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 Nine years ago, I described in my August 1991 letter the discovery of an amazing variety of animal life around deep ocean vents located along tectonic plate interfaces.  In 1977, the deep sea submersible, Alvin, first photographed giant 2m long tubeworms, various crustracea, clams, mussels, snails, octopods, and fish clustered around a hydrothermal vent deep in the Galapagos Rift.  This Rift, between the Galapagos and mainland South America, lies about 4km below the surface.  The discovery of this community of sea creatures, only 25 years ago, surprised and delighted scientists who were initially at a loss to understand how these organisms received the energy to live.  Heretofore, it was believed that all life depended on solar energy, yet at this depth no sunlight penetrates.  Not only were scientists unclear as to how these animals survived in this seemingly hostile environment, but also how they colonized other vents when their current habitats ceased to produce the "smokers"—meter high tower-like structures that spurt clouds of black smoke—the source of the hydrogen sulphide (H2SO4) that proved to be the primary energy source for the tubeworms.  This letter concerns the new and elegant science conducted since 1991, which explains how the tubeworms manage to exist and colonize new sites in such a hostile environment. 

 

 When first collected from the sea bottom, the tubeworms (vestimentiferans) seemed a biological anomaly.  Specimens were sent to Meredith Jones, a marine worm curator at the Smithsonian's Natural History Museum.  Jones identified and named several genera of tubeworms, including the giant Riftia pachyptila (>2m long), as well as Escarpia spicata and E. laminata, Tevnia, Oasisia and Ridgeia, all smaller than Riftia and all new to science.  He found that these sessile (attached to the ocean bottom) worms had no gut, but were instead filled with soft black "glop."  The substance turned out to be microbes that can chemically convert the H2 SO4  spewed from the vents into proteins and other organic compounds that maintain the final support for the large colonies of marine invertebrates, which have become specially adapted to symbiotic life with these microbes.  The grazing polychete worms, for example, are mobile but their symbiotic microbes are not internal; instead, they adhere to the body's outside and resemble fine hair. 

 

 Since first discovered, vent communities have turned up on ocean floors at the boundaries of tectonic plates all over the world.  Over 500 new species of vent fauna and flora, in 150 new genera, have been described, and the richness and diversity of these communities that survive in a habitat previously considered to be too hot and toxic to allow life has caused evolutionary scientists to rethink how life might have begun on earth.  If such deep benthic (ocean bottom) communities can thrive without light, in great heat and under enormous pressure, then is it not possible that living organisms might also have evolved in similarly harsh conditions on earth and, by extrapolation, on other nearby planets? 
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Because these aggregations of marine invertebrates are so remote, they are hard to study.  There are few deep diving submersibles that can descend 3 or 4 kms to photograph and collect specimens.  Scientists are still trying to understand how these relatively slow-moving or even immobile organisms colonize new vents often hundreds of kilometers away.  Existing communities are always dependent on a source of H2SO4,  so if a vent ceases to erupt, the colony, bereft of hot water and chemical energy, dies. 

 

 A lucky break on an Atlantis research cruise in 1991 has now helped scientists understand how the colonization process works.  The ship and its sub, Alvin, were engaged in a site survey for the Ocean Drilling Program of the National Science Foundation at 9°N where the Pacific Plate is pulling away from the Cocos Plate—roughly due south of Acapulco and some 4,400 km (2,640 mi.) west of the Panama Canal.  In 1987, subsurface records of the ridge contours where these two plates adjoin indicated that the ridge was expanding (the plates are separating).  This swelling was attributed to molten lava accumulating below the sea floor surface, an indication that an eruption might occur soon.  In late 1989, the area was photographed from a towed frame of pipes that held lights, sonar and computer software, sending continuous images to the ship above.  The data received gave an extraordinarily precise picture of the ridge and set the stage for visual observation by scientists aboard Alvin in April 1991.  The dive visited 15 vent sites previously plotted by the 1989 voyage, along 350m of the ridge, but instead of seeing the crowded vent communities depicted by the remote towed camera earlier (December 1989), they saw only shiny black obsidian—the glass-like material formed when molten lava cools instantaneously.  There was no sediment covering the obsidian, which indicated that the eruption on the sea floor had been recent.  The vents from which smoke had spewed from the tops of the chimneys had disappeared, but murky water still escaped from cracks in the obsidian.  They also found the vent community population decimated.  Dead tubeworms covered the sea floor.  Mussels and limpets were cooked in their blackened shells.  The destructive event was so recent that scavengers had not yet arrived at this concentrated food source. 

 

 The purpose of the survey by Atlantis was to find a drilling site where the crust of the sea floor was brand new.  With unbelievable luck, Alvin had dove where the crust had formed only a few days previously.  Not only was it fortunate to find such a new crust, but the now clear surface would allow scientists to track colonization where vents were just forming in the cracked obsidian.  Within a year (March 1992) some invertebrates characteristic of vent communities were seen around the spewing smoke.  Microbial mats (a thin layer of white bacteria growing laterally on the bottom) were the first life to appear, growing so rapidly that when a new vent started to discharge, pieces of the mat already established were lifted high (tens of meters) in the water column—when broken up by the current, they appeared like flakes of snow.  As the bits of the mat settled on the bottom, scavenging crabs and copepods came to graze on them. 
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 These white microbial mats, the first colonizers after a lethal eruption, often turned up within days of the event.  They appeared around cracks in the jet black obsidian or around the columns of the new basalt.  Scientists believe the source of these mats is microbes present in the porous lava through which sea water can pass.  When sea water is heated from below, it surges upward full of chemicals, including the hydrogen sulfide necessary to sustain the microbes that in turn fill the guts of the tubeworms.  Such minute organisms just below the sea floor are much more prevalent than previously imagined. 

 

 The rapidly growing bacterial mats attract grazers, such as crabs and copepods, which in turn bring predators on them, such as octopods and an omnivorus fish called an eel-pout.  The climax invaders are tubeworms.  Their top-shaped motile larvae have now been identified and, unlike the adult, it can ingest the chemosynthetic bacteria in the heated waters, but are not dependent on it to survive.  When conditions of temperature and chemical discharge are just right, the larvae settle near the appropriate vents and like barnacles, lose their motility.  The small tubeworms (Tevnia) are more tolerant of high concentrations of hydrogen sulphide and colonize before the giant Riftia tubeworms that are less tolerant of this chemical.  Riftia represent the climax community most associated with these incredible vent "gardens." 

 

 The hydrothermal flows from vents are erratic and when they cease the communities die off.  Some vents produce only for a few years.  As the hydrogen sulfide concentrations in the water decline, mussels gradually spread into the tubeworm colonies.  They finally grow on the tubeworms themselves and their weight causes the tubeworm to fall on its side.  In that position, the red plume at its "head" cannot absorb the hydrogen sulfide needed to sustain its internal bacteria, causing the worm to die.  The mussels, however, also contain the chemosynthetic bacteria, but they can survive with or without microbes.  Being thus flexible, mussels enjoy a survival advantage over tubeworms and are the last in the chain of sessile organisms to survive around old vents.  Even mussels, however, are vulnerable and when all traces of hydrogen sulphide vanish from their vicinity, the vent life dependent on this chemical also disappears and the filter-feeding mussels are left with nothing to eat. 

 

 Vent "gardens" have varying lives and all the organisms living there are ultimately dependent on the toxic gases from the bowels of the earth.  The very existence of these creatures was unknown to us only 25 years ago, yet their communities have been waxing and waning for perhaps millions of years.  We may never know when they evolved to fill this unusual niche at the intersections of tectonic plates, as the geological turmoil at plate interfaces is not conducive to fossil formation.  Even if it were, how would scientists excavate them?  Nonetheless, their discovery has revolutionized our concept of nutrient energy sources.  Given the rapidity of what we learned about  
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vestimentiferans (tubeworms) and their fellow vent dwellers, I am optimistic that equally exciting life forms still await discovery on our planet.  With luck and good planning, future scientists will not only unlock more secrets of these communities, but also find yet undreamed of fauna in various unsuspecting locations on our globe and perhaps even in space. 

 

       David Challinor 

       Phone:  202-673-4705 

       Fax:      202-673-4607 

       E-mail: ChallinorD@aol.com 

 

 



Footnote -  Much of the information for this letter came from two articles:  Tunnicliffe, V. 1992.  Hydrothermal Vent Communities of the Deep Sea.  American Scientist. 80 (4):  336-349. 

Lutz, R.A., Shank, T.M. and Evans, R.  2001.  Life After Death in the Deep Sea.  American Scientist.  89 (5):  422-442. 


