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HYROCARBON SEEP COMMUNITIES: 
FOUR YEARS OF STUDY 

The enhanced 

productivity and 

biomass of these 

communities was 

directly linked to 

symbiotic relationships 

between bacteria and 

invertebrates. 

By Mahlon C. Kennicutt II, James M. Brooks and Robert R. Bidigare 

A trawl retrieval of nearly two tons of organisms 
and shell debris in 500m of water at a location of 
known natural petroleum seepage in the Gulf of 
Mexico in 1984 marked the beginning of four years 
of interdisciplinary studies (Kennicutt et al. ,  1985). 
It was soon recognized that the assemblage of organ- 
isms recovered was similar to that reported at the 
hydrothermal vents and the Florida Escarpment 
(Corliss and Ballard, 1977: Paull e ta l . ,  1984). These 
and other discoveries have now become referred to as 
the contrasting ecological niches of "hot vent" and 
"cold seep" communities. Hot vent areas are charac- 
terized by elevated temperatures caused by the recir- 
culation of seawater through zones heated by mag- 
matic intrusions. No temperature anomalies are 
apparent at the cold seep sites, but they have in 
common with hot seeps a supply of reduced com- 
pounds that creates a tenuous balance between oxic 
and anoxic conditions (Paull et  al. ,  1984; Cava- 
naugh, 1985). Early studies at both types of sites 
revealed that the enhanced productivity and biomass 
of these communities was directly linked to symbi- 
otic relationships between bacteria and invertebrates. 
The Gulf of Mexico petroleum seep sites are in 
relatively shallow water, which allows for extensive 
and repeated samplings as well as maintenance of 
living organisms at shore-based laboratories. The 
Louisiana seep organisms require water tempera- 
tures of 5-7°C and a supply of reduced compounds 
and dissolved oxygen for their survival in the labora- 
tory. 

An integrated approach of enzymatic and isotopic 
analysis of organisms" tissue has been especially 
useful in understanding the dynamics ofchemosyn-  
thetic-based communities (Kennicutt et  al. ,  1985: 
Childress et  al. ,  1986; Brooks et al. ,  1987). Initial 
results showed that clam and tubeworm tissues were 
isotopically "light," with 3~-~C values indicative of 
sulfide-utilizing endosymbionts. The seep tubeworm s 
were enriched in ~2C, compared to the hydrothermal 
vent tubeworrns. This difference is as yet unex- 
plained, although CO: limitation has been invoked as 
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a cause for ~C enrichment (Rau, 1981). Further 
sampling recovered a species of mussel that was 
enriched in ~aC, and its 6~3C values(-40 to -55"/,,,) 
approached those of the Florida Escarpment mussel 
(Paull et  al. ,  1984, 1985). While the use of methane 
by endosymbionts had been suggested for organisms 
collected at the Florida and Oregon sites, no support- 
ing biochemical studies were available. Extensive 
enzymatic, electron microscopic and HCH4-uptake 
studies have demonstrated the occurrence of a meth- 
ane-based endosymbiotic relationship between a 
bacterium and a molluscan (Childress el al. ,  1986; 
Brooks el al., 1987). Follow-up laboratory studies 
suggest that the symbiosis may potentially satisfy the 
mussels" carbon needs solely from methane oxida- 
tion (Childress et  al. ,  1986: Carey et al. ,  1988). 
Physiological and biochemical findings for the sites 
include: a direct correlation between oxygen tension 
and carbon fixation in isolated vestimentiferan 
symbionts: a demonstration of carbon transfer, its 
time course, and the mechanism of carbon transfer 
within a mussel; demonstrated shell growth with 
methane as the sole carbon source: the possible 
presence of multiple symbionts in a single host ( C H  4 

and H:S): and a preliminary study of genetic related- 
ness between populations of mussels at seep sites. 

The composition and spatial distribution of seep 
faunal assemblages are much more complex than 
previously realized. Mussel density significantly 
correlates with water methane levels, and tubeworm 
cover correlates with sediment petroleum loading. 
At least five basic assemblages have been recog- 
nized, including mussel beds, tubeworm clumps, 
clam beds, epifaunal brachipod-solitary coral assem- 
blages, and gorgonian fields. These assemblages 
overlap spatially and have some shared dependence 
on chemosynthetic processes. The recent retrieval of 
sulfide-based, endosymbiont-containing bivalves on 
the northern California slope suggests that hydrocar- 
bon seep communities may be widespread in the 
major offshore petroleum provinces of the world. A 
chemical environment very similar to that of the 
Louisiana site (including the presence of gas seepage 
and hydrates) was documented for this California 
upper slope site (water depth 420 - 600m). Such 
reports confirm that the deep-sea chemical environ- 
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Figure 1. Mussels, tubeworms, and background fauna are oJ?en closely associated with hard substrate derived from the oxidation of 
gas and oil. 

' .  

Figure 2. Dense clusters of mussel, several individuals deep. are closely huddled around natural gas seeps. This supply of natural gas 
is an essential nutrient for the organisms. 

m e n t  is an impor t an t  fac tor  con t ro l l i ng  the d i s t r ibu-  

t ions  o f  these  c o m m u n i t i e s ,  and  that  the  m e c h a n i s m s  

that  ma in ta in  the  o x i c - a n o x i c  cond i t i ons  can be h igh ly  

var iab le .  The  p r o c e s s e s  are n o w  though t  to o c c u r  

qu i te  f r e q u e n t l y  in the w o r l d ' s  oceans .  T h e  e c o l o g i -  

cal  s i g n i f i c a n c e  o f  c h e m o s y n t h e t i c  p r o c e s s e s  in the  

d e e p  ocean  n e e d s  to be r e s o l v e d  and  quan t i f i ed  

t h r o u g h  fu r the r  i n t e rd i sc ip l ina ry  s tudies .  T h e  c o m -  

m o n  b io log ica l  c o m p o n e n t s  ( c l ams .  m u s s e l s ,  tu- 

b e w o r m s )  at these  s i tes  raise s ign i f i can t  q u e s t i o n s  as 

to the  i n t e r r e l a t ednes s  o f  s eep  and  ven t  o r g a n i s m s .  

T h e  e v o l u t i o n a r y  r e l a t i onsh ip  b e t w e e n  these  c o m -  

m u n i t i e s  is still an o p e n  ques t ion .  The  resul ts  o f  

initial  s tudies ,  s u m m a r i z e d  here ,  have  a d v a n c e d  ou r  

u n d e r s t a n d i n g  o f  the  c o m p l e x  in te rac t ions  a m o n g  

c h e m i c a l ,  b io log ica l  and  geo log ica l  p r o c e s s e s  in 

t hese  un ique  e n v i r o n m e n t s .  
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The ecological 

significance of 

chemosynthetic 

processes in the 

deep ocean needs 

to be resolved and 

quantified through 

further interdisciplinary 

studies. 
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