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DEEP-SEA REDUCING HABITATS

1) Definition

2) Hydrothermal vents

a. History of discovery 

b. Physical characteristics of Vents

c. Hydrothermal vent microbiology

d. Nature of vent communities

- High local biomass

- Exotic nature of fauna

- Unusual feeding modes - endosymbiotic chemoautotrophy

- Dynamism of communities

3) Other reducing habitats

a. Shallow water

b. Deep sea ("Cold Seeps")

- Subduction zones



- Petroleum seeps

- Turbidites/canyons

- Base of carbonate scarp

- Anoxic basins

- Deep-Sea Whale falls
------------------------------------------------------------
Reducing Habitat = a habitat where energy from reduced inorganic chemical species (e.g., H2S, H2, CH4) is 
converted, via microbial endosymbiosis, into biomass of higher organisms.  

NB. The occurrence of reducing habitats is generally dependent on the availability of reduced chemicals and 
oxygen in close proximity (scale of centimeters).  

“Some energy source and sink are clearly needed if organisms are to function. … The internal heat of a planet, mostly of radioactive 
origin, in theory would provide an alternative to incoming radiation though we have little precedent as to how an organism could use it.”

G. Evelyn Hutchinson, The Ecological Theater and the Evolutionary Play, 1965, Yale Univ Press.  

Reading: 

Van Dover et al., 2002. Evolution and biogeography of deep-sea vent and seep invertebrates. Science 295: 1253-7

Smith, C. R. 2006. Bigger is better: The role of whales as detritus in marine ecosystems. In: Whales, Whaling and 
Ocean Ecosystems, J.A. Estes et al., eds.  University of California Press, pp. 286 – 301.

General reference:

Van Dover, C. L. 2000.  The Ecology of Deep-Sea Hydrothermal Vents.  Princeton Univ. Press.



Typical Deep-Sea Floor 



Most Nonvent Macrofaunal Species are Tiny 
Deposit Feeders

(esp. surface deposit feeders)



Hyodrothermal Vents discovered on Galapagos Rift in 1977



Discovery of hydrothermal vents – Lonsdale 1976 
pictures of clams on Axial Ridge of GSC 

Typical ridge-crest  pillow basalts

Pillow basalts with clams



Lonsdale (1977) Clam bake slide

Deep Tow

(SIO)



1977 – First Geology Cruise to hydrothermal vent 
at Galapagos Rift (1979 first Biology Expedition)



Spaghetti worms (enteropneusts) 

Galapagos vent periphery 

As approach vent site, encounter strange biota



Vesicomyid clams (Calyptogena magnifica) at Galapagos vent



Calyptogena magnifica from Galapagos vent



Vestimentiferan 
worms (Riftia 
pachyptila), 
limpets and 
serpulids near 
vents and in vent 
throat (low 
temp.)

Galapagos Rift 



21 N, East 
Pacific Rise



Black smokers

21oN East Pacific Rise



Chimney formation
at hydrothermal
vents



Dominant fauna of the  SE Pacific vents

Alvinellid polychaetes Riftia pachyptila and
Tevnia jerichonana

Bathymodiolus thermophilus and 
Calyptogena magnifica



Juan de Fuca 
Ridge





TAG MAR



Mussels and vent shrimp 
(Rimicaris exoculata) at 
Mid-Atlantic Ridge sites



Central Indian 
Ridge –Kairei 
vents



And what’s in the Indian Ocean?



Known vent-sites (Baker & German, 
2004)



Van Dover, 1990



Karl, D. 1995. The Microbiology of Deep-Sea Hydrothermal Vents, edited by D. Karl, CRC press, 299 pp.





Karl, D. 1995. The Microbiology of Deep-Sea Hydrothermal Vents, edited by D. Karl, CRC press, 299 pp.



2-meter long tube worms

30-cm clams and mussels

> 10 kg/m2 of 
biomass

Hydrothermal Vent (EPR)Typical Deep-Sea Floor (2500 m 
North Carolina slope) 

~ 1 g/m2 of 
biomass

van Dover 2000
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Van Dover, 2000



Tunnicliffe, 1991
Vents are dynamic – blink on and off on decadal time scales



Tunnicliffe, 1991

Van Dover, 2000







Other examples:

Japan and Peru trenches, 
Barbados prism

Subduction Zones 



Peru Trench Nankai Prism

Nankai
Prism S. Barbados Prism

N. Barbados Prism



Energy availability in seeps 
at Accretionary Prisms

Subducting
plate

From Tunicliffe et al 2003
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Petroleum and 
Hydrocarbon seeps 
(including methane 
hydrates)

E.g., Gulf of Mexico, Angola 
and Brazil margins, 



Louisiana Slope, Gulf of Mexico

Petroleum and 
Hydrocarbon seeps 
(including methane 
hydrates)

E.g., Gulf of Mexico, 
Angola and Brazil margins, 



Louisiana Slope, Gulf of Mexico



CH4

Fluid

CaCO3

Ca 2+

CO3 
2-

CH4mytilids

Unconsolidated sediment

Sponges

Methanotrophic
bacteria

Deep sediment

seawater

Utilization of methane at cold seeps

Carbonate
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Hesiocaeca methanicola: the ice worm
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Methane hydrate

Phase diagram for
methane in pure water
The methane hydrate
forms below 
the sediment-water
interface where 
temperature/pressure
conditions are right 
for hydrate formation

From Kvenvolden 1988



Brine seepage:

Louisiana slope, 
Florida escarpment, 
Monterey canyon



Salt diapir

Brine pool

Gas reservoir

seabed

Methane bubbles

Sediment

Fornation of the Brine
Pool, Gulf of Mexico

Bathymodiolus childressi



Turbidites and Slump Scarps



Barbados Accretionary Prism: Distribution of clams

Mud Volcanoes

Barbados, 
Norway (Hakon 
Mosby), 
Mediterranean
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From Olu et al. 1997

Model of fluid flow and animal distribution round a mud volcano
on the Barbados accretionary prism



Whale falls



Bone-eating “zombie worms” > 8 species

Monterey 
Canyon - O. 
rubiplumus & 
O. frankpressi
(Rouse et al. 
2004)

Sweden - Osedax sp. n.
Santa Cruz Basin - Osedax sp. n.

World Wide Whale Worms?



Blue whale vertebrae, vesicomyid clams & bacterial mats – Santa Catalina Basin



1 cm

Idas washingtonia and Cocculina craigsmithi



60% lipid

0.1 % lipid



Smith and Baco, 2003
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Shared and endemic species 
known from vents, seeps,
whales and normal deep sea
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Van Dover, 2000


