate rock T Isopoda -29.2 5.0 NA NA
Carbonate rock T Kanoia sp. -40.1 9.4 0.2 0.2
Carbonate rock T Nemertea -25.1 7.0 NA NA
Carbonate rock T Ophiuroidea -23.4 6.8 3.1 1.4
Carbonate rock T Phyllodocidae -28.2 13.7 NA NA
Carbonate rock T Pyropelta sp. -12.6 54 NA NA
Carbonate rock T Serpulidae -43.8 55 1.3 0.2
Bone T Archinome levinae -41.9 7.6 NA NA
Bone T Aplacophora -24.2 7.3 0.5 55
Bone T Hydroid -29.7 6.3 NA NA
Bone T Neoamphitrite sp. -21.2 54 NA NA
Bone T Nereidae -18.6 3.8 NA NA
Bone T Nicomache sp. -21.1 7.0 NA NA
Bone T Ophiuroidea -17.2 4.6 NA NA
Bone T Pliocardia kurplovata -34.3 7.7 NA NA
Bone T Provanna laevis -27.8 7.3 NA NA
Bone T Sabellidae -27.4 9.5 NA NA
Bone T Serpulidae -46.8 5.1 0.6 0.1
Bone T Terebellidae -19.9 5.8 NA NA
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Appendix 7.2 continued.

Colonization experiment (7 years)
Substrate Seeba2 | Taxa AEDIC | AVEDIN | SESC | SESN
Bone T Trichobranchidae -26.1 6.3 NA NA
Wood T Archinome levinae -27.3 9.4 34 0.7
Wood T Amphipoda -24.2 4.4 NA NA
Wood T Aplacophora -22.4 9.0 NA NA
Wood T Polyplacophora -36.8 6.9 4.9 0.7
Wood T Gyptis robertscrippsii -31.8 9.4 NA NA
Wood T Hesionidae -21.3 8.4 0.7 0.2
Wood T Hyalogyriniridae -22.2 2.2 NA NA
Wood T Kanoia sp. -39.6 9.1 NA NA
Wood T Kiwa puravida -24.4 1.8 NA NA
Wood T Lacydonia sp. -31.0 4.2 NA NA
Wood T Lepetodrilus sp. -27.7 54 1.8 0.8
Wood T Maldanidae -34.0 9.5 NA NA
Wood T Nemertea -20.9 10.3 NA NA
Wood T Neoamphitrite sp. -314 7.3 NA NA
Wood T Neolepetopsis sp. -49.0 59 NA NA
Wood T Ophiuroidea -26.4 4.2 1.8 1.2
Wood T Platyhelminthes -20.0 2.8 0.6 1.5
Wood T Polynoidae -27.3 12.3 NA NA
Wood T Provanna laevis -47.1 2.3 NA NA
Wood T Terebellidae -32.5 9.5 NA NA
Wood T Teredo -20.2 4.6 0.5 0.7
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Appendix 7.3: Mean §'3C and 8'°N values (Avg. %o) and standard error (SE. %o) of invertebrate
macrofauna on experimental carbonate rocks transplanted across seepage gradients for 17
months. Rocks were transplanted from: active to inner transition (A-IT), active to outer transition
(A-OT), inner transition to active (IT-A), inner transition to outer transition (IT-OT), active to
background (A-B), and inner transition to background (IT-B). Raw data used for biplots.

Transplant experiment (17 months)
Treatment | Taxa Avg.83C (%0) | Avg.8'5N (%o) | SE.33C (%o) | SE.8"N (%o)
A-IT Archinome levinae -34.6 7.4 NA NA
A-IT Bathykurila sp. -353 1.6 NA NA
A-IT Bathymodiolus earlougheri -36.0 -6.9 0.2 0.2
A-IT Polyplacophora sp. 1 -52.3 6.2 NA NA
A-IT Eupolymnia sp. -34.9 6.3 NA NA
A-IT Eusiridae -16.6 14.2 NA NA
A-IT Gnathidae -18.2 14.0 NA NA
A-IT Gyptis robertscrippsii -35.5 3.6 NA NA
A-IT Gyptis sp. -21.2 11.0 NA NA
A-IT Heterobranchia -25.7 10.7 NA NA
A-IT Kanoia sp. -354 9.4 34 1.4
A-IT Kanoia myronfeinergi -35.9 8.6 4.9 1.9
A-IT Lacydonia sp. -28.9 9.5 NA NA
A-IT Laminatubus sp. -45.1 33 3.1 0.1
A-IT Nemertea, white -30.3 11.4 NA NA
A-IT Neolepetopsis sp. -63.0 2.5 NA NA
A-IT Ophiuroidea -21.5 10.8 NA NA
A-IT Paralepetopsis sp. -53.8 3.7 0.7 1.2
A-IT Paraonidae -19.8 11.7 NA NA
A-IT Provanna laevis -35.3 5.1 NA NA
A-IT Pyropelta sp. 1 -44.9 2.9 NA NA
A-IT Pyropelta sp. 2 -43.0 5.6 NA NA
A-IT Solemyidae -20.3 10.2 NA NA
A-IT Trichobranchidae -38.1 8.1 NA NA
A-OT Archinome levinae -32.7 7.4 NA NA
A-OT Anemone -25.9 11.4 1.7 1.0
A-OT Brachyura -27.3 10.7 NA NA
A-OT Polyplacophora -51.3 6.2 1.7 0.6
A-OT Cirratulus sp. -41.9 7.4 NA NA
A-OT Hydroid -25.5 10.0 2.1 2.1
A-OT Laminatubus sp. 2 -47.7 2.9 NA NA
A-OT Nemertea -30.4 7.9 NA NA
A-OT Ophiuroidea -24.4 9.2 1.6 1.3
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Appendix 7.3 continued.

Transplant experiment (17 months)

Treatment | Taxa Avg.83C (%0) | Avg.8'5N (%o) | SE.83C (%o) | SE.8"N (%o)
A-OT Paralepetopsis sp. -46.9 8.9 0.1 0.1
IT-A Amphiduropsis axialensis -33.1 7.8 0.4 1.2
IT-A Archinome levinae -35.7 5.8 NA NA
IT-A Amphisamytha sp. -38.3 4.8 NA NA
IT-A Aonides sp. -28.9 8.4 NA NA
IT-A Bathykurila sp. -34.1 9.1 NA NA
IT-A Branchypolynoe sp. -47.4 8.9 NA NA
IT-A Polyplacophora -46.2 6.0 1.7 0.3
IT-A Eupolymnia heterobranchia -33.6 7.1 NA NA
IT-A Gyptis robertscrippsii -37.4 8.0 NA NA
IT-A Hydroid -28.9 53 NA NA
IT-A Kanoia sp. -37.7 8.2 NA NA
IT-A Kanoia myronfeinergi -41.4 4.5 NA NA
IT-A Laminatubus sp. -42.6 3.8 NA NA
IT-A Laminatubus paulbrooksi -44.5 34 NA NA
IT-A Maldanidae -30.9 10.2 NA NA
IT-A Ophiuroidea -29.8 4.0 NA NA
IT-A Ophryotrocha sp. -30.2 6.3 NA NA
IT-A Paralepetopsis sp. -55.7 32 NA NA
IT-A Provanna laevis -394 3.9 4.0 1.2
IT-A Pyropelta sp. -50.3 34 NA NA
IT-A Shrimp sp. 1 -22.8 9.1 NA NA
IT-A Sirsoe dalilamai -36.5 9.0 NA NA
IT-A Tubulanus sp. -33.7 9.4 0.1 0.5
IT-OT Amphipoda -20.5 14.2 NA NA
IT-OT Polyplacophora -45.7 9.1 2.7 0.6
IT-OT Crysopetalidae -23.0 13.1 NA NA
IT-OT Gnathidae -31.5 11.2 NA NA
IT-OT Hydroid -25.6 5.3 0.8 0.5
IT-OT Nemertea -21.6 11.6 2.0 1.6
IT-OT Ophiuroidea sp. 1 -29.9 8.5 NA NA
IT-OT Ophiuroidea -23.4 9.4 NA NA
IT-OT Serpulidae -42.8 6.9 1.6 0.6
IT-OT Stenula sp. -24.5 10.4 NA NA
A-B Bathymodiolus nancyschneideri -35.5 -6.5 0.2 3.1
A-B Capitella sp. -64.3 8.7 6.6 1.1
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Appendix 7.3 continued.

Transplant experiment (17 months)

Treatment | Taxa Avg.83C (%0) | Avg.8'5N (%o) | SE.83C (%0) | SE.8'5N (%o)
A-B Polyplacophora -42.4 2.6 NA NA
A-B Lamellibranchia sp. -22.5 4.6 0.2 1.8
A-B Munidopsis lanensis -21.0 10.4 NA NA
A-B Nereidae -38.2 32 NA NA
A-B Ophryotrocha sp. -22.7 10.7 NA NA
A-B Phyllochaetopterus sp. -52.9 7.6 0.1 0.5
A-B Raricirrus maculatus -72.8 7.6 15.8 0.9
A-B Thoracica -21.8 9.9 NA NA
A-B Tubularis sp. -27.5 6.8 NA NA
A-B Vestimentifera -27.8 1.1 NA NA
IT-B Aegiddae -18.0 17.6 NA NA
IT-B Aplacophora -29.5 9.3 5.1 32
IT-B Cirripedia -22.0 7.2 NA NA
IT-B Hydroid -23.8 10.0 0.4 1.0
IT-B Phyllodocidae -21.1 14.1 NA NA
IT-B Spiophanes sp. -19.7 12.3 NA NA
IT-B Tubularis sp. -19.7 -2.5 NA NA
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