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Microhabitat variation in faunal distributions at California methane seeps in relation to sulfide concentration and fluid flow
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Abstract

Methane seepage forms distinct microhabitat patches on spatial scales of m to 10’s of m within upper slope sediments on the northern California margin, near the mouth of the Eel River (512-525 m).  We examined relationships among fluid flow, porewater geochemistry, sulfur bacteria and macrofaunal assemblages in Calyptogena (Vesicomya) pacifica beds, in sediments covered with large, filamentous bacteria (microbial mat), and in ambient (non-seep) sediments.  Over a 6 mo. period, microbial mat habitats exhibited significant but variable outflow of altered fluids, with no flow reversals. This fluid flow was associated with high porewater sulfide concentrations (up to 20 mM), strong sulfate and alkalinity gradients, and little oxygen penetration of sediments. Clambed and non-seep sediments exhibited frequent short periods of downflow and tidally driven flow oscillations, with little net outflow during the observation period.  Oxygen penetration was similar (5-6 mm) but sulfide concentrations were higher (up to 2 mM) in subsurface clam bed sediment relative to non-seep sediments (<200 µM).   Total macrofaunal densities (> 300 m) did not differ among the 3 microhabitats (13,800-16,800 ind. m-2), but biomass and diversity (no. species per core, Es100, H’) were lower and composition differed in the highly sulfidic microbial mat sediments relative to clam bed and non-seep sediments.  Macrofauna inhabiting microbial-mat covered sediments consisted largely of 5 species in the polychaete family Dorvilleidae (82% of the total), whereas the clam bed and non-seep microhabitats supported a mix of annelids from different families (48-52% of the total), peracarid crustaceans (22-28%), nemerteans (11-13%), and mollusks (6-10%).  Fine-scale microprofiling of sulfide concentration in animal cores indicated that most taxa select microhabitats or position themselves vertically to avoid H2S concentrations > 1 mM.  However, sulfide-oxidizing filamentous bacteria, dorvilleid polychaetes and bivalves (mainly Calyptogena) were associated with higher sulfide concentrations; their highest densities occurred at 1-5 mM with lower densities at < 1 and 5-14 mM sulfide. The polychaetes Nephtys cornuta and Mediomastus sp. occurred at low densities in sediments with 1 – 10 mM sulfide.  These investigations suggest that horizontal and vertical patterns of fluid flow and sulfide availability have a strong influence on the fine-scale distribution, structure and composition of macrofaunal assemblages inhabiting methane seeps. Strong variability on cm to m scales must be accounted for when characterizing the microbiology and ecology of seep habitats.

