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Activities and Findings:

Cruise objectives:  The primary objectives of this research were to (a) recover recolonization experiments (rock, wood, shell, tubes) from Mound 12 on the Costa Rica Margin, (b) sample invertebrates in surrounding sediments and carbonate rocks, mussel, clam and tubeworm beds for comparison, and (c) conduct CTD casts and water sampling over and away from seeps to characterize seep-influenced waters and examine ENSO effects on hydrography. Community components studied included associated megafauna, attached epifauna, endofauna (i.e. cryptofauna), and endolithofauna, as well as the biogeochemistry of carbonate environments experienced by these organisms.  
This RAPIDS award provided an opportunity to conduct parallel experiments to those planned for 2010-11 at Hydrate Ridge, but in a contrasting (higher) oxygen regime. Experimental deployments were made at active and inactive methane seep locations on the Costa Rica margin (Mound 12) from March 2009 to Jan 2010 to evaluate the role of substrate in determining animal, protozoan and microbial assemblages on carbonate, wood, mussel shell, clam shell and tubeworm tubes.  We also examined the influence of active seepage on carbonate rock animal communities and their successional phases, on microbial activity including anerobic methane oxidation and sulfide oxidation, on carbon isotopic composition of shelled organisms, and on phylogenetic affinities of animals. Background wood, as well as carbonates were collected at active and inactive areas for comparison to experiment assemblages. 

This research addresses seep carbonates as a source of marine biodiversity, comparing carbonate assemblages to wood fall fauna, evaluating nutritional sources for colonizers using stable isotopic and lipid analyses, and determining relationships between the geochemical composition of carbonate, foraminifera and invertebrate tests and tissues for paleoceanographic proxy applications. The study places seep hard-grounds in a seafloor community context.   Preliminary data suggest that carbonate-associated microbes provide nutrition for faunas in ways that extend the duration and extent of seep influence beyond the period of active seepage. 

Alvin Dive operations: During 4 dives on Mound 12 we recovered colonization experiments consisting of 8 wood blocks, 11 rocks, 2 tube bundles, 2 clam shell bundles and 1 mussel shell bundle deployed in Feb/March 2009.  Additional microbial colonization experiments were conducted by placing rock slabs and chips onto seep sediments for 3 days during the cruise. We examined hydrography with CTD casts, sampled bottom water and collected rock, natural wood, bivalve and tubeworm assemblages for comparison to colonization substrates. 24 additional carbonate, wood, and cow bone substrates were deployed for longer-term studies (recovery dates undetermined).  The remaining 2 dives were used to conduct follow-up survey and sampling of tubeworm fields on Jaco Scarp – 1792 m. Diffuse flow with elevated temperatures (3.2-5.2oC) was observed beneath several tubeworm bushes. Animals were collected to assess phylogenetic linkages to E. Pacific. hydrothermal vents.

Night operations included 4 multicore drops at sites adjacent to seeps. Twelve CTD casts were made in the study area, in part to compare the El Nino hydrographic conditions occurring during this cruise to the non El Nino conditions present in the same area 10 months earlier on AT 15_44.

Colonization Results: In active areas of the methane seep, a dense assemblage formed on hard substrates. Both carbonate rocks and wood contained bathymodiolin mussels, yeti crabs, and lepetodrilid, pyropeltid, and provannid gastropods in high densities. In  seemingly inactive areas from 5-50 m away, rock and wood substrates developed a strikingly different community with lower densities and fewer “seep species” (Figure 1). We observed significant differences in community structure among natural vs colonization rocks, among substrate types (ANOSIM; R=0.24, P<0.005) and activity level (ANOSIM; R=0.44, P<0.002). Mussels, on the other hand, contained similar assemblages whether they were associated with either type of rock. No distinction was observed between colonizers of rock and wood colonization substrates. Gastropods were observed to dominate the colonizing assemblages on all types of hard substrate, regardless of type or seepage activity (Figure 2). In the colonization experiments, they achieved highest densities on clam and mussel shells (>250 individuals per 200 cm2) and were less abundant on rocks and wood (30-60 individuals per 200 cm2).
Trophic structure. Replicate colonization substrates were placed in close proximity, so any differences in trophic structure should be due to substrate-specific factors. The δ13C signatures of macrofauna on mussels and worm tubes was lighter than those on rock, wood, or clam shells (Table 1). A diversity of δ13C signatures suggests mutiple microbial diet items are used by the carbonate and colonizer faunas, with methane–oxidizing archaea and sulfide-oxidizing bacteria as key nutritional sources.  One dorvilleid polychaete species (Dorvillea sp.) that was present inside background carbonates and colonized a carbonate rock exposed to active methane bubbling had an average stable isotopic signature of  -92‰ (n=18), suggestive of archaeal consumption. The large range of δ13C associated with carbonate rocks and tubeworms (Table 1) may indicate more food resource availability than on the other substrates or additional utilization of resources due to niche diversification (Figure 3).

A hydrothermal seep. At the base of a collapsed seamount within the Costa Rica subduction zone we discovered warm, methane-rich diffuse flow fueling a hybrid vent-seep ecosystem.  At this site, Jaco Scarp (1792 m), mildly warm (3.2 to 5.2oC), shimmering fluids were emanating from beneath several large Lamellibrachia bushes, with ambient waters at 2.6oC. L. aff. barhami  occurred in large, Volkswagen-sized bushes and in continuous fields along steep topography. The tubeworm bushes subject to diffuse flow supported bathymodiolin mussels and zoarcids between tubes with dense Lepetodrilus populations and bacterial mats covering the tube and mussel shell surfaces bathed in flow. Dense assemblages of large vesicomyid clams covered with Cataegis (Gastropoda) and galatheid crabs surrounded the hydrothermally active bushes. Fields of frenulate polychaetes and bacterial mats with massive numbers of Ophiura occured beyond these. Other tubeworm bushes, not exposed to obvious hydrothermal activity, were covered with large serpulids (Laminatubus) and/or sabellid polychaetes. The assemblages are marked by exceptionally high biomass, with appearance more closely resembling the Juan de Fuca/Endeavor system than those of most sediment or carbonate hosted methane seeps. The mussels, ophiuroids, galatheids, zoarcids, and some gastropods appear to have hydrothermal vent affinities.  The foundation species (Lamellibrachia, Escarpia, vesicomyids, frenulates) and their associated polychaetes appear to be seep genera. Isotopic analyses suggest this hybrid system is fueled largely by sulfide oxidation, with serpulid, nereid, ampharetid, and hesionid polychaetes and a lepetopsid gastropod reliant on methane. The modes of co-existence of different species at this site informs our understanding of the evolution of vent and seep ecosystems and the ecological and environmental ‘rules’ that govern modern chemosynthetic systems.

Conclusions: 

The Costa Rica margin methane seep assemblage on hard substrates at Mound 12 (1000) exhibits potential to recover rapidly from disturbance through colonization by larvae and migration of adults over short distances (e.g., mussels).  Most experimental substrates deployed at Mound 12 developed assemblages within one year that included the most common background species on hard substrates at the site. Colonization was heaviest where fluids seemed to be actively seeping from the seafloor. We could not easily distinguish between the communities that formed over 10 months on wood and rocks, although they were distinct from the natural rock and mussel shell assemblages. Type of substrate and level of seepage both contributed to community structure.
Gastropods dominated all types of substrate, but were least dominant on inactive carbonate rocks found at the seep. Inactive rocks were more likely to be colonized by hydroids, anemones, or other fauna, and it is possible that certain community differences can be explained by the presence or absence of various grazers and their response to the local physicochemical environment.  A distinct gastropod assemblage was present on wood falls and sometimes inactive carbonate, that rarely appeared on active carbonates or biotic structures. Isotopic data suggest that the seep food web is based on multiple pathways of chemosynthetic productivity. 
Hydrothermal vents and methane seeps have long been considered distinct environments that share chemosynthetic genera with linked evolutionary histories.  Our discovery of a hydrothermal seep at Jaco Scarp suggests that hybrid environments exist and may be more widespread than previously thought.  They appear to share elements of vents and seeps and may provide important connections between different reducing ecosystems.
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Figure 1. MDS plot showing macrobenthos composition on different substrates (color coded) at active (A) and inactive (I) methane seep sites after 10-mo exposure and on natural, undisturbed substrates, Costa Rica margin (Mound 12).

[image: image2..pict]Figure 2. Composition of macrobenthic colonizers and background fauna on different hard substrates at methane seeps on the Costa Rica margin.

Figure 3. Stable isotopic signatures provide evidence of trophic resource partitioning among limpet species on a single rock from Mound 12 (background fauna).
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Table 1.  Taxa comprising dominant fauna of natural seep carbonates, and colonizers of carbonate and wood substrates (active and inactive sites combined).
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Table 2. Average stable isotopic signatures of fauna colonizing different substrates at methane seeps on the Costa Rica margin after a 10-month exposure period.
