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Activities and Findings:

Research

The role of sulfide in niche partitioning by dorvilleid polychaete species was studied at methane seeps of Eel R. (CA) and Hydrate Ridge (OR).  Cruises in July and October 2006 with ALVIN focused on sampling of dorvilleid species distributions combined with geochemical characterization of sediments, including microprofiling of intact sediment cores for sulfide and oxygen concentrations, and microbial rate measurements (sulfate reduction, methane oxidation).  Isotope and lipid studies were conducted to examine dorvilleid diet composition and possible utilization of archaea. 

The ecological portion of this study sought to answer the following questions:

1) What component of the seep infauna is comprised of Dorvilleidae and how many dorvilleid species and genera coexist at methane seeps off N. California and Oregon?  

2) Are dorvilleid assemblages structured according to geography (CA vs OR), water depth (600, 800, 900 m off Oregon), or setting (clam bed, bacterial mat)?

3) Within a location, do species partition the environment through differential sulfide tolerances, different diets, body size, or vertically within the sediment column.  

4) Are species assemblage patterns established at colonization?  Are there degrees of opportunism, dispersal potential, or sulfide tolerance evident in sulfide-manipulated colonization experiments? 
5) Do seep species occur at vents and wood falls if seep substrates are available?
Specimens of ~12 dorvilleid species were collected for phylogenetic analyses - to examine the form of radiation in seeps and to draw comparisons with shallow water representatives of the family.  16S and Cyt b genes were examined by the Halanych laboratory.

A series of colonization experiments were conducted using sediment trays at Eel River and Hydrate Ridge methane seeps to examine dorvilleid settlement responses to varying sulfide levels and to different seep settings (microbial mat, clam bed and mixed).  Wood and carbonate rock colonization experiments were also deployed and recovered after 2.5 mo.   Methane seepage promotes carbonate precipitation by anaerobic methane oxidizers, yielding another sulfidic substrate for dorvilleid habitation. A second set of experiments, involving carbonate rock, wood, cow and whale bone were deployed at Juan de Fuca Ridge (2007 – 2008) to address questions about the role of substrate in determining colonization patterns and trophic structure on hard substrates, and to assess the diversity of dorvilleids at vents versus seeps.  

Findings:

(1) Dorvilleid Distributions 


The polychaete family Dorvilleidae exhibits a predilection for sulfidic settings and at least some species appear to have radiated within reduced seep settings. Within a combination of oxygen minimum zone, seep (clambed and microbial mat), near-seep and non-seep habitats, and from colonization experiments (carbonate rock, wood and sulfidic sediments), we found a total of 33 putative dorvilleid species. Most species were identified morphologically but at least one sibling species pair was identified via molecular analysis. Only six of these species were present in non-seep (500 m) sediments, 4 of those were also present at the seeps.  Eighteen dorvilleid species were present in Eel R. seep sediments (500-525 m) and 23 dorvilleid species were present at Hydrate Ridge seep sediments (590-900 m) with 15 species shared between geographic regions. We identified geographical, microhabitat, and vertical zone preferences of seep species, distinct sulfide tolerances, and distinct diets (based on stable isotopes) among species. Evidence points to complex niche differentiation among species involving all of these factors. Microbial mats had similar numbers of dorvilleid species as the clam beds at Eel R. (16 vs 14), but there were fewer dorvilleids in mats than clam beds at Hydrate Ridge (9 vs 22), where sulfide levels were much higher. The rock and wood colonization substrates yielded fewer species (10 and 9) but these included several species not found in seep and OMZ sediments.  Only 2 dorvilleid species were found on colonization substrates at the Juan de Fuca vents; these occurred on wood and siboglinid tubes.  Neither of the species were those found at the CA and OR seeps, indicating limited assemblage overlap or connectivity between vent and seep habitats.

(2) Stable isotope signatures as indicators of trophic niche differentiation.  Isotope signatures show regional differences related to geochemistry and fluid fluxes, but we also found distinct species differences within a region, indicative of habitat partitioning.

Single species within a region exhibit microhabitat-induced diet differences, and congeners in particular exhibit niche separation by diet.  


 Dorvilleid stable isotope values spanned a broad range, with 13C values from -11.2 to -86.6 ‰, and  15N values from -3.9 to +15.1.  We examined 259 individuals belonging to 11 species. Data were evaluated separately for CA and OR specimens, as in at least one instance (Parougia sp. 1) molecular data suggest strong differentiation, possibly involving cryptic species.    Based on isotope signatures, the dorvilleid species can be grouped into several clusters.  The photo-heterotrophs appear to consume largely recycled organic matter of photosynthetic origin.  Both N and C isotope signatures are heavier than those of most other taxa and photosynthetic-derived fatty acid biomarkers were prevalent in their tissues.  These include  O. platykephale, O. maciolekae, Pinniphitime sp. and Palpiphitime sp., all from California.  A similar group, O. platykephale from OR and Pseudophryotrocha sp. (CA) have equally heavy  15N , but  13C about 5 -6 per mil lighter. Another group is characterized by light 15N (1-5‰) but moderately heavy 13C  (-24 to -28‰).  These are all from CA and include Parougia sp. 1, Ophryotrocha sp. 5 and Ophryotrocha sp. 8.   A final group, comprised largely of species from Oregon, had intermediate  15N values (5 to 7.5) and light  13C values ranging on average from -30 to -46‰. The lightest carbon signatures are found in Parougia oregonensis (avg. -46‰) and Exallopus sp. 1 (avg -43‰) from OR. 


There were significant differences in  13C signatures between dorvilleids at Eel R. and Hydrate Ridge, and between clam bed and mat habitats. Hydrate Ridge dorvilleids had  13C 10‰ lighter ( –37.05 + 1.28 vs -26.7 + 0.72) and clam bed dorvilleids overall had 6.5‰ lighter  13C values than those in microbial mat sediments.   In contrast, there were no significant differences in  15N between geographic region (CA vs OR) or habitat (clam bed vs microbial mat) 6.85 + 0.29 and 7.89 + 4.15‰, respectively), but there was a significant interaction term. Mat and clam bed dorvilleid  15N signatures differed at Eel River, but not at Hydrate Ridge.


Overall these results indicate that a broad range of microbial food sources are consumed (and assimilated) by Dorvilleidae and they introduce the high probability that anaerobic methane oxidizing archaea provide nutrition for at least some species.

(3) Colonization patterns. Dorvilleidae comprised about 53%, and 56% of colonizers of sulfide-amended, azoic sediment trays placed at Hydrate Ridge (770 m) and Eel R. (500 m) seeps for 2.5 mo; this is a much higher percentage than found in background sediments. Species composition in trays varied with habitat (mat, clam bed, mixed) and geographic location but not clearly with sulfide treatment. Dorvilleid colonizers of sediment trays from Eel River differed from ambient seep assemblages in both Eel River and Hydrate Ridge.  However, dorvilleid colonizers of trays at Hydrate Ridge differed only from the Eel R. seep assemblages (P<0.03), not from the background HR seep assemblages. This may reflects in part the more diverse assemblage at 500 m off CA than at 800 m off Oregon 


We found 11 dorvilleid species in sediment-filled colonization trays, 11 species on rocks and 7 species on wood deployed for 2.5 mo. Only 3 dorvilleid species were present on natural hard and soft substrates at Juan de Fuca vents; up to 4 dorvilleid species were present on colonized wood, rock and bone at the vents.   Only 1 of these overlapped between seeps and vents.  Testing of faunal colonization patterns against 4 metapopulation models (Leibold et al. 2004) suggest that mass effects (source proximity) explain the strong geographic differences observed, with species sorting (niche specialization) as a secondary influence.

(4) Evolutionary Relationships. Phylogenetic analysis suggests that both geographic separation and habitat type are important factors in shaping the evolution of dorvilleid worms. At least 1 cryptic species pair was identified, with geographic separation between CA and OR. Hydrate Ridge, OR lineages appear to be well-defined subsets of Eel River, CA diversity. Results that include non-seep Ophryotrocha spp. suggest that the habitat choice is somewhat evolutionarily labile at a higher level, but that some species appear to be restricted to certain environments. Integration of ecological, geochemical and phylogenetic data suggest seep dorvilleids hail both from clades that are endemic to deep-water seeps and those invading from shallow water.
In summary, the many species of dorvilleids appear to partition the environment in part by habitat preference, but also by diet.  Stable isotope signatures reveal clear trophic partitioning among species.  A variety of microbial metabolic pathways appear to provide nutritional support.  Thus microbial metabolic diversity at methane seeps may underlie the diversity of Dorvilleidae. 
Training and Development

Research /cruise opportunities were provided to 3 graduate students and 4 undergraduates, including diversity students at SIO (in part through REU funding).  Students obtained experience with cruise preparation, at sea sampling and post cruise sample processing.  The undergraduates wrote papers and gave presentations at lab meetings, university-wide student research conferences and at national meetings.
Outreach Activities.

The work has been presented at 13 conferences.  Outreach includes presentations for the Birch Aquarium and CA COSEE, a magazine article on species extinctions by J. Whitty, filming for a TV program on deep-sea biodiversity.
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Contributions within Discipline:   

This study establishes the Dorvilleidae, an ancient group of polychaetes, as strongly differentiated within methane seep ecosystems.  It reveals ecological and evolutionary radiation within high-stress ecosystems in the deep sea.  This group now provides a model for the integration of physiological, molecular, geochemical and ecological approaches to unraveling complex assemblage patterns. 

Contributions to Other Disciplines:  

The study of faunal radiation within methane seeps has bearing on the evolution of other reducing ecosystems such as whale falls, hydrothermal vents and wood falls.  They show the potential for animal specialization on different microbial food sources as one means of species diversification in the deep sea. Our results introduce the high probability that archaea are entering animal foods chains, raising many questions about the controls on and evolution of archaea.  By comparing nearby vent (Juan de Fuca) and seep (Hydrate Ridge) colonization patterns we have examined the importance of evolutionary and ecological overlap into these systems. The findings have larger scale implications for the field of evolution and understanding of chemosynthetic ecosystems.  

Contributions to Education and Human Resources:

Results of this work are incorporated into biological oceanography and deep-sea biology course lectures, as well as K-12 training for Birch Aquarium staff.   There are planned contributions to a Birch Aquarium exhibit on Biodiversity and on the Deep Sea.  Lectures on the research have been presented at a broad range of institutions including several diversity-serving institutions (Howard Univ., Cal State LA, Cal State Long Beach) and multinational institutions (CICESE, Ensenada; Stazione Zoologica, Naples) and local K-12 schools (High Tech High Elementary, Loma Linda Academy, National City Middle School, and Rancho Santa Fe Elementary).
How have results from your project contributed to the public welfare beyond science and engineering (e.g., by inspiring commercialized technology or informing regulatory policy)? 

Knowledge gained about methane seeps and continental margins through this program is critical for proper stewardship of these habitats and resources.  Increasing energy demands and continually deeper extraction of oil and gas resources threaten the associated ecosystems.  Ocean warming may destabilize and release more methane. With new potential for gas hydrate mining (hydrates support methane seeps) there is a need to understand the nature of and controls on biodiversity of seep ecosystems.  This information will inform the management actions including selection of deep-water protected areas and formulation of mitigation requirements.







