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BACKGROUND: The program was fundamentally concerned with the effect that
development of offshore energy reserves might have upon dense assemblages of deep-
sea organisms, particularly chemosynthetic tubeworms, mussels, and clams, as well as
fish and crustaceans, which live in association with them. Hydrocarbons from
commercial oil and gas reserves escape into the sea bottom at natural seeps found
commonly across the Gulf of Mexico’s northern continental slope. Chemosynthetic
animals utilize chemical energy from hydrocarbons to maintain colonies that have
unusually high biomass compared with the sea bottom elsewhere. Chemosynthetic
communities at hydrocarbon seeps were discovered in 1984 and have been previously
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investigated in studies funded by MMS. However, more knowledge was needed about
the life history and ecology of chemosynthetic communities in the Gulf of Mexico.

OBJECTIVES: The objectives of this project were as follows: Review biotic and abiotic
features of existing conceptual models of chemosynthetic communities which explain
observed patterns of distribution and abundance, in order to develop an effective,
refined plan for continued research. Further evaluate the physical-chemical factors (e.g.,
depth, temperature, water chemistry, sediment types, and dissolved gasses) which
influence, limit, enhance, or control the distribution, abundance, and growth of
chemosynthetic communities. Further investigate the sources (e.g., deep versus
shallow or petrogenic versus biogenic) of any necessary dissolved gasses and the
likelihood that petroleum production may ultimately deprive the animals of an energy
source. Further determine if chemosynthetic communities are robust or fragile, and
whether they are essentially permanent or ephemeral; characterize age, growth rate,
turnover rates, reproduction and recruitment, and patterns of senescence and death in
the dominant chemosynthetic animals; further examine recovery rates of communities
damaged by physical disturbance. Further determine the reliability of methods for
detecting chemosynthetic communities using remote acoustic and/or geophysical
devices, imaging instrumentation, hydrocarbon measurements, and/or other available
technologies.

DESCRIPTION: A highly integrated program of sample collection and site description
was conducted during two cruises with the submersible Johnson Sea Link. All
collections and stations were carefully documented with video and still photography and
an exhaustive and carefully controlled list of collection, stations, and observations was
made to ensure accurate sample identification and tracking. Principal sampling methods
included sediment collection, water and gas collection, animal collections and
manipulations, and photographic documentation. Additional sampling was conducted
from other surface ships and from the Navy submarine NR-1. Analysis and reporting on
samples was carried out in laboratories at Texas A&M University and five other
institutions.

SIGNIFICANT CONCLUSIONS: At four representative study areas, tube worms
(Lamellibrachia c.f. barhami) and mussels (Bathymodiolus childressi) and bacteria
(Beggiatoa) were found to derive their food supply from the organic enrichment at the
sea bottom caused by the oil and gas. Seawater sulfate in sediment pore fluids is
chemically reduced to hydrogen sulfide at exceptionally high rates. The chemosynthetic
organisms in turn support an abundant food chain of associated fish, crustaceans, and
other invertebrates. Water circulation provides the mechanism by which larvae can be
transported across the slope. Genetic fingerprinting of the fauna confirmed that gene
pool of the chemosynthetic species is well mixed. Distinctive geological and
geophysical signatures indicate active oil and gas seepage and presence of shallow
deposits of gas hydrates. Tubeworm longevity appears to exceed 200 years for the
larger specimens. Mussels, also comparatively long-lived, showed differing levels of
health among the study sites, partly because of parasitic infestations. Distribution of
sessile animals at the seeps is highly patchy, probably due to multiple settlement events
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of transient vents. Communities require many generations to develop their present
form. Chemosynthetic communities in the northern Gulf of Mexico appear to be locally
fragile, but regionally robust.

STUDY RESULTS: Samples were collected and analyzed from four chemosynthetic
communities located at water depths from 550 to 620 m in the central Gulf of Mexico.
Side scan sonar images and other geophysical products were examined to determine
the characteristic signature of chemosynthetic communities. Individual tube worms and
mussels were marked and released to determine age and growth characteristics.

Stable isotopes were used to examine trophic interactions between chemosynthetic
animals and heterotrophic fauna. Geochemical characteristics and processes of
inorganic and organic components of the surface sediments were detailed. Parasites of
mussels were identified. Molecular techniques were used to examine the degree of
isolation among separate chemosynthetic communities.

STUDY PRODUCTS: MacDonald, |.R., ed. 2002. Stability and Change in Gulf of
Mexico Chemosynthetic Communities. Volume |: Executive Summary and Volume II:
Technical Report. Prepared by the Geochemical and Environmental Research Group,
Texas A&M University. U.S. Dept. of the Interior, Minerals Mgmt. Service, Gulf of
Mexico OCS Region, New Orleans, LA. OCS Study MMS 2002-035 and 036 483 pp.
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