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key env i ronmen ta l  i s s u e s  t h a t  impac t  f i s h  and v i i l d ! i f e  resou rces  and t h e i r  
s u p p o r t i n g  ecosystems. The missi 'on o f  t h e  program i s  as f o l l o w s :  

o To s t r e n g t h e n  t h e  F i s h  and P l i l d l  i f e  S e r v i c e  i n  i t s  r o l e  as 
a  p r i m a r y  sou rce  o f  i n f o r m a t i o n  on n a t i o n a l  f i s h  and w i l d -  
l i f e  resou rces ,  p a r t i c u l a r l y  i n  r e s p e c t  t o  e n v i r o n m e n t a l  
impac t  assessment. 

0 To g a t h e r ,  ana l yze ,  and p r e s e n t  i n f o r m a t i o n  t h a t  w i l l  a i d  
dec i s i onmakers  i n  t h e  i d e n t i f i c a t i o n  and r e s o l u t i o n  o f  
p rob le~ i l s  a s s o c i a t e d  w i t h  m a j o r  changes i n  l a n d  and w a t e r  

0 To p r o v i d e  b e t t e r  e c o l o g i c a l  i n f o r m a t i o n  and e v a l u a t i o n  
f o r  Depar tment  o f  t h e  I n t e r i o r  deve lopment  programs, such 
as t hose  r e l a t i n g  t o  ene rgy  deve lopment .  

I n f o r m a t i o n  deve loped  b y  t h e  B i o l o g i c a l  S e r v i c e s  Program i s  i n t e n d e d  
f o r  use i n  t h e  p l a n n i n g  and dec i s i onmak ing  process t o  p r e v e n t  o r  m i n i m i z e  
t h e  impac t  o f  developnlent o n  f i s h  and w i l d l i f e .  Research a c t i v i t i e s  and 
t e c h n i c a l  a s s i s t a n c e  s e r v i c e s  a r e  based on  an a n a l y s i s  o f  t h e  i s s u e 5 ,  a  
d e t e r m i n a t i o n  o f  t h e  dec i s i onmakers  i n v o l v e d  and t h e i r  i n f o r m a t i o n  needs, 
and a n  e v a l u a t i o n  o f  t h e  s t a t e  o f  t h e  a r t  t o  i d e n t i f y  i n f o r m a t i o n  gaps 
and t o  d e t e r m i n e  p r i o r i t i e s .  T h i s  i s  a s t r a t e g y  t h a t  w i l l  ensu re  t h a t  
t h e  p r o d u c t s  produced and d i ssemina ted  a r e  t i m e l y  and u s e f u l .  

P r o j e c t s  have been i n i t i a t e d  i n  t h e  f o l l o w i n g  a r e a s :  c o a l  e x t r a c t i o n  
and c o n v e r s i o n ;  power p l a n t s ;  geo the rma l ,  m i n e r a l  and o i l  s h a l e  deve lop -  
ment;  w a t e r  r e s o u r c e  a n a l y s i s ,  i n c l u d i n g  s t ream a l t e r a t i o n s  and wes te rn  
w a t e r  a l l o c a t i o n ;  c o a s t a l  ecosystems and Outer  C o n t i n e n t a l  S h e l f  deve lop -  
ment;  and systems i n v e n t o r y ,  i n c l u d i n g  N a t i o n a l  Wet land I n v e n t o r y ,  
h a b i e d t  c l a s s i f i c a t i o n  and a n a l y s i s ,  and i n f o r m a t i o n  t r a n s f e r .  
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PREFACE 

This community profile of petroleum platfornls 1s part 
of a series of coastal habitat profiles. Its purpose is t o  
describe the structure and ecological function of petro- 
leum platforlns in the northwestern Gulf of Mexico. The 
information in the profile will be useful t o  environ- 
mental managers, resource planners, coastal ecologists, 
marine science students, and interested laymen who wish 
to  learn about the petroleum platform reef community 
and its role in the northwestern Gulf of Mexico. The 
format, style, and level of presentation should make this 
report adaptable t o  a diversity of needs, from the  
preparation of environmental assessment reports t o  
supplementary reading material in college marine science 
courses. 

This profile proceeds from an introductory section 
describing the  history of platform installation, structural 
properties, and their distribution in the northwestern 
Gulf of Mexico, to  characterizations of the con~posi t ion 
and biology of some of the major faunal groups on  o r  
around the platforms, to descriptions of structural 
attributes of petroleum platform communities, t o  
observations of successional patterns and growth of the  
communities, to  discussions of the ecosystem dynamics 
of the  comnlunities in terms of trophic linkage and 
biomass and carbon flows. In each of these sections, 
the effects of discharges from the active structures o n  
the communities are described. The effects of the 
petroleurn platform community o n  the surrounding 

soft-bottom communities are implicitly described 
throughout the  profile, and explicitly addressed under 
the section describing the ecosystem dynamics. We then 
briefly summarize some of the  values of production 
platform colrlmunities t o  man, and, in the final section 
of the text make an appeal that specific steps be taken 
to preserve an endangered biological resource: produc- 
tion platfor111 communities. By regulation, offshore 
petroleum platforms must be removed from the  Gulf of 
Mexico once they are obsolete in terms of producing oil 
and gas. 

Any questions or comments about this publication 
or  requests for  it  should be directed t o  : 

Information Transfer Specialist 
National Coastal Ecosystem Team 
U.S. Fish and Wildlife Service 
10 10 Cause Boulevard 
Slidell, Louisiana 7045 8 
(request FWS/OBS-82/27) 

Public Records Section 
Minerals Management Service 
Gulf of Mexico OCS Regional Office 
P.O. Box 7944 
Metairie, Louisiana ~ 7 0 0  10 
(request Open File Report 82-03) 
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CHAPTER 1 

PROFILE OBJECTIVES AND BACKGROUND 

1 . 1  INTRODUCTION 

The primary objective of this community profile is t o  
consolidate the  ecological information pertaining to the 
interaction between petroleum platforms in the north- 
western Gulf of Mexico and the resident biota. Offshore 
petroleum platfornls represent a relatively new (and 
perhaps short-lived) biological habitat in the north- 
western Gulf which is characterized by distinctive faunal 
assemblages and species associations. 

When petroleuin platforms are installed in marine 
waters. they are rapidly colonized by  a diverse array of 
microorganisnis, algae, and sessile invertebrates including 
shelled forms (barnacles, oysters, mussels, etc.), as well 
as soft (bryozoans, hydroids, sponges, and octocorals) 
arid hard (corals) encrusting, colonial forms. The organ- 
isms which attach and grow on the structures provide 
habitat and/or food for many motile invertebrates and 
fishes, particularly brittle stars, arnphipods, small crabs 
and shrimps, and blennies. Collectively, the sessile forms 
in conjunction with the dependent motile forms com- 
prise the biofouling community. 

It is not. however, the biofouling con~lllunity which 
presents the most distinctive visual image of the  produc- 
tion platform comn~uni ty ,  but rather the diverse assem- 
blages of large pelagic and demersal fishes which are 
intimately associated with the structures. These fishes 
arc often represented by tremendous numbers of indi- 
viduals. l 'he available data and information about these 
characteristic fish assemblages scem t o  indicate that they 
are more dictated by the physical factor of substrate 
than by biological interrelationslzips. If this is true, the 
fish assemblages associated with petroleum platforms 
are not true biological communities, but rather only 
flexible confederations of species loosely allied by a 
similar environmental requirement o r  preference, i.e., 
the presence of structures. 

Following the introductory information about the  
history of the installation and distribution of platforms 
in the northwestern Gulf of Mexico, characterizations of 
the total area and nature of petroleum platform habitats, 
and a review of pertinent biological literature, the 
biological assenlblages associated with these structures 
are described i1-1 terms of their zortlposition and coni- 
rnunity attributes. Some of the  values of these biological 
resource units t o  people are then summarized. Finally, 
some of the management implications of the value 

judgements are then summarized, and recommendations 
for preservation of the production platform resource 
are provided. 

1.2 PLATFORM INSTALLATION AND 
DISTRIBUTION 

Although the first offshore well in the Gulf of Mexico 
was drilled in March 1938 (Creole Field, 2.4 km from 
the coastline of Louisiana), substantial offshore explora- 
tion did not occur until November 1947 when the Ship 
Shoal Block 32  field was discovered some 19 km off 
the Louisiana coast (Bedinger et al. 1981). Despite this 
evidence that significant petroleulzl reserves existed 
on the continental shelf of the northwestern Gulf of 
Mexico, it was not until after 1953 that offshore devel- 
opment accelerated. During 1953, ownership and 
jurisdiction over the resources of the outer continental 
shelf (OCS) were defined legally by the Submerged 
Lands Act and the Outer Continental Shelf Lands Act. 
These acts enabled industry t o  obtain large tracts of 
acreage from a single owner, which in combination with 
the higher success (producing wells) ratio of exploratory 
wells drilled offshore as compared t o  onshore (26% 
success vs. 18%, Bedinger et al. 198 1 ), greatly accelerated 
offshore development in the  northwestern Gulf of 
Mexico. Additional stimulus for offshore development 
was provided by the call for "energy self-sufficiency" 
following the 1973 oil embargo, as well as by the ever- 
increasing value of petroleum products and the deregu- 
lation of natural gas. Reserves once considered either 
uneconomical by virtue of their small size or their 
location or inaccessible because of the lack of available 
technology are now being increasingly exploited. 

Recent estimates by the Bureau of Land Management 
(BLM 1981) indicate a total of some 3,500 petroleum 
structures in the Gulf of Mexico, ranging in size and 
complexity from simple flare stacks (verticai pipes) 
to  small satellite platforms, to  major platforms of 
considerable structural complexity (Figure 1 ). The term 
"major platforms" refers herein t o  large, multi-well 
production platforms. As of 1980, there were 1,223 
major platforms in the  Gulf of Mexico including 1,103 
in Louisiana waters (90.2%), 118 in Texas waters (9.6%) 
and only two in acreage associated with the other Gulf 
biaies (Sfiizurc. 19s i j. If ail structures are considered, 
3:100 or 88.6% of the total number of petroleum 
structures in the Gulf of Mexico are located in Louisiana 
waters. 





The distribution of producing gas and oil fields over the 
Texas and Louisiana shelf is depicted in Figure 2. With 
the exception of a shelf-edge band extending from just 
west of the Mississippi trough to about the Texas- 
Louisiana border, drilling sites are located throughout 
the entire Louisiana shelf out  to  the 200-111 depth 
contour. The nearshore zone along the Texas coast is 
characterized by relatively high densities of structures 
front Sabine Lake to south of Corpus Christi, but most 
of the southernn~ost nearshore areas, the central shelf, 
and the outer shelf areas of Texas have relatively few 
petroleum structures. Many of the tracts lying in these 
unexploited areas have been offered for lease but  either 
have not  been leased or the lease bids have been re- 
jected. A considerable number of tracts in these areas 
have never been offered for lease, however. ?'he explora- 
tion e~nphasis in the future may be on the medium- 
to deeper-water tracts off Louisiana for oil and gas, and 
a wider gene,ral exploration off Texas for gas reserves 
(Qf f s l~ore  198 1 ). Exploratory drilling has been some- 
what limited by the availability of mobile rigs. but new 
rigs coming out of the yards during 1981 and 1982 are 
expected to alleviate this problem. 

The distribution of major platforms in the Gulf of 
Mexico, graphed by year in which tracts were leased, 
is shown in Figure 3.  Prior t o  United States Government 
jurisdiction in 1954, 454,382 ha (1,122,764 acres) had 
been leased (most in Louisiana) and 292 multi-well 
platforms were already in place on OCS lease blocks. 
Approximately 5,900,000 ha (14,600,000 acres) have 
since been leased by BLM from 1954-1980, with the 
largest areas being leased during 1962 and 1974. These 
tracts, along with those leased in 1960, also lead in the 
number of major platforms (1962 = 201 platforms; 1960 
= 104 platforms; and 1974 = 101 platforms). The 
number of  platfornis on tracts obtained in 1974 will 
probably soon surpass the number on 1962 tracts, since 
a substantial number were t o  be set on 1974 tracts 
during 1981. The n~ajority of platforms set in 1980 were 
installed on gas-prone tracts in High Island, West 
Cameron, East Cameron, and Vermilion areas (Offshore 
1981). 

Historical trends for major platform installation are 
cl~ronologically depicted for 1947-1 980  in Figure 4 
(Ofislzore 198 1). During the first decade of this period, 
installation of production platforms peaked in 1956. 
This was followed by a marked decline to  relatively 
infrequent platform installation through 1963. From 
1964-1 974, production platform installation was reason- 
ably frequent and somewhat stable. Beginning in 1975, 
the installation rate of rnajor platforms increased dra- 
matically, culminating in a record of 92 platforms placed 
in 1980. Platform construction in 1981 has continued 
at or near the record pace of 1980 with indications that 

the trend will continue for 2 o r  3 more years before 
tapering off slowly (Uj'fshore 198 1 ). 

1.3 TYPES AND PROPERTIES OF OFFSHORE 
PETROLEUM STRUCTURES 

A typical offshore production area will contain all o r  
some of five types of structures: multi-well o r  major 
production platforms, single-well platforms (often 
satellites of multi-well platforms), quarters platforms 
t o  house the work force, flare stacks, and pipelines. 
Major production platforn~s are large, con~plex struc- 
tures supported by 12 or  Inore legs and containing slots 
for up  t o  24 or more wells or well casings. Above water, 
rnajor platforms have several decks on  which crew 
members can be quartered, helicopters can land, drilling 
rigs can operate, petroleum products can be separated 
and stored, gas can be conlpressed, and pipelines t o  
shore can be operated. These platforms can also be  
serviced by vessels which can load and offload heavy 
equipment and supplies by using cranes on upper plat- 
form decks. The subtidal area of platforr~~s varies with 
depth since taller platforrns typically have wider bases. 
In one gas and oil field in Texas waters about 20 n~ 
deep, major platforms provided about 3,800 m2 of hard 
substrate (Gallaway 1980). Shinn (1 974)  estimated that 
a typical major platform in water 30 m deep provides 
about 8,173 m 2  of substrate. if the latter value is 
assumed to be more representative of the  average major 
platform, and given that there are currently at  least 
1,223 of these platforms in the northwestern Gulf of 
Mexico, nearly 1,000 ha (2,471 acres) of submerged 
steel substrate are provided by the vertical supports of 
major production platforms. 

In addition t o  the area associated with vertical supports, 
hard substrate is also provided by  considerable amounts 
of discarded or lost equipment and by dislodged shelled 
organisms that colonize the structure. If the base of a 
typical major platform is assumed t o  measure about 50  
by 75 111, an additional 460 ha (1,137 acres) of bottonr 
area in the northwestern Gulf of Mexico are subject t o  
substrate hardening. 

Single-well and quarters platforms are considerably 
smaller, providing about 550 m 2  submerged hard sub- 
strate and an additional 75 m 2  of debris-covered bottom 
area (Gallaway 1980). If the balance of the 3,500 
platforms (less the major platforms) is assumed to be 
represented by structures of this general size, then up to 
142 additional ha (35 1 acres) of hard substrate can be 
generated in the Gulf. In total, the 3,500 petroleun~ 
structures are capable of providing some 1,602 ha 
(3,957 acres) of artificial reef habitat in the Gulf of 
Mexico. 









Typical wells require some 1 to  3 months to cornplete 
although only about 30';: t o  50'F of the time is actually 
spent in drilling. As part of the drilling procedure. mud 
mixtures are circulated through the borehole to  cool and 
lubricate the drilling bit and pipe, to  renlove cuttings 
from the hole. and to maintain well pressure and the 
integrity of the borehole. Being an integral part of the 
drilling procedure, muds are continuously washed from 
new cuttings and recycled through the system. The 
cuttings themselves are jettisoned overboard and sink 
directly t o  the bottom where they accuniulate. In several 
months (as opposed to weeks or years) these discharged 
cuttings are either worked into benthic sediments or. as 
is more often the case, dispersed by bottom currents. 
Additional effluent associated with offshore platforms 
include drilling muds, produced waters, cooling waters, 
well-treatment fluids, deck drainage, and treated or 
1111 treated domestic wastes. 

Occasionally during drilling of deeper formations, muds 
whose compositions differ f ro~n  those which have been 
appropriate for shallower formations are required. 
Ilcpcnding upon factors such as the nature of the 
solids control system and the co~nposition and cost of 
the additives, some (or rarely, all) of the muds are 
discharged from the syste~n to alter the composition of 
the fluids by displacement. During the life of a single 
wcll such events rnay occur eight t o  ten tinies, typically 
with 160,000-340,000 liter (I )  of muds being discharged 
per event. Thc typical mud discharge during the drilling 
phase, however, consists of only about 8,000-32,000 
I/hr. Representative discharge rates range from 4,800- 
150,000 I/hr. Thcse volu~nes are the actual amounts of 
drilling fluids being discharged. Comn~only,  drilling 
fluids are diluted with seawater prior to  their discharge; 
this results in higher total volumes of effluents with 
reduced concentrations of muds. The rtlaterial being 
discharged consists of a fine particulate o r  solids phase, 
as wcll as a dissolved or soluble phase. The particulate 
materials either form flocc~tlated clay spheroids and 
rapidly drift downwards to  form a bottom plume, or 
are maintained in suspension. Along with the soluble 
phase, suspended particulates may form a turbid plume 
in the upper part of the water column. This plume is 
diluted at its edges by entrained seawater as it expands 
and is transported away from the discharge pipe. This 
progressively less turbid cloud often sinks until it reaches 
the thern~ocline or  pycnocline. Even though the soluble 
phase may persist for some time, the solids phase is 
quickly diluted. When 39,750 1 of drilling fluids were 
disc3arged at  a ratc of '729 I jinin, background levels of 
suspended solids were reached within 500 m of the 
discharge pipe (Ayers et al. 1980). 

up011 coniplction of drilling, the only discharge of  any 
consequence associated with production platforms is 
produced ("formation") water. This briny effluent is 
separated from hydrocarbo~l products, and typically 
contains high concentrations of dissolved salts (up to 
35!000 mg/l) including inorganic cations such as sodiurn, 
niagnesiunl, calcium, and anions suclz as chloride, 
sulfate. carbonate, and bicarbonate. Hydrocarbons and 
other organic compounds are present in parts per million 
levels. Produced water is usually warm (30' to  40 '~ )  
and anoxic (Gallaway 198 1 ). The  volume of discharge 
varies considerably among fornlations and over time. 
An actively producing gas and oil production platform in 
the Buccaneer Gas and Oil Field (BGOF) 5 0  km south of 
Galveston, Texas. discharged a n  average of 160,000- 
223,000 l/day (Gallaway and Martin 1980), containing 
382  g of alkanes and 17-23 g of  a wide variety of light 
aromatic hydrocarbons (especially benzene, toluene, 
and ethylbenzene) (Middleditch and West 1980) for a 
total of 19% of the estimated 2 kg/day of petroleun~ 
hydrocarbons discharged frorii the platform. Large 
quantities of particulate sulfur (207 kg/day) were 
discharged from BGOI' platforms. Sulfur is insoluble 
in water and has a specific gravity of about two,  and 
thus may serve as the niajor transporter of oil through 
the water column to the sedinlents, if llydrocarbons can 
be absorbed onto sulfur particles. Oily sand is sonietimes 
mixed with formation waters and discharged overboard, 
and may also transport hydrocarbons t o  the bottom, as 
may metal flakes front t h e  platforms themselves. Con- 
taminant levels in sediments beneath the BGOF plat- 
forms were highly variable, bu t  typically greater than 
those in control areas more than 5 0  nz away. 

Operations on the niajor platforms in the Gulf of Mexico 
require workers t o  live o n  site. Living quarters are 
typically provided, often on  an adjacent structure (see 
Figure 1). These quarters platforms us~tally have an 
electrical power generating unit (often fired by the 
natural gas being produced), a desalinization plant to  
provide freshwater, and a sewage treatment plant. The 
discharges from these activities (heated cooling water 
from the electrical generating plant. brines separated 
from seawater and treated sewage) are often combined 
in a single low-volume outfall. We are aware of only one 
estimate of  the volume of  such flows: 30 i/hr combined 
flow (Gallaway 1980). 

1.4 BIOLOGICAL STUDIES OF PETROLEUM 
PLATFORMS 

Fcw of the biologicai studies which have been con- 
ducted in the northwestern Gulf of Mexico have focused 
directly o r  indirectly upon the biological cornnlunities 



of petroleum platfornrs. licsults of the first pertinent 
study were reported by Gunter and Geyer (1955). They 
described the biofouling cotiimunity growing on legs of 
an oil platform in the northern Gulf of Mexico, and tile 
colonizatiol~ patterns on steel pipes experimentally 
placed at different depths around a platform. Although 
some work was performed on an experimental platforn~ 
in tlre eastern Gulf of Mexico (Pequegnat and Pequegnat 
1968). results of studies performed on petroleum 
structures in the northwestern Gulf of Mexico did not 
surface again until the plrblication of the 0j:fslrore 
Ecolog ,~~  Invcstiga~ioris (OEI), a series of colnprehensive 
studies sponsored by industry and conducted by the 
Gulf Universities Research ('onsortiurn (for a review see 
Ward et al. 1979). As part o f  this effort, Bert and IIumrn 
( 1079) described the con~position of marine algae on 
platforms. George and Thomas ( 1979) described bio- 
fouling conrmunity tly~la~nic:; and Perry (1 979) com- 
pared henthic fish populations :iround ~)roduc~tion and 
tlrilling platl'or~rts lo those in control areas. 

Shinn ( 1974) was antong tire first researchers to  describe 
llrc composition ;inti vertical zonation of fishes around 
Louisiana offshore plalfor~t~s.  'l'his s t i~dy  was followed 
by Sonnier et. al. (1970). who compareti fish faunas 
associated with natural reefs in the ~iortirern Gulf of 
Mcxico to thosc around offshore p c t r o l c ~ ~ ~ n  strrictllrcs 
of tlre region. 

'I'lre 1l;uccanccr (;as a n d  Oil Ficlti (B(;OF) Study was 
;~d~rliltistcred hy the Nation211 Marine Fisheries Service 
( NM 1:s) :tnd spo~isoretf hy tire Fkvironmental Protect ion 
Agc'ncy (f'P.4) from 1970-1 980. 'This study was directed 
solely towards tletermining thc effccts of a gas and oil 
ficld on thc surrounding cnvironntent (for ;I review see 
Mitldlctfilctl 1981). 131;01: is located al)olrt 50 kru 
fr-0111 s l~orc ncar (;alvcston. Tcs:is, in water 11 .5  111 deep. 
S~irn~narizccf rcsults o f  spccific stutiies on hiofouling 
cc)~tt~n~~rritii 's  nlay t x  Sounil in Fot hcringham ( 1  9 8  1 ) 

and Gallaway et al. (1 98 1 a); on platform-associated 
fishes In Gallaway et  al. (198 la ) ;  on  birds in Aumann 
(1981); and on ecosystem dyiiamics in Gallaway and 
Margraf (1 978), Fucik and Show (1 9 8  11, and Gallaway 
ct al. (198 1 a). 

During 1978-1 979, BLM also supported investigations 
of petroleum production platforms in the central Gulf 
of  Mexico west of the Mississippi River Delta (Bedinger 
et al. 1981). This effort was dedicated prirrrarily t o  
assessing the cumulative effects of contaminants from 
petroleum platforms at  some distance away from the 
production facilities (as opposed t o  the immediate 
area) with regard t o  platform age, type of product, 
water depth, and bottorn conditions. The Central Gulf 
Platform Study also included research on biofouling and 
platform fish cornniunities (Gallaway et al. 1981b). 
The purpose of the latter program was to  investigate 
the "artificial reef" effect of selected petroleum struc- 
tures characteristic of various production types and 
durations. Particular attention was directed toward two 
nearshore platforms (water depths 12 m and 18 m ;  
distance front shore 4.8 krn and 19.3 km)  and two more 
remote plalforrns (water depth 35 m and 46 ni; distance 
from shore 4 2  krn and 53 km). 

Current projects include BLM and NMFS studies of  
fishing activity around production platforms t o  assess 
thcir importance to  recreational fishermen; effects of 
drilling and platform placement on the Flower Gardens 
Banks, a coral reef area approximately 200 krn southeast 
of Galvestoii, Texas; industry monitoring programs of  
the effects of drilling atid production activity in the 
vicinity of the Flower Gardens; and a BLM study of reef 
fish being conducted t o  assess fish populations at plat- 
forms, reefs and platforrtis near reefs in order to  gather 
information on the effects of platforms on  reef fish 
distributions. Data from these studies were not available 
for incl~ision in this report. 



CHAPTER 2 

COiIIMUNITY DESCRIPTION 

'The con~position of biofouling con~n~uni t i es  and fish 
assemblages associated with petroleum structures in 
the northwestern Gulf of Mexico varies considerably 
depending on such factors as location of the platform 
with respect t o  distance from shore. latitude, water 
depth, and age o f  tlie platform. Based upon biofouling 
and fish surveys conducted at 20 platforms in waters off 
Louisiana, Gallaway et al. (1 98 1 b) deternli~led that 
three distinctive platform faunal groupings were repre- 
sented: "Coastal," "Offshore," and "Bluewater" assem- 
blages. Approxinlate boundaries for the  zones charac- 
terized by these assen~blages were from the  beach t o  the 
30-m depth contour (Coastal); 30- t o  60-111 depths 
(Offshore); and greater than 6 0  m deep (Bluewater) 
(Figure 5 ) .  The location and composition of these 
assemblages were undoubtedly influenced by a number 
of interrelated environmental factors including: ( I  ) the 
distribution of turbid water layers: (2 )  seasonal extremes 
of temperature, salinity and dissolved oxygen; (3) pri- 
mary productivity of' the surrounding water column; and 
(4)  the degree and extent to  which the  platfornls are 
exposed t o  Caribbean water masses. 

The biofouling conimunities of the three assen~blages all 
have the same general structure in that they are com- 
posed of shelled forms which shape the ge,neral structure 
of the overall habitat, and an encrusting mat community 
which provides additional habitat for cryptic species. 
Coastal platform assemblages are typically dominated 
by one t o  several species o f  barnacles whose shells are 
covered by hydroids, bryozoans, and sponges. On 
Coastal platforms, the conlnlercial oyster (Cvassostreu 
virginicu) is usually represented but is seldom abundant 
except in the protected areas of the angles and joints of 
the platforms. Offshore cornmunities are highly similar 
but are dominated by pelecypods instead of barnacles. 
Offshore con~n~uni t i es  also have luxuriant growths of 
octocorals such as Telesto sp. and large nlasses of algae 
near the surface. Compared to the  Coastal and Offshore 
biofouling communities, Bluewater biofouling assem- 
blages are marked by low biomass. Algae and stalked 
barnacles are abundant at the surface, and pelecypods 
are abundant at greater depths. The encrusting mat only 
sparsely covers the platforms. 

The BGOF, OEI. and two shallower Central Gulf Plat- 
fnrrsl Study p!atforn,s 'iiiere located within the Coasta! 
zone. while the two deeper platforms of the Central 
Gulf Platform Study were in the Offshore zone. 

We have also examined 18 platfornls in offshore Texas 
watcrs from near Galvest011 to a point near Brownsville. 
All of tllese have been in either the Coastal or Bluewater 
depth zones. and the assemblages present have been 
representative of the classes that would have been 
expected from extrapolations of the Louisiana investi- 
gations. The Bluewater asseniblages seem t o  be virtually 
identical regardless of geographic location within the 
northwestern Gulf of Mexico. However, the Coastal 
biofouling cornmunities 011 Texas platfor~ns differ 
greatly from those in Louisiana waters, mainly in terms 
of the species con~position of the doniinant barnacles. 

2.1 SELECTED BIOFOULING COMMUNITY 
COMPONENTS 

The following section provides supplementary informa- 
tion on the  biology of a nuniber of fouling community 
groups found on  or around petroleum platforms in the 
northern Gulf of Mexico. En~pl~as i s  is o n  life histories, 
faunal affinities, trophic interactions, reproductive 
patterns, and similar topics arranged by taxonomic 
category. This material will be most useful to  readers 
unfamiliar with many of the animals and plants dis- 
cussed in other portions of the report. The tern) "foul- 
ing" is hardly con~plimentary, accurately reflecting its 
original use to  describe species which fouled the bottoms 
of ships. reducing their speed by increasing frictional 
drag. Many fouling organisms are well known bio- 
logically because of their econonlic importance t o  
shipping and other marine industries. Petroleun~ plat- 
forms are also subject t o  drag considerations since they 
are designed to withstand certain nlaxirnu~n shear forces 
generated by tlie action of waves and currents. Fouling 
organisms increase those forces sufficiently to require 
the  use of antifouling methods such as toxic paints or 
rriechanical scraping, or, as is the case in the Gulf of 
Mexico, "overbuilding" each platform t o  take the 
anticipated additional drag into account. Neither 
approach is inexpensive; for example, in the North Sea 
the  current "fouling allowance" requires 'the use of 
materials with an additional strength or thickness 
equivalent to  5 c n ~  of steel (I-Iardy 198 1 ). 

h4any organisms found on petroleum platforms are 
restricted t o  a particular depth range. The sanie orga- 
nisilis 1!3a)7 occupy a n o r e  !ir??ited dept!~ range o:? natuxa! 
substrates, where they are conlnlonly exposed t o  preda- 
tors and co~npetitors no t  necessarily present on  the 





platforms (Paine 1974, Wolfson et  al. 1979, cf. Lewbel 
et al. 198 1). The reason is that the  platforms are com- 
monly built on soft bottom, far from t h e  nearest hard 
substrate. Organisms settling o n  platforms are not 
soft-bottom species; consequently, platforms represent 
a novel habitat (equivalent t o  islands) accessible only t o  
those hard-bottom species able t o  drift on floating 
objects and to species with pelagic larvae capable of 
being carried t o  the platforms fro111 the nearest breeding 
population. As a result, platforms harbor an abbre- 
viated list of hard-bottom species compared t o  similarly 
complex natural substrates. Those species which can 
successfully populate the platforms often expand their 
depth range due t o  the paucity of normal predators and/ 
or competitors. 

Furthermore, the species which are not location-depen- 
dent for food (e.g., filter-feeders) are more likely t o  be 
effective platform colonists. In fact, the majority of 
platform fouling organisms fit this description; most 
feed on plankton, and many, such as barnacles and 
hydroids, have very wide geographic ranges indicating 
broad environmental tolerances. Cosmopolitan species 
capable of attaching to ships and withstanding environ- 
mental conditions en route t o  the  platform areas may 
also be expected t o  have some probability of prospering 
once they become established. Several biogeographic 
provinces are represented on petroleum platforms in 
the northern Gulf of Mexico, including the Carolinean 
province (extending from the southeastern coast of the 
United States into Texas waters, but bypassing the more 
tropical Florida peninsula); the Caribbean or tropical 
biofouling assemblage (which includes warm-water 
forms primarily carried northward as larvae); and the 
Mexican province of nearshore species extending north- 
ward along the southern 'Texas coast (Gallaway et al. 
198 1 b). 

Bacteria 

Marine bacteria associated with petroleum structures 
may be either attached t o  a substrate o r  suspended in 
the water column. Those attached t o  substrates may live 
on p la t fo r~~ls  and other artificial structures, on  the 
epibiotic layer of larger organisms, or on benthic mate- 
rials such as sediment grains. In any case, bacteria 
would be common whether or not any structures present 
were petroleum-related; indigenous bacteria are found in 
most marine environments. As a group, bacteria can 
tolerate a wide range of ecological conditions, persisting 
either becausc of o r  in spitc of situations that n a y  bc 
unfavorable for other organisms. Bacteria reproduce 
relatively rapidly by cell division, thus making it possible 
for bacterial populations t o  be maintained even in areas 

of continual dilution by convection, as long as indi- 
viduals that are removed are replaced by others at an 
equivalent rate. 

Marine bacteria are of particular interest in petroleum- 
related studies fo r  several reasons. First, bacterial activ- 
i ty  on steel structures may cause significant corrosion 
due t o  the release of inorganic acids. This is an ex- 
tremely localized effect and will not be discussed further 
in this report. Second, some bacteria can utilize petro- 
leum hydrocarbons metabolically (e.g., Childers et  al. 
1981) and are active agents on a global scale in pre- 
venting "the accumulation of hydrocarbons in aquatic 
systems" (Oppenheimer et al. 1979). In other words, 
they can consume and degrade large quantities of 
petroleum, e.g. from an accidental spill. Third, oil- 
degrading bacteria can serve as indicators of petroleum 
availability or exposure (see Cretney et  al. 1981 for a 
list of recent literature). For example, in offshore oil 
fields and appropriate control areas in the  North Sea, 
the concentrations of hydrocarbons in t h e  water column 
and in the  sediments were directly correlated with 
the  abundance of oil-degrading bacterial populations 
(Gunkel e t  al. 1980). 

Recent large-scale research efforts t o  characterize 
marine bacteria associated with petroleum exploration 
and development in the northern Gulf of Mexico include 
the OEI, the Central Gulf Platform Study, and the 
BGOF Study. The OEI marine bacterial program studied 
forms suspended in the water column (Oppenheimer 
e t  al. 1979) while the Central Gulf Platform project 
considered marine bacteria in sediments (Brown et  al. 
198 1). The BGOF study took both sediment and water- 
column bacteria into account (Sizemore et  al. 1981). 
Thc following material summarizes and comments upon 
the  findings of those three programs with respect t o  
marine bacteria. Water-column studies are treated first, 
followed by sediment studies. 

The OEI study area was near the mouth of the Missis- 
sippi River, off Timbalier Bay, Louisiana. Bacterial 
samples were cultured from water samples taken near 
production platforms and from control areas through- 
out  the Gulf of Mexico. The authors reported that 
numbers of heterotrophic (i.e., non-photosynthetic) and 
hydrocarbon-oxidizing (i.e., oil-degrading) bacteria were 
not elevated in samples from platform areas vs. control 
areas. There was n o  correlation between the abundance 
of hydrocarbon-oxidizing bacteria and the  concentration 
of hydrocarbons in tlte water samples, both of which 
were considered low. Samples from surface and 6 - n ~  
depths were essent~ally the same m terms of bacterial 
abundance. Individual bacterial taxa were not described. 



'l'lle authors  interpreteci their data t o  iniply t h e  exis te~ice  
of  steady-stat6 conditions in which tile bacterial popul;r- 
ti011 in tlic Ol j l  region was capable o f  degratling virttrally 
all coiitiiionly found types of hytlrocarhons. which werc 
jxesent at such low lcvcls that  Oppenhcimer et al. 
( 1 0 7 0 )  concl~rdcif " t l t : r l  :rn atleqtratc inoct~larn  was 
naturally present t o  respond to oil i~olrtanlination in 
nattrre." 

.I'hc Central (htlf J'lat forin Study ~)rojcc t  sites were 
l o ~ ~ a t e d  iniriicdiatcly west of tlie ~nor r th  of tlte Miss- 
issippi River. cncon~pussing tlie sl;rlions previously 
s;r~nplcd I>y 0151 i~~vcs t igntors .  N o  causc-and-ttft't'ct 
rcl;~tionsliips wcrc t l cn~o t~s t rn t cd  hctwccn huntan activlty 
( i . c ' . ,  pclrolctrtii [~rocluctioli)  : ~ n d  tlie al>nntlancc 01' 
k>ac.tcri;~ in s c~ l i~ r r cn t s ,  So~~rc:ti~ni!s s l ~ i t i s l i c ~ ~ l l y  signific;1111 
difl'crcncrs ouistccl hc twccr~ control  sites :rntl platfornr 
sitcs. wl~i lc  ; k t  o t l ~ c r  tinrcs n o  dil'l'crcnccs werc notetl. 
Sc;ison;~l c l~: t~ tgcs  i l l  ahlrnti;~ncc werc n~:il.kctl, ant1 
:rppt':trcci t o  Ilc ;I result of c l~anging rivcr {'low ant1 
~.urrc*nls wlii<.I~ alt~:rctl 111t: surl'ic.iit1 sctlirr~cnls I ' IOIII  
wl~icli  the s a ~ n p l c  l);rcti-ri;~ wcrc c~oll~!ctctl. l ' liesc n ; t t~~r ; r l  
c.ll:~~>gcs n~;rskcd rn;in'\ ;ii.tivity. As in t l ~ c  0 1 : I  s tutly,  f l r C  
at11 Ii<)is t1iff't~r~~rrti;rt cd I > L ~ ~ w ~ ! L ~ I I  tot ;11 I I L , ~  csot roplis ;ind 
t l ~ o s i ~  wiiii~lr coultl dhlgraclc oil .  Mcxn v:rlrics for  ( 1 1 ~ :  tllrce 
i.ruist's t.;rngetl froill 550.000-1 ,100,000 ;rc~-cil~ic. Iretcro- 
trol)lr~c~ ~ . o I o ~ i y - f ' c ~ r r l ~ i ~ l g  trnits (('1:fl) c~rlttrretl o n  il~;rrinc 
:rgirr. per c.111' of' scclirnt:rit for c o n t r ~ > l  nrc;is. coni[)arcd t o  
X4.000-3,700.000 ('i;[l/cwr"or p r i~ i i : r~y  ~>1iiISor111 
sltrdy ~*itcs.  I:cli~iv:rll~nt v:tl~res for. oil-t1e~pr;t~Iing 1l;r~~tcri;r 
(t'rrllrrrctl o n  oil ;ig;rr ril~igcd t ' r o ~ ~ ~  0.000-?..100.000 
~ I : ~ J / ' . I I I : '  ( 13row11 ct :{I ,  I oti I 1. 

/\v~.rirgc valtrc.; {'or cortlrol sitcs va. ~ll ;~lfoi .rn sites iir titc 
('t.ntral (;tilt I'l:~tl'c>rt~t Slridy wcrc (hascd o n  the  rnt:;rri of 
1111-cc ~.rriist* ~ r r ~ * a n s )  ShO.Oh(r total Irctc~.c)tropl~ ('l:ll,/~.n,~ 

wti1111c11t and O ~ > . O O O  o i ~ - ~ ~ ~ h g r ; i ~ ~ i n g  (%1:11/1711~ vs. 
1 .5.35 ,.I.<.: I t , t ; ~ l  hc.terot r o l ~ t ~  ( ' I ; I I / L . I ~ ~  :~ntl  1 .00X.606 
vil-tlthyrriilinji ( ' l : l ! / c ~ n ~ ~  r.cspc~.tivt-ly. 'I'I1c rclativc propor- 
I I O I I  o f  ~~iI-(lc-gr:~ding I>;i~~lcri;r 111 s e t l i ~ i i c ~ ~ t s  ( 0 6  ,' w.15 
rrltrcl~ I1ighc.r' Ltlltri titat forrntl in t l i t .  01:l w:rtcSs s ;~~up l~ . . ;  
[I, ';  ). Soillcllnlcs r:l<jrc r.oionics wcrc i \ ~ l l I l ~ ~ t I  011 oil 
tiicili3 t11a11 <xi1 s~iindarti  rrt;triric~ ;lfiar. ' l ' i t t .  ; t~rtliors also 
pc>intcd oiit tiriri pr.evious wc,rk lias si~~:jiestcrl Illat t l ~ c  
"level 2nd prol>tjition trf' hy~iro~.;tl.t>ori t r t i l i~e r s  appear 
t o  I)? a sr:tisili\;~. iiridex of' ltycirocarl1ons i n  t h e  e ~ i v i ~ o r l -  
rrlcrrl" (Brown i:t ;i1. 1 Y l i  I .  fro111 i\ti;rs I CIS I '). Given t 1 1 ~  
rclalivcly Iiigli pt'oportioli of nil-ctsitlizing lxiztcria I'oirncl 
i n  t he  C'cntral (;ult' I'tatforrrr Stirdy. t11c a i r l l~o r s  posttr- 
latcd that  1111. ciirilc \tir[iy area 11ad I.rci.11 previorlsl! 
i..<posi.J 1 , ;  t ~ i : d i . ~ ~ ~ , l r t - ~ o i : ~  i~ saFe ~ ~ ~ ~ r ~ i i ~ ~ i o i ~ ) .  

'l'lic Ccntral  Gulf P l a t f o i ~ ~ i  S tudy  incliidzd an a t t empt  to 
quantify tile at i io~rnt of oil tha t  could be oxidized by 
bacteri;il activity in sedi~l icnt .  While there is sollie 
controversy ;rl,o~rt t he  best uF:ly to  make this asscs?nieiit. 
a n  :Iver;lgc valac o f  50 pg ~ I J ' ~ ~ O C ~ I ~ ~ > O ~ ~  c a r . ~ > o n j c ~ i i ~  
of seilirnent per clay W;IS given as a realistic, estiriiatc. 
In adclition, sever;il bactcri ;~l  ntetaholic activities such as 
sulfur oxidation arid cnzyrnatically nicdiatcd rcactioris 
were found no t  t o  be  adversely affected by low lcavels 
of aclded j~etrolerrrti. 

The BGOF ~i iar ine  hacterial sttrdy ~ r t i l i ~ e d  watcr and 
setlir~tcrif sari~plcs collected f ror t~  t w o  ~.rlatforr~ts i in~i  a 
cont ro l  a r ra  ;thotit 0 krn ;iw;iy. Analyses i n ~ l u d e d  abun-  
dance estimates,  tauor io i~r i i~  c l~aracter i ra t io~ls .  assays 
of t.he ability of 1);rcteriii t o  tolerate c o n ~ p o n e n t s  of t h e  
brine disch;trgetl f ror t~  the pi;rtforrns (e.g., sulfur.  petro- 
le111i1 hydrocarbons.  ;rnd I>iocitles). and  tests of oil arid 
sulftrr tlcgradation by lxiclcria froin the s tudy area 
(,Sizt'niorc e t  al. 108 1 ). 

Altllotrpli tlic I ~ L I I I I ' / ) C ~ S  01' h;tctcr;;r in t l ~ e  water colulnri 
;11icI in tlie sedi~trcnts averaged ~ l ~ p l i t l y  Iiigltcr in the  
corrlsol :ilea t l t~rn irt t he  study sites dusing some  seasons, 
tlrc ;~rrtliors did ttot consicier tlrc clil'f'erenccs hetwecn 
sites l o  Ile rnore i11iport:int tliarl tIlosc within sitcs a t  
tlifl'erc~rt watcr depths  or  o n  different dates.  Parallcl 
scasonal ta lonolnic  c1131tpes were 110 t~d  in tlie wa t r r -  
hornc and setlirnent bacterial popul:~tions of hotli 
c . o ~ ~ t r o l  ;inJ platforrii sitcs. '111s "general physiologic.vl 
profilc of t he  I)ncteri:rl pop~rlatioli." ;is deterriiined hy 
p r o w t l ~  on various culture rr~cdia.  s l~ow~>c l  no sipnifi- 
cant tfii'ferc*ni~c  iron^ pl;ltfot.tti t o  control  site, with ont' 
niajtrr csccpt iun .  The iwtitrol site had consistently lower 
proportions and  rtunibcrs o f  sirlfur-oxidi/ing bacteria 
lltarl tlitl 1111. R ( ; O l '  ~>l;~t! 'or~ti  ;rrca, whizlt also Ilasbo~.t~d 
large ~ ~ ~ r n i t > e r s  01' s ~ r l l ' ; r t ~ ~ - ~ - e d t ~ ~ ~ i ~ i g  1)a~,tcria ( 3 2 ' ;  o f  t he  
t i ~ t a l  ~ ~ o ~ i r l a f  1011 ). 

Urine tlisc~tr;r~yes t'ro111 the UGOF 1,l:ttiorri1s irlltihite.il 
t l ~ c  ~ticL;~l>olic. ai.livit!. arid growtlr o f  baitcri:: t ' ro~n 
lahol-atory c u l t u ~ c s ,  l>ut not o f  tuc'teria froill tlit. plat- 
form ;irc;r, s o n ~ c  of wliic11 were s t in~ula ted  by addit ion 
o f  tiriiic colllpc>tiertts t o  tltcir growth ilredia. Most (90"; )  
I>ir~tcria in a';ltc:r sartij,I~s t3ken fro111 tlie platforriis 
were attazlicil t o  particles larger than 3 p g .  1x11 the  
p;irt.icIea in t hc  wiitrr dirsctl}. hclow the  brine discllsrge 
were apparently uns~r i t a l~ l c  for  bacteria. I 'hc autliors 
a t$r ibutc .~i  this eff'ec.1 t o  either high 'oncentrations 
o f  discharge o r  to  some fea ture  uf tll-:. discharge itself. 
> L L L , ~ I  a h  L~ioc~cIc\. 



Hydrocarbon-degrading bacteria were present in greatest 
abundance within 100 nl of the BGOF platform bases. 
as were sulfur oxidizers and reducers (up to 7% oil 
degraders, up to  7% sulfur oxidizers. and up  to 36',~L 
sulfate reducers). Little sulfur-oxidizing activity was 
evident in culture, due (probably) to  the high propor- 
tion of non-obligate IieterotropIiic sulfur utilizers, 
which rely primarily on organic material rather than 
upon sulfur as an energy source. Sulfate reduction was 
not assayed. Hydrocarbon oxidation was quite effective; 
most n-alkane hydrocarbons were degraded by cultures 
within 7-28 days, with other components such as aro- 
matics requiring more or less oxidation tirne depending 
on the strain of bacteria present. 

In addition to these studies, Sizemore et al. (1981) 
investigated bacteria from diseased and healthy fish 
around the BGOF to determine if the observation of 
Gallaway et al. (19813) of increased numbers of fish 
with lesions might be attributable to particirlar patho- 
gens. Only one taxon known to be pathogenic (Aero- 
morlus Izj~tO.ciplzilia) was detected; this pathogen may be 
involved in fish diseases associated with polluted water. 

'The most significant findings of the  three northwestern 
Gulf of Mexico oil platform marine bacterial programs 
were: 

1. Nurilbers of bacteria associated with 
platforn~s do not differ greatly from 
those in control areas. 

2. Proportions of oil-degrading bacteria 
adjacent to  platforms are often some- 
what higher than in control areas. 

3. Oil-degrading bacteria appear t o  be 
ahle t o  reduce levels of hydrocarbons 
in the vicinity of platfomis t o  near- 
background levels under conditions 
of chronic, lowconcentration dis- 
charges. 

4. Produced water discharges containing 
sulfur, hydrocarbons and biocides 
may engender large proportions of 
sulfur-redi~cing bacteria and hydro- 
carbon-oxidizing bacteria in their 
immediate vicinity. 

5. Normal marine microbial activities 
are apparently not adversely affected 
by low levels of oil. 

-4lgae (Plate l a )  

Marine algae in the northern Gulf of Mexico tend t o  be 
rather inconspicuous forms compared t o  those found 

o n  the east and west coasts of the United States, where 
macroalgae such as giant kelp may define entire bio- 
logical c o ~ ~ ~ r n u n i t i e s .  While solid substrate is required 
for the attachment of large algae, most substrates in 
the northern Gulf are soft sediments (Edwards 1976). 
Consequently, flora of petrolcu~n platforms in the Gulf 
of Mexico differ fro111 the large, luxurious algal growths 
previously described for platforms in temperate waters 
(e.g., Carlisle et al. 1964, Evans 1981, IIardy 1981. 
Moss et al. 1981). Bert and Humm (1979) recognized 
the Louisiana platforms as unique algal habitats, stating 
that  other than platforms, virtually no "suitable solid 
substrate for algal attachment [existed] in this area," 
and that platforms thus "constitute[d] a substrate of  
major importance t o  the occurrence and distribution of 
marine algae." 

A detailed taxonomic study of the marine algae asso- 
ciated with petroleum platforms and structures in the 
northern Gulf of Mexico was first performed during the 
OEI (Bert and Humm 1979). The platforms had a 
surprisingly rich and diverse algal assemblage. The OEI 
study raised the number of known marine algal species 
in Louisiana waters to  180, of which 120 (67%) were 
present on the platforms. The two platforn~s with the 
most species (76 and 6 3  species) were farthest from the 
Mississippi River mouth. A transect of three stations 
near the delta, going from nearshore t o  offshore, had 40 
(the fewest seen), 50, and 53 species, respectively. 
Most of the  algal species collected during the  OEI study 
were either microscopic o r  relatively small forms a few 
centimeters high. Some species grow colonially into 
large masses, though individual plants may be fairly 
small (e.g., the green alga Enteromorplza). The OEI 
investigators did not provide data on  algal biomass or 
abundance. Green algae dominated the OEI species 
list (35% of the number of species recorded), followed 
by red algae (3 I(%), blue-green algae (1 8%), and brown 
algae (1 6%). 

The BGOF study included the compilation of a check- 
list of 16 species of marine algae which were collected 
as part of the fouling community study (Fotheringham 
198 1 ). As in the OEI area, most of the species on  the 
list are relatively s~nall,  though colonial forms such 
as Enteron?orplza and Clzaetomorpha were present. 
Most microscopic species (e.g., all of the blue-green 
algae) were not included in the Buccaneer list. Since no 
attempt was made to identify these more difficult 
taxa, and given the very large number of nlicroscopic 
species !hat appearec? in the  OE! list, it is quite likely 
that thr  majority of species present at BGOE' were 
omitted from the compilation. 



No quantitative ~nforrnat ion was provided by Fothering- 
harn (1 98  I ) on  a species-by-species basis; rnost of the  16 
species studied were listed as "present" in the  sliallower 
portions of  the platf'orrns. particularly in the  littoral 
(i.e. intertidal)  zone. Few species were present near the  
bo t tom of the  platforms, probably as a result of' low 
light levels due  to  Ilic ncpheioid layer underlying Gulf 
of Mexico watcrs (Octking e t  al. 1979) .  Sorrie density 
estinlates wcrc furnisl~etl  in terms o f  percent cover for  
rnajor groups of algae visible in quiidrat photographs. 
Large temporal fluctnations and pronounced diffcre~ices 
between platforrns and between legs of  the same plat- 
form were observed. ]:or example, at  3 In tiepth o n  
January 1,  1977. o n e  platfornl Icg had about 6 %  cover 
of red a l p c  i ~ n d  t h c  salne of green algae, while anotllcr 
leg o n  the same ~ ~ l a t f o r ~ l ~  sliowed 871. <.over of  red algae 
but  n o  green. On anotllcr p la t for~n on  Noveiuher 1 .  
1976 ,  coverage of grccn iilg;~e ranged fro111 93';: :it 6 ni 
t o  98% :11 15 111, tllcn droppet1 to zero  :it I 8  131 ; red algae 
were not obscrvl*ti a t  ;Illy tlcplh. O n  the  salne pl i~t iorm 
3 months  latcr, green ;rlgacb were only rcr,ortlcd at 
3 nr (2%).  ;inti rrti alpat! were p r c s e ~ ~ t  in sn1a11 ; I I I I O L I I I ~ S  

at  3 In and 15  in. 

Recolonization st~irl ics ;rt U(;Oi: s l ~ o w c d  irlgae to 17' 

anlong tllc first species to sctllc ;i!ld grow in euperirncnt- 
ally scrapetl areas. 1l1ougI1 sc:~sonal ef'f'st.ts wcrc nlarkrd.  

\craped 5(, days ~ ~ r c v ~ o t r s l y  In wintcr, grccnb ;~ccounted 

tllc cases. suggssting (.itat either tlrc c;igrs thcntselves 
inlrihitctf illgal growth (e.g., hy siratling o r  ~.i*tl~rciiig w;itcr 
flow). or  111;rt one o r  i11or.c ct~rr~l>elilively tlollrin;rnt 
specleh forr~lcrly controllctl hy  t h c ~ r  predators trl~ght 
have p ~ o s p c ~  ctl wllcn protcctctl l ~ o t n  tllohe p r e d ~ t o r s  
( ~ f .  Ildyloli 1'171 ) I:or c\di~rplc.  90 d a y s  lollowing 
sunrlricr xrdptng or1 ~ I I ~ I C ~ I , I ~ \  ;11 .I tlcptli of 15  111 or1 o n e  
BGOJ7 J ) I ~ I ~ ~ ' ( ~ ~ Z I I ,  11rc t>ryc)/o,i~i +YUYI.~PII~P/~(I Iufot r t~  was 
prcscnt , t i  lcs\ t h ~ n  1 ' ;  covcr~rgc ~n untdgcd plot\ ,  whrle 
it exccctfcd Ii,': witl~ltr 111s c ~ g e ,  

In  o t h r ~  woih  'if 15(;01..  1low,trd ct .I! (l1lXO) rn\ic\t~- 
gated tlie laxonoinrc L O I I I ~ C ) \ I ~ I O I ~  and h~or l t~r \ \  o f  rill 

algial cornm~inl ty  whtch ini lirticil 17  spci ~ c s  of rtlacro- 
algae contdlnctl In ir,irvc~l w~ripleb I\lo\l of  tllc dlgdc 
were c01166t~iI ~t tieptlr\ 01'3 1x1 i111~i 8 IT),  ~ l t h o i ~ g l i  \01111: 

specres were r ~ ' s t ~ i c t c ~ l  to 5hdlloker o r  decpci waters 
Sunirner h~orltass 1'01 l l i d~ lOdlgd~  w,i\ ri1~1bi1 1i1g11er thctrl 
wltriel b i c ~ m d ~ ~  \ 17 i g/rn' v5. I 35 gjnl". r e spec~ t tvc l~ ,  
for  all sanlplcs co~nh lne t i )  Shallow w&er s, i~nplcs 
contained about an order 0 1  nidgnittrdr: more  algdl 

material than did deeper samples. Algal biomass during 
the  winter was higher a t  structures without produced 
water discharges, though patchiness during t h e  summer 
made it inipossible t o  discern any such pattern.  T h e  
biomass dominants in summer at  3 m were (in order of  
abundance. by weight): ( I )  an  unidentified green alga, 
(2)  t h e  red alga Polysiphoniu .szthtilissimu, (3) the  green 
alga Derbesiu vatrchcriuejiorrnis. and (4) the  red alga 
Cullirhatnnion hyssoides; at  8 m ,  the summer dominants  
were ( I )  C. hyssoides, ( 2 )  Polj)siphotzic~ denudata ,  and  
(3)  t he  green alga Cladophora sp. In the winter. t h e  
biomass dontinants a t  3 rn were (1) C. byssoides. (2) t h e  
brown alga C;ijrordiu rtiitchelliue, and ( 3 )  the  green alga 
Brvopsis I~ypnoides ;  a t  8 m . the  wintcr donlirlants were 
( 1 )  L). vnuchcriui>for~nis. (2)  an  unidentified red alga, and 
(3)  C hyr.soides. No surface (intertidal) samples were 
taken, h u t  algal biomass has been estinlated a t  over three 
tirnes that a t  3 nl, and made u p  prirriarily of  Entero- 
morphu and Cl(10ophori1 (George D. Dennis 111, LGL; 
personal com~nunicli t ion 198 1 ). 

'The Central Gulf Platform Study included a platfornt- 
hy-platform survey of macroalgae taken in fouling 
conlrnunity sn~nples  (Gallaway e t  al. 198 I b). ' raxonomic 
identifications were acco~npanied by  pigment bio- 
clie~nistry t o  differentiate between lrlicroalgae and by 
hioniass esti~ri;ltion. Pronounced variation between 
pl;lti'ornls was tlre rule. Twelve taxa were recognized 
t ' ro~n tllc four "pririiary" platforrns where studies were 
Innst intense. Nine taxa were identified to  the  genus 
level (Agurtil~iellu, Acroc[~uetiunt, C'erumium. Derbesiu, 
L'otliotrichuttl, Ilerposiphonia, Oscilluroria, I'olysipho- 
rjicr, iind Sphuceluriu). Algal cover was greatest in sarn- 
ples frorii the upper portions of  platforms. and increased 
with increasing dist;rnce frorn the  shore arid from the  
turbid Mississippi River plume. With increasing water 
clarity, Inore algae were found in deeper samples. 

I'hc mdior c ~ o n c l u s ~ a n ~  wlitch can be  reached about  
n iar i~le  algae o n  petroleunl platforrns In the  north- 
wc\tcrn C;ulf of' M e x ~ c o  are 

1. A very large number  of algal species 
are associated with the platforms, 
even in turbid nearshore conditions. 
Most species are relatively inconspic- 
t~o i t s  or  rnicroscopic, however, and 
species lists which ornit these taxo- 
noniicaliy more  transicnt forrns will 
b e  incomplete. 

2. The greatest portion of algal biomass 
o n  petroleurn platforms in the  
northcrn Gulf of Mexico is in the  
area closest t o  t h e  surface. where 



fila~nentous and/or thin tubular 
forms such as E~zteromorpha pre- 
dominate. Near the bottom, where 
a nepheloid layer may severely 
restrict light, algal biomass may 
approach zero. 

3 .  Marine algae are important colo- 
nizers, accounting for a large share 
of the surface area in new or  recently 
exposed solid substrate. 

Sponges (Plates 2a and b) 

Sponges are primitive animals consisting of several 
layers of  cells supported by a matrix of organic matter, 
calcareous or  silicious spicules, and/or proteinaceous 
fibers. The organization of the layers determines the 
size and degree of complexity of a sponge. Sponges 
nlay form simple cups or sheets, o r  be convoluted into 
massive structures several meters in diameter. Whatever 
the external shape of sponges, they all function sinni- 
larly. Water is drawn through the outer layer of cells by 
an active pumping process, passes through numerous 
rnicroscopic channels and chambers lined with flagella- 
bearing cells which produce the flow of water, and is 
ejected through the inner layer of cells into cavities 
which are connected to  the outside via one or more 
exhalent orifices. On its passage through a sponge, 
water has its oxygen and organic matter removed by the 
sponge, and to it are added wastes to  be excreted with 
the outflow. A large number of marine sponges harbor 
internal symbionts such as blue-green algae or intra- 
cellular bacteria; the biornass of Vcrongiu may be up 
to one-thud or more intracellular bacteria (Vacelet 
1975, from Barnes 1980). 

Sponges are extremely efficient filters; those few marine 
sponges which have been examined physiologically 
appear to  feed on  organic matter well below 1 micron 
in size, including ,planktonic organisms such as bacteria 
and colloidal material (Reiswig 1971). Pump rates are 
surprisingly high; for example, Verongiu kucunosa 
individuals having a total volume of  about 500 cm3 
pump an average of approximately 100 l/day (i.e., 
200 times their own volunie/day), and this value appears 
to be at the low end of the scale (Gerrodette 1981). 
Assuming that an average Gulf of Mexico petroleum 
platform has a surface area of about 3,800 m 2 ,  and 
has an annual average of about one-third of that area 
covered with a layer of sponge mat approximately 1 cm 
thick (G.S. Boland, LGL; personal communication 
tY82), and if one-half that thickness is made up  of 
sponge (rather than hydroids or algae), the average 
volume of  sponge supported by each platform is 6.3 m3. 

At a daily pumping rate of 200 times sponge volume, 
one might expect the  sponges on a typical platform t o  
filter about 1,300 rn3 o f  water per day. 

Sponges reproduce both sexually and asexually. Most 
sponges are sequentially hermaphroditic, producing 
swimniing larvae which metamorphose into sessile 
adults after settling. Many species of sponges have 
indeterminate growth patterns, spreading out over 
available substrate and assuming whatever form is 
dictated by environmental conditions. Small portions 
of the original adult nlay regenerate o r  form other  
adults if physically cut  off. 

Taxonomic problems are rife within the sponges. Classi- 
fication of sponges is not based upon external appear- 
ance, since this feature is so  variable, but  rather upon 
spicule morphology. As many sponges look similar 
externally, most species cannot be reliably differentiated 
in the field by visual means. Even within the same 
individual of the same species, spicules may vary in size 
and shape, and specialists are required t o  properly 
identify most sponges. Consequently, the majority of 
sponges are probably undescribed. In this group, how- 
ever, it seems reasonable t o  accept an ad hoc ecological 
lumping, since most sponges are very similar trophically. 
While this approach is not aesthetically appealing (espe- 
cially to  taxonomists), for all practical purposes one 
sponge is very much like the  next sponge, viewed strictly 
from a trophic standpoint. Sponge species have definite 
habitat requirements and differ in their associated 
con~munities, their abilities t o  overgrow or  be overgrown 
by adjacent species, and so forth. These comments may 
best be interpreted as an apology for  the abysmal state 
of sponge classification, which forces most authors t o  
leave sponges unidentified. 

The OEI investigation of nearshore Louisiana platforms 
did not discuss sponges in detail, but their biomass 
(163 g/m2) was second only to  barnacles in samples 
collected o n  a typical platform at a depth of 2.4 m in 
winter (George and Thomas 1979). Below that depth, 
they declined rapidly to  negligible values at  12.8 m. 
Surveys on  the same platform in midsummer showed 
values 10%-15% of those at  equivalent depths in the 
winter, Indicating a seasonal decline occurred during 
the warmer months. Sponges were not found to be a 
significant colonizing group in test panels suspended 
t o  collect settling species in the OEI area; one uniden- 
tified sponge was listed t o  be present only o n  test 
panels suspended from a platform about 8 3  km from 
shore. 



The Central Gulf Platform Study observed sponges t o  be 
most important on two Coastal platforms in Louisiana 
waters. At one platform, sponges accounted for 10% 
cover at 10 m,  but were not common near thc surface; 
at the  other platform, sponges were dominant at the 
surface (45'3 cover) and ablrndant a t  10 m (22% cover). 
Sponges did not account for significant cover at either 
of the  two Offshore platforms, indicating a strong 
habitat preference for nearshore environments. The 
niost important species was a member of the family 
Clionidae (Gallaway et  al. 198 1 b). 

On HGOF platforms, Fotheringham ( 1  981 ) identified 13 
species of sponges. Fotheringtian~ supplied two appar- 
ently contradictory sets of data for sponges; one table 
entitled "Seasonal and vertical distribution of algae and 
invertebrates" listed sponges as "present" only in the 
summer. tiowever, nlore detailed information on per- 
centage cover occupied hy important species on  the two 
p1;ltf'ortns surveyctl indicatetl heavy winter sponge 
growth for several species. Several sponges spanned 
hroad tleptl~ ranges. For ex;lniple. in Noven~ber satlipling 
o n  one platfor~n, ilulic.lorzu l oosu t~o / : f i  was ;~hund:int 
from the surfirce down to 21 rn, with a strikinb lncrease ' 

in relative i l~~por tance  with depth (tip to O L l ' % s  coverage 
at 15 n ~ ) ,  excluding the section imn1ct1i;ltely adjacent 
to t l ~ c  bottom. Ifowcver, tnost species were Inore re- 
stricted in dcprll distribution; c.g., seven species were 
itlent.ified only within one 3-111 hiind. Cloverage was 
patchy ;~ntl variable froni one sar~ipling period to the 
nixxl. 'l'wo ~ l \ o t l t l ~ s  later on tlic salnc platfortn, coverage 
o f  11. loosr~n(f l j i '  was nil down to 15 111. ~ 1 i ~ r . c  i t  occu- 
pied 73'A of the availiil~le space; at 18 ni it h;ld cxpandcd 
froni 05, coverage in Novcmher lo 80% coverage it1 
Janitary. In contrast to  the OtiI study, sponges on the 
E3C;OF: appeared to bc important colonizing organisms 
on expcritncntally bared substrates. Species of f k ~ l i c l o n a  
appeared t o  dotuirlate both winter and summer expcri- 
rnents. in hotli caged ant1 uncaged quadrats. 

Majol  conclusions ;lhout sponges o n  pl~tforriia In the 
nort hwrsterti Gulf of Mcuico tnclucic 

I . Spc)rigc\ account for a large propor- 
tion of the rnat of fouhng orgdnisnls 
whtcll covers tlic ahelis of barnoclcs 
and b~valves at tached t o  platfor nis. 

2. Tlic sponges on nearshore Louisiana 
and Texas platfor~ns show winter 
growth and a summer dleback. 
Sponges are relatrvely unimportant 
fro111 a hionid\\ standpoint on Blue- 
watcr platforiils. 

3. Sponges o n  platfornns have broad 
depth tolerances, with some species 
preferring upper portions of plat- 
forms and shunning the areas imme- 
diately adjacent t o  the bottom, while 
other species show an inverse of this 
distribution. 

4. Sponges are important colonizers of 
bare substrate at BGOF, but not in 
the OEI area. 

Barnacles (Plates 3a and b) 

Barnacles are marine crustaceans which are sessile as 
adults. While approximately one-third of the 9 0 0  species 
of barnacles are parasitic or commensal on other organ- 
isms, most species are free-living and are attached t o  
solid objects such as ships, rocks, shells, o r  artificial 
substrates such as oil piatforri~s (Barnes 1980). Free- 
living forms include stalked barnacles, which are at- 
tached by a peduncle or long neck-like structure, and 
stalkless barnacles. Both stalked and unstalked free- 
living forms are either wholly or partially protected 
by calcareous plates. In unstalked barnacles, five o r  
more of the plates are typically fused into a cup-shaped 
sllcll within which the living tissue is shielded by several 
tnovable plates that can act as a cover for the cup. 
Free-living barnacles feed on suspended particles o f  
organic material in the  water, which they filter through 
specialized thoracic appendages. 

Many free-living barnacles have sharply ~ o n e d  intertidal 
or shallow subtidal distributions, but others show few 
restrictions and are found over a wide depth range 
(I-Iurley 1973a). Barnacles are very successful at colo- 
nizing exposed structures such as oil platforms due t o  
several features of their life histories. When presented 
w ~ t h  suitable substrate, their ability t o  settle and adhere 
is rernarkable: for example, larvae of several species 
can settle on objects such as vessels moving at  25 km/hr 
(Dalley and Crisp 198 1 ). 

Since barnacles are suspension-feeders, a wide variety 
of environments are suitable from the standpoint of 
food availability, so long as sufficient plankton is pres- 
ent. On the other hand, since the choice of substrate is 
permanent, once a larva settles. a poor locatlon will 
affect adult survival and reproduction. The planktonic 
Ia'rvae of intertidal barnacles exhibit very specific depth 
and substrate preferences for settling, probably because 
small vertical distances in an intertidal area may result 
in exposure t o  radically different physical and biological 
conditions. Conversely, some subtidal barnacles show 
quite broad depth and substrate preferences (Hurley 
1973b). 



Most free-living l>arnt~cles are htirrilapliroditii :ind 
reproduce by cross-fertilizatio~i with adjacent indi- 
viduals. Settlenient is typically gregarious. favoring 
tlie development of  large masses of  barnacles in the  
same location (Knight-Jones 1953). The fecundity of 
those species of 13Nl(zrlris which have been examined 
for reproductive potential is truly impressive, ensuring 
a very large number  of  planktonic larvae t l i i~t  can sett le 
on any  suitable substrate. For  cxaniple, Brrlor~rts pczc'i- 
/i'i~rs has been estirr~ated to protlucc 15.000 embryos  per 
I m o d  for the  first year after maturity.  and averages 18 
broods per year. fo r  an  arinual total o f  430.000 riaul)lii 
(I-iurley 19730).  Attainriient of  sexual niatttrity is rapid 
in many species of Ba1rrltc.s; e.g., R. tir~rir~~ruhrcltcttr 
culi/i)rnicus is often sext~ally mature a t  an  age of 9 t o  
12 weeks (Coe arid Allen 1937)  ; ~ n d  N. c~hur~rrzcs is 
sexually [nature at 8 weeks (Moorc and Frue  195!1). 

Tile biomass dominants  in t h e  Coastal ?one o f  Louisiana 
are unstalked barnacles of t he  genus Bulunzcs. George 
and Thomas (1979)  reported that in tlie 0 6 1  study. a 
shallow platform (2 .4-3  ni water depth)  in 'l'irnbalier 
Hay harbored 00.401, b ;~rn; ic les /m~.  011 several o ther  
deeper water platforrns, barnacle dc~isit ies ranged f rom 
900-12,250/n2 in  water less than 9.1 ni deep,  helow 
wlucli densities dropped rapidly. The t w o  Coastal 
platforms included in the Central (;ulf Platforrn Stuciy 
averaged 6 ,75  1 b : ~ r n a c l e s / ~ n ~  (<;allaw:ly et ; t l .  198 l b).  

Of particular interest is the  observation l)y (ieorge ant1 
'l'homas (1979)  that tlie most ;r l>u~id;~nt species o f  
barnacle, Bulonrr.s rrtic~trlurtrs, had not been rt:corderl in 
the Gulf of Mexico before t h e  OEI study. In light o f  
current shipping traffic hetween oil ports. tl.ansport 
of this barnacle by vessels and recent introduction secrn 
intriguing possibilities. Ra1unu.s r(~ticu1utu.s has been 
re-identified as a st~bspecies of' Bulunus urnphitrite, 
B. urnphitrite nivrus (Callaway ct al. 198 1 h). l'lalunus 
umpliitrite is a cosmopolitan species known to be a 
biomass dominant in shallow water ( t o  3 nI o n  offshore 
pctroleuni platforms in the  Gulf of Arabia, Basson 
et al. 1977).  The nunierous subspecies of B. u~nphitrire 
have varying ranges of  salinity tolerance (IIenry 195"). 

Bulartus umphitritc~ tliveus is a widespread subspecies 
soniewhat restricted t o  warrner &as. Buluntcs amphitrite 
niveus was found  a t  all depths  and stations in the  OEI 
study. It settled seasonally fro111 May t o  December, b u t  
was rare in January and during the spring (George and  
Thomas 1979) .  It has  been reported not  t o  be tolerant 
of low salinities and not t o  occur  cotnl~lonly  in estuaries 
(Moore and Frue 1959).  Bulutzus urnphitrite rziveu.s 
does range in to  fairly shallow water, as it was the  most 

coriiliion inshore fouling organis111 (over 60 ,000  indi- 
v i ( l t~a l s /~ i~ ' )  011 a platform examined by the OEI in less 
than 3 m of  water iri 'Tiriibalier Bay. Louisiana. where 
salinity ranged froril 10-28 ppt  typically (George and  
T l i o ~ i ~ a s  1979) .  111 tlie Central Gulf Platfor111 Study.  
C:alluway e t  31. (1981h)  conimented that B. umphitrite 
rlivtarrs was "predominantly an  inshore species, although 
it [lid occur offshore where it was ~nost!y restricted t o  
the  surface." 

'T'lie second most conimon species o f  B(11urlus o n  tile t w o  
Coastal platfornrs of the Centrnl Gulf Pliitforni Study 
w:is BNI~JIILIS ~ R I ~ T O V ~ S I I S .  a finding which concurs with 
the  OEI work off Tinibalier Bay. George and  Thomas 
(Ic)79) reported that  B. itnprovisus was "present a t  
311 stations, b ~ t t  restricted t o  the uppe r  9.1 111 o n  the  
pilings." George and Thonias (1  9 7 9 )  noticed tha t  
8. itriprovisus was nearly always found  on  the  shells 
o f  B. umphitrire nilreus rather than on  t h e  platform 
surfaces themselves. They hypothesized that  it was  
conipctitively inferior t o  Bukunus umphitrite niverrs. 
Balurzus itr~provisus settled and  grew as a dominant  in 
January and March 11otwithst;tnding evidence t h a t  
breeding was year-roulid. thus  implying s ~ ~ c c e s s f u l  
sett lement might he  restricted by competit ion wi th  
11. urttphitritc jzivetts in o the r  mon ths  (recall tha t  B. 
urtlpl~itrife rliveus settles between May and December). 
(;allaway e t  al. (1981 b) c a t e g o r i ~ e d  B. improvisus as 
"basically an  inshore species." although it has wide 
thcrrnal and osmotic tolerance (Moore and Frue  1959 ,  
Bousfield 1973  1. The distributions o f  bo th  B. nmplzitrite 
nivcus and B. improvi.rus are basically qui te  similar. 

. . I w o  other  species of Bulunus, B. ehurneus and 6 .  
tintinnuhulum, were uncomtnon o n  p la t fo r~ns  in t h e  
OEI study area, and were also sparse (as was an addi- 
tional species. B. culidus) a t  t he  nearshore Central Gulf 
Platform Study sites. On a world-wide basis, however, 
Bulunus tintinnahulutn is broadly distributed in warmer 
waters. For instance, it is the  biomass dominant o n  
pelroleurri platfornls in the  Gulf o f  Arabia (Basson 
et  al. 1977). 

Barnacles were "the most abundant  perennial inhabi- 
tants" of tlie BGOF platforrns in 'Texas waters (Fother- 
inghani 1981).  Bulunus rirztinnubulum was "the most 
conspicuous structural feature of t h e  Buccaneer Field 
fouling community" ((;allaway et al. 198 1 a). Bulunus 
tintinnuhulum was previously considered an incidentai 
species on Texas offshore oil  field structures (Gun te r  
and Geyer 1955).  bu t  it occupied as much  as 77% of  
the original substrate 011 BGOF structures,  forming a 
layer 10-15 cni thick (Fotheringham 1981 ). 



Competitive interactions (either direct or  indirect) 
tnay play a n  important  role in community dytlatnics 
of barnacles. Despite the clear dominance of Balutzus 
tirztint~abulum as a cornpetitor on the  BGOF platforms, 
its success may not be due t o  superior settlement charac- 
teristics. Fothcringham (1981)  observed that in experi- 
t n e ~ ~ t a l l y  scraped quadrats,  Bulunus irnpravisus and 
Ralutius (urnphitrite complex) were the  rnost important 
barnacle colonists, bu t  that barnacle larvae in the plank- 
ion and colonists in scrilpetf areas were uncommon,  
implying an  unprcdictahle annual set .  Gallaway (1980)  
reported that B. t i ~ r t i r r ~ ~ u h u l u n ~  could settle upon and 
overgrow smaller barnacles clue t o  a combination of 
rapid growth and large eventual size. A similar role has 
heen tlcirlonstrated for  Balur~us bolunoides, which can 
smother,  untlercut, o r  crush the h;irnacle C lz~hur~~u lus  
((:onncll 1 O(> 1 1. .Fhe introtluclion of non-local species 
tilay lrave drastic rcsults; e.g., itnportitlg the barnacle 
Ii lmii~ius rtrodcstrrs lo European coirsts resulted in the  
nc3irrreplacemcn1 of' t hc II;II ive form,  Uulor~zrs it?~provisus, 
in sonlc Iri~l>ilats ( i l ishop 1 0 5  1 ,  K;rcstner 1 q59,  Boland 
1080) .  

General conclusitrns wllich can t)c rcachcd about bar- 
naclcs on plrrtforn~s it1 the northwestern Gulf ot' Mexico 
include: 

1 .  O n  ('oastal p l a l f ~ r ~ n ~  11% Lou~\ tand,  
tllc dollllrldllt 1>1010111111g olgL1lll\lll\ 
'ire HCI~CIIIIIJ u t t ~ ~ ~ I i ~ t r t l e  rtr i~tJu~ (=U. 
r ~ ' t 1 ~ ~ 1 u t u s )  ( d  \pcctcs W I I I C I I  Ilds 
tecrntly t n ~ t c , ~ \ c d  in d b ~ t I d , i t l ~ ~  In 
thc  (iu11 r ) t  Mcxtco) and H. ltnprci- 
vr~us. 1 h c ~  lwo  spccic\ accountcd 
lo r  111ost hrorl~ass dl1 the wdy down 
~ ~ l d t ~ < > l l l l  leg\ l o  llcdl the i~0tt~>l11, 
Hulurrtdr rt~tprovi, \u~ ~ c t t l z s  on tire 
\licll\ O t  R. (ll)t/)/?l/lll~' t111JC116, dlld 
was rr~o\l  ~ ~ I C ~ ~ S S I L I I  ;i\ ,I co1011141 in 
winlet ant1 lxdrly spttng. dtter which 
13. (at?~pl?irrltc I I I I ~ L ~ ~ I \  W A  d inole 
s u c ~ r s ~ f u l  4cttlcr. 

2. O n  C od\ t ,~ l  pldlfortrls tn 1 cx,~s,  
IZulur?ur ti~rrrt~nuhuIurr1 15 the  t~~urnds .  
r lo i l \~ t~ ,~n t .  gr<)wlng tdprtlly and ovcr ,i 
long pmtod ul t~n te ,  thll\, o~ i t co tn -  
peting or her I>drtld~lc\ ~ I I C I I  '1s 

B. 1tnj9rc)aj1~1i~ w h1c11 rct ti? tllort 
reddily t)iit die overgrow11 by B 
r~nr t r~~ iuhu lu in  

3 .  Hdrnades drc rcldrivcty unlmpottdnt 
on Offshore ctr Blucwdter pIdtforlII5. 

Bivalves (Plates 4 a  and b) 

Bivalves are a large group (20,000 species) of two-  
shelled molluscs comprising a number  of unat tached 
forms such as burrowing clams which live in soft  sedi- 
ment o r  in holes bored in rock o r  wood ;  surface-dwelling 
species such as scallops which live o n  sandy o r  muddy  
bottoms; and various sessile species which frequently 
attach to  petroleum platforms (Barnes 1980). Attached 
forrns such as oysters and mussels which live o n  solid 
substrates are anchored either by cementing o n e  shell 
("valve") t o  the  substrate or  by using adhesive threads. 
Sessile species filter t he  surrounding water through thei r  
gills for  plankton. Most bivalves reproduce by  releasing 
gametes, which fuse and develop in to  planktonic larvae 
that drift until they find a suitable location fo r  attach- 
ment. 

Attached bivalves have been particularly useful fo r  
studies of t he  effects o f  pollutants o n  marine organisms 
due t o  their relatively long lifespan (of ten  a number  of 
years), economic value (e.g., oysters), broad geographic 
distribution, and sessile life habit  which requires them 
either t o  tolerate a toxicant o r  t o  die since they  cannot 
tnigrate away (Cunningham 1979). Since bivalves filter 
large volumes of water to extract food, respire, and 
eliminate tiletabolic wastes, low concentrations o f  
pollutants in the  water may become concentrated within 
bivalve tissues; e.g., one  Crassostreo virginica may filter 
30-40 1 of seawaterlhr o r  26-34 m31yr. 

In some coastal waters, bivalves are the  overwhelming 
biomass dominant o n  platforms. F o r  example,  o n  a 
platforrn in California, Wolfson et  al. (1979)  found 
~nussels (Mjjtilus culifbrniunus and M. edulis) up  t o  
1 5  ctn long at  densities which averaged 0 .13 m3 of 
mussels per 1x1' of platform surface. 

The OEl investigators did no t  report  significant bivalve 
biomass on  the platforms near Timbalier Bay. T h e  
oysters Crassostreu virgirzicu and Ostrea eyuestris were 
described as rarc, primarily located from 0-3 m and  
7.6-10.7 rn depth. respectively, o n  two pla t for~ns .  
Citing earlier work by Gunter  and Geyer (1955) ,  George 
and Thomas (1979)  affirmed that all molluscs in the  
fouling assemblages appeared t o  be rare. 

111 dtrect contrast t o  this conclusion, Gallaway et  al. 
(1 981b)  noted that btvalves were common o n  the  
deeper portions of  t he  Coastal platforms of Louis~ana.  
The most abundant  bivalves were three species of  
oysters (Ostracea), whose densities ranged f rom 496-  
576/m2 at a depth of  10 In o n  t w o  platforms. Oysters 



were the  dominant taxon on one platform leg adjacent 
to a discharge of produced water, indicating a tolerance 
to some pollutants. The oysters collected in the  Central 
Gulf Platform Study included a con~plex of four  species 
which were not possible to  identify separately with any 
certainty in the  field due to  the use of photographic 
techniques and taxonomic difficulties in t h e  group: 
Crassostrea virginica, Ostrea equestris, Lopha frons 
(= L. folium), and Hyotissa thomasi. Discrete collec- 
tions did permit a qualitative determination of relative 
proportions of each species at  the platforms, however. 
The most abundant species o n  the nearshore platforms 
were Crassostrea virginica and Ostrea equestris. Crassos- 
trea virginica, the common commercial oyster of t h e  
east coast of North America, is not ordinarily abundant 
seaward of the coastal bays, but was found at the  
Coastal platforms in sizes up t o  10 cm in length. Ostrea 
equestris, the  horse oyster, is a normal inhabitant 
of shallow Gulf of Mexico waters and occasionally 
invades bays. Larger individuals (to 2.5 c n ~  long) were 
seen on  the platforms than are comnionly found in bays. 
Another common bivalve was Chama macerophylla, t h e  
leafy jewel box, a Gulf of  Mexico and Caribbean species 
comn~only reported from depths of 1-30 m (Abbott 
1968). 

In the BGOF study of platforms in Texas waters, 
Fotheringham (1 98 1 ) observed that Ostrea equestris 
occupied 32% of the available space in photographs 
taken on one platform at  a depth of 6 m in November 
1976, but was absent from other  samples taken at  the  
same time. Oddly, January 1977 samples showed n o  
significant space taken by oysters at any depth, though 
Ostrea equestris was described as "common" in summer 
samples. Since these bivalves are large and their shells 
would be expected t o  persist even when the occupant 
had died, the seasonal differences probably were due t o  
sampling variability rather than to an actual change in 
abundance of visible shells. Other bivalves described by  
Fotheringham as "common" or  "abundant" at  BGOF 
included the arc shell Anadara transversa, depth 3-1 2 In; 
Chama macerophylla and the pholad boring clam Diplo- 
thyra smithyi, depth 21.5 m ;  and t h e  bicolored tree 
oyster, Isognomon bicolor, from the surface t o  a depth 
of 12 n ~ .  Isognomon bicolor is a warm tropical species 
found in the Gulf of Mexico and Caribbean (Abbott 
1968, Andrews 1977). Andrews reported that  Isogno- 
tnon occurs in "clusters on  rocks in inlet-influenced 
areas." 

On the two Offshore platforms investigated by Gallaway 
et al. (1981b) in the Central Gulf Platform Study, 
bivalves replaced barnacles (the inshore dominant) as 
the most important group of organisms in terms of  

biomass. Bivalves were responsible for between 65% and 
>99% of the wet weight biomass down t o  a depth of 
3 0  m, the greatest sampling depth. Isognomon domi- 
nated the  1 m sample biomass (wet weight 3,168 g/m2) 
on  the shallower of the two platforms and was replaced 
by oysters in 10 m and 20 m samples (wet weights 
3,067 g/m2 and 17,695 .g/rn2, respectively). Hyorissa 
thomasi was the most abundant, largest oyster (over 
10 cm)  and was previously reported in the  western 
Gulf of  Mexico only from reefs at  the margin of the 
continental shelf. Chama macerophylla was also impor- 
tant o n  that platform, ranging in wet weight from 
608-1,093 g/m2 at depths of 1-20 m. On the other 
platform, Chama was the most important organism at  
all depths, decreasing in wet weight from 4,357 g/m2 
a t  1 In to  167 g/m2 a t  3 0  m. The mossy arc shell, 
Arca imbricata, was also common in shallow samples 
collected at  1-10 m (53-1,168 g/m2). Arca is a common 
clam in moderately shallow water ranging from North 
Carolina to  the  Culf of Mexico and the Caribbean 
(Abbott 1968, Andrews 1977). It requires a firm sub- 
strate for attachment and has been referred t o  as a 
"byssate epifaunal nester" (Andrews 1977). 

Major conclusions which can be reached about bivalves 
o n  platforms in the northwestern Gulf include: 

1. Coastal platforms in Louisiana waters 
d o  not harbor high bivalve biomass at  
shallow depths, bu t  deeper portions 
of platforms may shelter large num- 
bers of oysters. 

2. Oysters and other bivalves are 
common on  Coastal platforms in 
Texas waters. 

3. On Offshore Louisiana platforms, 
bivalves (especially tree oysters and 
leafy jewel boxes) replace barnacles 
as the  biomass dominant. 

4. At least four species of oysters are 
found on Culf of Mexico platforms. 

Hydroids (Plate I b) 

Hydroids are small organisms having a polyp-like body 
consisting of a hollow tube and a combination mouth 
and anus surrounded by tentacles. The tentacles are 
armed with stinging cells capable of entangling and 
injecting enzymes and toxins into prey. Hydroids d o  
not filter water, but selectively remove small suspended 
or planktonic organisms w h ~ c h  come in contact with 
the tentacles. Hydroids may be e ~ t h e r  solltary (resern- 
bling anemones) or colonial, growing into large, fluffy 
masses of the interconnected polyps. 



Hydroids are comnion components of biofouling com- 
munlties and often support their own associated flora 
and fauna. For example, the ostrich-plume hydroid, 
Aglaophenia pinquis, forms a habitat for the caprellid 
amphiod Caprella equilibra, offering shelter and food 
such as rnicroscopic plants which grow on the hydroid. 
In turn, the caprellids keep the hydroids from becoming 
overgrown by their own fouling species (Dundon 1973). 
Iiydroids have complicated reproductive cycles, and 
can spread by division and colony growth as well as 
by settling as larvae on exposed surfaces. Although 
some hydroids do form thin external support structures 
("thecae"), the amount of material invested in con- 
struction of these structures is small relative to  that 
produced by a barnacle o r  bivalve. As a result, hydroids 
are capable of rapid. striking changes in biomass as they 
"bloom" and die back, leaving little evidence of their 
former abundance. 

lfydroids were an important component of the fouling 
nlat on the inshore Louisiana OEI platforms. Most of 
the biomass was conrprised of barnacles and hydroids. 
Although the absolute abundance of hydroids decreased 
with depth, their relative importance increased as other 
species dropped out .  The shallower samples had large 
 number^ of the hydroid Syncorne, while deeper samples 
lnclt~ded the hydroid Bougainvillla t~ntzcllu. The investi- 
gators found that "hydroids dominate the outer covering 
of the barnacles below 7.5 m. . . [ a n d ]  the fouling fauna 
is coniplctely dominated by hydroids from 12.2 m to  
the bottom" (George and Thonlas 1979). 

Hydroitis were patchy but extremely abundant in some 
spots on the four Lou~siana platforms investigated 
quantitatively tn the Central Gulf Platform Study 
(Czallaway et al. 1981 b). Twelve species were reported. 
'The hydroids on the two Coastal platforms occupied 
about 2 3 5 ~ 4 3 %  cover (based on colonial forms only) 
in samples from the surface to  a depth of 10 nl. On 
one of the two Offshore platforms farther from shore, 
trydrotd distribution was bimodal, with cover exceeding 
9076 at the  surface and at 30 m,  and a lower value 
(I  1%) at an intermediate depth, 20 m.  On the other 
Offshore platform hydroids were relatively less abun- 
dant,  ranglng from 3%) at  3 0  m t o  25% at  the surface. 
The species coniposition varied greatly from one plat- 
form t o  the next, and at  different depths within plat- 
forms. C o n ~ ~ n o n  taxa included Ohelia dzchotoma, 
Turritopsis nutricula, Eudcndrium carneum, Sertularza 
turbinatu, and Clytia spp. 

In the Texas Coastal zone, hydroids were an Important 
component of the mat of sponges, bryozoans, and plants 
which covered barnacles at RGOF (Fotheringham 
1981) Nine species of hydroids were ~ d e n t ~ f i e d .  Their 

abundance was quite variable in time and space. For 
example, hydroids as a group accounted for  93%-98% 
cover at depths of 6-9 m and were absent below those 
depths in photographic samples taken on one  platform 
in November 1976. Two months later, hydroids had 
spread downward t o  the bottom of the platform; per- 
centage cover over the entire depth range was not less 
than 65%. Temporal changes were also quite evident at 
the species level. Syncorne eximia was described as 
"abundant" at  both platforms in the winter in the 
littoral zone but absent from other depths, and absent at 
any depth in the summer. Two species of Ohelia were 
common only on one platform in the littoral zone and 
during both seasons. Turritopsis nutricula was abundant 
o r  common over the depth range from the surface t o  
the bottom on  both platforms, but only in the  summer. 
Tubularia crocea was common only on one platform, 
where it bloomed in the littoral and 6-9 m depth ranges 
in the winter (Fotheringham 198 1). Gallaway (1 980)  
also described a winter bloom and summer reduction 
of Tuhularia crocea at  BGOF, and noted that hydroid 
stalks were an important food for Atlantic spadefish 
during the spring decay. 

Hydroids made effective use of experimentally bared 
substrate in the BGOF study, settling early and over- 
growing other settlers such as sponges (Fotheringham 
198 1 ). Variability in percentage cover between quadrats 
was high. Quadrats which were caged to exclude preda- 
tors at the time of scraping typically had lower percent- 
ages of hyrdoid cover. 

General conclusions about hydroids on northwestern 
Gulf of Mexico platforms include: 

1. Hydroids are patchy but extremely 
abundant in spots o n  Coastal and 
Offshore Louisiana and Texas plat- 
forms. They are the dominant 
species in many near-bottom samples 
but are often most abundant (on a 
weight basis) near the surface as 
conlponents of the mat community. 

2. Hydroids are effective, rapid colo- 
nizers of bared substrate and are 
capable of overgrowing competitors. 

Anemones, Stony Corals and Octocorals (Plates 5a, b, c, 
and d )  

Anemones. stony corals and octocorals are members 
of the same phylum (Cnidaria) as hydroids and share 
many of the same characteristics such as a hollow 
polyp-like body, tentacles armed with stinging cells, and 
either solitary or colonial growth patterns. 



Anemones niay grow as solitary individuals o r  in clus- 
ters, but,  unlike s tony corals o r  octocorals. are not 
interconnected internally if found in groups. Anemones 
reproduce bo th  sexually and asexually, either releasing 
planktonic larvae. dividing by fission, o r  budding t o  
form t w o  o r  more  new individuals. Consequently. I;lrgt. 
masses of identical anernones often develop; individuals 
within t.hese rnasses. o r  clones. are genetically the  satlie 
if formed asexually (Francis 1973). Anemones 1li:ly 
move in to  an  area by  settlcriient and growth of larvae, 
or  by fission o r  budding and cluster expansion, o r  by 
physically creeping along the substrate. 

Living anenrones, s tony cor;lls. and octocorals have a 
mucus-covered epidermis that  inhlbits t he  growth of 
epifauna o n  their surfaces, though crevices o r  o the r  
spaces between living tissuc ]nay harbor small   no tile 
epifauna. A sheet of  anemones tilay, therefore, be  
considered (from a biomass standpoint)  t o  be almost 
cxdusivel y anemones. 

Stony corals secrete solid skeletons of  fused calciii~ii 
carbonate crystals. The  group includes those colonial. 
herniatypic species whose skeletons make u p  niassive 
coral reefs, as well as nunlerous s~nal ler  aherrnatypic 
species whose skeletons are usually only a few centi-  
meters in size. Hertilatypic corals in shallow water (i.e., 
less than 100 111 deep)  typically shelter symbiotic uni- 
cellular algae (~zooxant1iell;le) which give the  living tissue 
a brownish-grecn color. The zooxanthellae utilize sun- 
light and the  waste products o f  t he  animal por t ion of  t h e  
coral t o  photosynthesize nletabolic compounds  which 
are in turn used by the  coral for  i ts  growth and t o  aid 
i n  the  rate of  skeleton fomlation. Hermatypic corals 
usually grow best, therefore, in clear water where 
light levels are  high, and  are, by and large, a fully tropi- 
cal group of  organisms. The only active coral reefs in 
the northern Gulf of Mexico are those o n  the  off -  
shore banks in shallow, warm blue water (Bright and  
I'equegnat 1974). Ahermatypic corals which d o  no t  
typically have zooxanthellae rarely form massive reefs, 
and often are  found in deep water at  lower temperatures 
(e.g., Gerrodette I 98 I ). 

Octocorals d o  not usually secrete fused skeletons, bu t  
contain large n u ~ n b e r s  of unfused, small calcareous 
spicules in their  tissues. They differ from s tony  corals 
and anemones largely in having eight pinnate tentacles 
around the  mouth of  each polyp. The  group includes 
the familiar sea fans, which have a supporting, flexible 
skeleton of proteinaceous material; t h e  spectacular soft  
corals of t h e  Indo-Pacific, which form colorful, enor- 
mous colonies several meters high; t h e  soft ,  fleshy sea 
pens and sea pansies found in unconsolidated sediment;  
and a variety of smaller colonial forms. 

Both ror:ils anti octocorals reproduce :iscxuallp by 
formation of ncw polyps at colony n~argins.  and sexu- 
i~llp,  releasing either g:ttiletes o r  brooded larvae in to  t h e  
water. 1,arv;lI dispersal in the field has been described fo r  
only a few cor:~ls, and may be very restricted (Ostarello 
1073. Gerrodette 198  1 ). Co~lseque~ i t ly .  since those 
species present on  p l a t fo r~us  nlay he assunled t o  have 
travelled for solile tinle and distance from the  nearest 
breeding adults, inhabitants would he expected to  be 
rather cosmopolitan species with widesprcrid larvae. 

As a group, anenlones, stony corals, and octocorals tend 
to  be difficult t o  identify o n  the basis of  external 
characters. Although spicule ~norphology is diagnostic 
in octocorals, spicules vary in  size and shape within 
individual coloriies and from o n e  geographic area t o  the  
nes t .  f2ne1nones have n o  spicules, arid 1111ist be sectioned 
for s tudy of internal septa aridlor n e ~ i ~ a t o c y s t s  f o r  
definitive identification. Stony corals are identified by 
skeletal structure,  which requires dissolving the  living 
tissue; variation is rife within species growing in different 
environnients of  light, depth.  o r  geographic area. Conse- 
quently,  identification of animals within these three 
groups is frequently tentative, with subsequent nalnt* 
changes not a t  all uncomliion (e.g., L ing  1973).  ('om- 
parisons of  studies of  petroleurn pl ;~t forr i~s  have been 
hampered by such problen~s .  

On the  Coastal Louisiana platfor~tis studied in  the  OEI 
hy George and Thomas (1979) ,  anernones dominated 
the mat  conitnunity from a depth of  abou t  2-6 111. 
Densities sornetinles exceeded 5 ,000 individuals/nr2. 
Neither stony corals nor octocorals were reported. 
Anemones were a corllpo~ient of the settling communi ty  
that colonized exper in~enta l  test panels, accounting for  
up t o  about 10% of the total  hioniass on  some panels, 
and were rnost abundant o n  panels suspended below a 
depth of 5.5 nl. In previous work, ( iunter and (;eyer 
(1955)  also described two  species of anemones a s  
"abundant" off the Louisiana coast (from George and  
Thomas 1979): Ant/zoplcurcl krebsi and  Aiptusiu pullidu, 
specifying an o p t i ~ n u n i  depth  for Aiptasiu of 0.6-5.2 In 
and for Anthop/euru of 9.5-14 In. (;unter and (;eyer also 
noteti the presence of  a stony ahernlatypic coral, Astrui~-  
giu astcrilbrmis, a t  an  optinlurn depth o f  9.1 nl. 

'lhe Central (;ull Plattorn) Study grouped all anertiones 
together ((;allaway e t  al. 198 1 b) 7 hey were an Impor- 
tant community cornponetit, especially on o n e  of the  
two Coastal platforms, where they accounted for  58'5,- 
81 7% of  the total  number  of  ~ n d l v ~ d u a l s j r n ~  On one  of 
the t w o  Offshore platforms, they were rrrost corrlmon a t  
a depth of 10 n1 (575% of  the  total indlvid~ials), while 
they were most abundant  at  3 0  III on  the  o ther  platfortn 
( 12% of the to ta l  indiv~dual\) .  



One octcrcoral w a ' ~  rr;ognt/ccf In t he  ('entral (;till Plat- 
form Study. the rdthcr prirn~trvc fwrn Tcolesto \p. 
(prcrhahlp T, r t r , t c ~ ) ,  d low-prof~le cnrsrusting $pecre5 
found prlnrarlly o n  hcwtrontal nlernhcr\ at 2 0  rri on  tlre 
Offshorc platfomr\ 'li.lerfo r \  a rrterrlher o f  a \mail group 
o f  r ) ~ t o c o r ~ l \  (only threc grrtera) w ~ t t r  only one  spects< 
( T  r t r~r t  dc\c.rtltctl .a\ ,I \~griilrcant tnex~iher of foulrng 
contmunttrc% ( W ~ y c r  1 %  l j I"hcy arc r.or~~rnottly fotrnil 
JII vaxrou\ w ~ t c r  dt.pth\. 7' rri.trl 15 w~de\predd through- 
ou t  t h r  ( ' ~ r ihhcdn  frt3111 I ~ l o r ~ c i ~  t o  f l r ~ r t l  , ~n t l  t r ,  ,t depth  
o l  '~htrtrt hO 11) 

Scvcri~l s i t r c~c \  01 \r~tall , ~ t t e r r ~ i , t t y p ~ ~  \tony caor,~l\ wcrs  
fount1 oz~~u.crr~nally o n  l~l.rtforrtr+, tn the C'cntt;il <;ulJ 
I'latiorrn Study,  lnt ltttltng A ~t r r t t t~ td  \p,. I'ir vllangta 
c~trrc~rrr.r~nrt, ant1 Ot~~llttct t l t j jus~~ More r c~e t r t  t ; t x ~ n c ~ ~ i ~ i c  
.ifldly\t\ haa \ u ~ ~ % l c t l .  however. Itla( . 4 r l r~rr9~1c1  dntl 0. 
<lr/frr,vu ro l l rc t rd  c ~ n  tltc plalforrtlr 111:ty he the \:tine 

q t c ~ r r \  (0 dtf{trsd),  til~plyrng 1h:it t h r  ttrritl ~clc~ttrfted fly 
t ;tvtrgcs ,iod J I;orti:j\ ( 1 ~ ~ 7 0  1 ,I \  /I. ti.\ft*tr/~artrtt~ I I I : I ~  J I \O  
bs  0 i l f f f i r . c ~ r  ( t ;  11 ilrtrri~s. 111, I ( ;I  , fli+~rtindl ~.01111111111- 
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I hc t c i i l o w i r i p  .$re gc!nt,r,tl c ibrti lu\~cwt\ dl)rtlik ,inei;ionc$. 
\torty coral\, dliti I ) \  t t * ~ o r d I ' r  C W ~  pl.ttlor171\ 111 the  r~trrth 
wc\trrn (~tt lf  x>t Mcsxicc~ 

I .  Anemones are impor tant  organisms, 
especially o n  coastal Louisiana and  
'Texas platforms. They tend t o  forni 
distinct bands o r  zones at  specific 
depths.  especially toward the  bot -  
tom.  They are capable of rapid 
settierrlent o n  bared substrate.  

2. Stony corztls and octocorals are 
conspicuous but numerically uniru- 
portant o n  Gulf o f  Mexico platforms. 

Bryozoans (Plates 6a and b) 

B r y o ~ o a n s ,  also known as cctoprocts,  are sessile colonial 
aninlals which produce elaborate external skeletons lo 
house the srllall individuals making u p  a colony. Most o f  
thc 4 ,000  species of b r y o ~ o a n s  are found in shiillow 
rnarirre environntents attached t o  solid substrates, plants. 
o r  o ther  aninlals (Barnes 1980). Their  trsllal growth 
forrtts are either encrusting (forming thin sheets)  o r  
crect (forming surnewhat flesihile bush-like growths).  
'I'hcy are filter-feeders. relying on suspended niaterial 
such as plankton for nutrition. Most rnarine b r y o ~ o a n s  
:rrc I ~ c r ~ ~ i a p h r o d i t i c  and brood their eggs. klernlaphrodi- 
tisttt is colnrtton in sexually-reproducir~g fouling organ- 
is~rls wkich rely upon rapid reproduction l o  propagate 
before the arrival of o ther  colorrists o r  superior colnpeti- 
tors. 

Urporoans were prewnt bt? dpparently not particularly 
~thttritiant o n  Lourstana Coastal platfornls durrng the  OEl 
a11t1 car l~er  studies ( (h in ter  and <;eyer 1955. George and  
I ho~tl,r\ 19791 i>enslt~cs given by George and I homa\  

I lL479) rallged f r o n ~  1 1-20 g/1112, and only three specie5 
( Bu~rr l t  t ~ ~ ~ r ~ r r ~ t a .  hlrrnOrattipc~ra rp . and Ac'ottthotlestu 
\p ) wcre l d e n t ~ l ~ e d  kIowever, bryoroans  were conlrnon 
on sellhng plates suspended II? t he  water to collect 
1 oultny orgdnirnis; after  6 0  days' expowre .  B t ~ g l ~ l a  
rrLrrrtttu o ~ c u p i e d  'in average of 20'; of t h e  ava~ldhlc 
\l' ,iC c 

l irr  ('cntrdl (;111l Pl:rtlor~li S t ~ r d y  found hryozoans t o  
I7c c ju~tc  itrlptrrta~lt o n  1,ouls:ana pldtforrns (Gdllaway 
C I  J I  i t ) H  111) rwent)-three specttAs ot bryo7oans were 
r c i o g n t ~ c d  troxrl the lour  p l a t fo r~n \  1t1 t h e  s tudy.  Four  ot 
Ihr  nltle 11i<)\t dbullddnt c o l o n ~ a l  taua were bryozoans 
i j~tgula t t r t t t l t t u  was rno\t ~ornrr lon  o n  Off5hore plat- 
tornis. hut did well a d ~ a c e n t  t o  produced water 
~ I \ c ~ K . I I ~ ~ ~  Arv~~rr l l la  setlgcra and f'urusirtrrt~tru sparhlr- 
I~t ' r ' z  were prunarily i n s h o ~ c  species. while (?isla cburnea 
was nlost dbund.int farther oftahnre Cln the t w o  Cnactal 
pldlforrn~. b r y o r o a n ~  accounted for 32';-78% of avail- 
able tuber. On the t w o  Offshore plat forms. bryozoans 
\aili-d iildrked/> fronl one  sdrnple to the  next ,  but  
coberagc was 111gliest 111 t h e  10-20 m dep th  range 
(cs6;-ss(;) 



gine species o f  bryozoans were identified at  BGOF 
Fotheringham 198 1). Pronounced differences between 
,latforms were evident, with one platform evidently 
nuch more suitable as bryozoan habitat than the  other. 
Qearly all of the  species were most abundant in the  
ummer, e.g., Bugula neritina, B. rylandi, Savingnvella 
afonti, Schizoporella errata, and A etea anguina. This 
lbservation is in direct contrast with findings of Galla- 
way (1980) that  bryozoans (and, in particular, Bugula 
zeritina) bloomed in the  winter, declined in t h e  spring, 
~ n d  were at low levels in summer and fall. 

;enera1 conclusions about bryozoans on  northwestern 
;ulf of Mexico Platforms are: 

1. Bryozoans are patchy in appearance 
from one location and from one 
sampling period t o  the next o n  
Coastal and Offshore Louisiana plat- 
forms. When present, they are often 
extremely abundant. 

2. Bryozoans are common on  Coastal 
Texas platforms during late fall 
and early winter, but are subject t o  
a considerable dieback in warmer 
months. The timing of this dieback 
may vary annually, since present 
data are contradictory. 

Motile Epifaunal Invertebrates (Plates 7a, b, c, and d )  

I'he sessile components of the fouling community 
~rovide shelter for many small, motile or semi-motile 
tnimals living o n  or  within the surfaces of other orga- 
iisms, o r  in crevices and similar refuges. The motile 
ipecies depend upon the sessile species for protection 
'rom predators, refuge from water motion, support 
'or tubes and other dwelling places, locations fo r  detri- 
us and other food t o  settle, and for other nutritional 
'equirements. The invertebrates utilizing the fouling 
:ommunity range in size from microscopic unicellular 
Irganisms to large worms, amphipods, crabs and other 
:rustaceans. Space does not permit a detailed treatment 
)f each group. Several selected taxa are discussed herein. 
Readers are referred t o  Barnes (1980) for general de- 
$criptions of each group. 

n studies of the Louisiana Coastal platforms, Gunter 
tnd Geyer (1955, from George and Thomas 1979) 
iescribed only one species of motile invertebrate as 
'abundant": the  amphipod Corophium. Corophium 
s a crustacean which constructs tubes made of sediment 
Ind other particulate material cemented together by 

glandular secretions. Most Corophiids eat detritus 
by scraping it from the  substrate with long antennae 
(Bousfield 1973). 

High densities (e.g., 35,880/m2) were reported for 
amphipods on  Louisiana Coastal platforms by the OEI 
investigators; highest densities were reported for samples 
near the surface (George and Thomas 1979). Several 
species of amphipods dominated the motile epifauna 
samples: Corophium ucherusicum, Srenothoe sp. and 
Caprella sp. Stenothoe is a member of a family known 
for associations with hydroids (Gosner 1971), and the  
relationship between Caprella and hydroids has been 
described earlier. Corophium and Stenothoe dominated 
in summer, but  were replaced by Caprella and others 
in the winter. Corophium acherusicuin is "virtually 
cosmopolitan in  warm temperate coastal waters . . . in 
shallows, in protected and estuarine situations, in 
somewhat reduced salinities" (Bousfield 1973). George 
and Thomas (1979) observed the  highest densities of  
Corophium in the  upper 3 m ,  declining with depth; 
Caprella sp. showed a n  inverse of that pattern. Although 
George and Thomas (1979) believed the two species 
were therefore competitors for either food o r  habitat, 
it is equally likely that the depth-related predominance 
of caprellids, which scrape surfaces for  detritus, may 
have been due t o  the  great abundance of hydroids. 
Without knowing which species of caprellid was repre- 
sented, such comments are speculative; however, they d o  
illustrate the importance of understanding community 
dynamics (as opposed t o  community structure) among 
fouling organisms. 

Motile epifauna deemed important a t  BGOF by Fother- 
ingham (1 9 8  1 ) included tube-building amphipods 
(E'richthonius brasiliensis, Jassa falcata) in caged, experi- 
mentally cleared quadrats. Their tubes apparently did 
not account for  any significant coverage in undisturbed 
quadrats at any depth on  either platform, despite 
their being described as "common" between 6 m and 
18 m on  both platforms. Fotheringham (1981) also 
considered a number of other amphipods common o r  
abundant, including Caprella equilibra, and Stenothoe 
gallensis. Other crustaceans of note included a pycno- 
gonid (Tanystylum obiculare), and the tanafd Tanais sp. 
and the  isopod Dynumene perforata ( two groups related 
t o  amphipods). 

The Central Gulf Platform Study included a detailed 
treatment of anlphipods on Louisiana platforms (Galla- 
way et al. 198 1 b). Coastal platforms were dominated by  
amphipods at  1 m ,  where they accounted for 25%-84% 
of the dominant discrete (i.e., countable) organisms. 
Most of the amphipods on the two Coastal platforms 



were Stcnothoe sp., either S. gallensis or S, rnrnulu 
Stenothoe  minuta i.s an estuarine species (Bousficld 
1973), while S. gallensis has been collected frorrr coral 
reefs in offshore Mexican waters (McKinney 1977). 
A mixture of S. gullensis and S. min~c ta  in a ratio of 2.5 I 
was noted a t  one of  the two Offshore platforrns studied 
by Gallaway et al. (1 98 1 b). The greatest proportions of 
anlphipods were found in deep water (10-30 ~ n ) ,  where 
the tube-d welling corophiid amphipod I:'ric.hthonzzrs 
hrusilic~rsis achieved densities up t o  1 0 ,987/m2,  account- 
ing for up to 97'h of the discrete organisrrls couiitcd. 

Caprellids are elungated a~nphipods which brood their 
young, having no pelagic o r  swimming Iarvdc. I>cspite 
this apparent limitation t o  dispersal, rrrany species have 
world-wide distribirtions. probably duc t o  very broad 
substrate affinities and the ability to  "raft" on floating 
detritus, algae, wood, etc. Caprcllids as a g o u p  arc 
opportunistic tcedcrs, consuming whatever organic 
nlaterial is   no st readily available (1)undurr 1973) 
Cuprc2lla ecitrilibra has a rangc which spans thc Atlantic 
Ocean, I'acific Clccan, Black Sea, and tlic Mcditcrrdnean 
Sca. C'aprcllids arc comrr~ortly associated with colonial 
epifaunal species such as hydroids and bryo7oans. 
Caprellidb can acl~icvc irrrpressivc denbitics. 1)undon 
reported abundances for C: tlyuiIihru on liydroids of up 
to 77,000/rn2 of hydroid; a related cpitaunal species 
((Japrc~llu gorgoniu) was obscwcd at dcnsitics up t o  15 1 
individuals/granr wet weight of  host (Lewbel 1978). 
Gallaway ct al. (1 '18 11)) collcctcti large nunrbers ot  
cdprcllid antphipods from both C'oastdl dnd Offsllorc 
platforms sluciied in thc ('rntral Gulf I'latfornt progrdln. 
(i~prc,llu c y u i l i h r ~ ~  was the most colnnron forr t~,  and u d ~  
found 151 large numbers (up  to 30,fi66/111~) at  '111 depths 
fro111 the surface down to 3 0  1x1. 

i'olychaetcs arc scgmcntcd rriarinc wortns closely rclatetl 
t o  the I'arl.ritiar tcrrcstrial cnrthwarrn. '1 hey arc c.utrc~i~ely 
tfivcrsr and abundant in the ocean. virtually domilrdting 
Inany co~rt~i~unil ius ,  cspccially soft bottorns. Thcy arc 
often divided for convenience into two groups "scd- 
cntary polychactes," which arc scrrli-rnotilc arid typically 
live in tubes that thcy huild, and "errant polychactcs" 
which rctarn freely In search of prey. Many of the tuhc- 
dweflers arc filtcrfecders o r  eat detritus that settles 
within reach, whilc rnost of the errant polychaetcs arc 
carnivorous or onlnivorous, catirrg things thcy encotintcr 
on  the bottorlr. Errant polychaetcs arc conrrnon corn- 
ponents of fouling co~nrnunitics, living in spaces between 
barnacle and bivalve shells. Sedentary ployctlactcs u hich 
build small tubes alsv f r t q u e ~ ~ t i y  cover stirfaces in 
fouling communitiCs. The tubes may be rigid, calcareous 
structures which in turn provide habitat for other 
fouling species, o r  softer, more membranous slteaths. 
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Large ~'ttlrrtbers of  polychaete worms werc seen a t  all 
depths on tire 0151 platfor111s (e.g.. rangc from 700-3251 
n12 on onc platfurnl in July), thougti shallower sarnples 
had somewhat Inore worms (George and .l'horr~as 1979). 
George iind 'l'ho~rias (1979) did not indicate which type 
of polychaete was present on OL1 platforrns. but ob- 
served 50,781/111~ on settling plates in 'I'irnbalier Bay. 
Gunler and (;eyer (1 955) rrported that f'trpo~nattrs, 
a serpulid polychaete also known as I l ~ ~ t f r o i d c s .  was 
found on the bottorn of Louisiana platforms. and it is 
possible that the sanle species was prcsent on  the OEl 
plalfornts. Scrpulids secrete calcareous tubcs and feed on 
suspended particles. 

'I'welvc specie> of polychdetes %ere collected ~t 8C;OI: 
by I:otl~eringhaln (198 1). I he rnost common torirls 
included N<~untht,s szcccitreo, l luplosv l l~s  spongicolu. and 
Trypur tos j~ l l~ .~  g e ~ n t ~ ~ i p u r u .  

Twenty-seven species of polychaete worrns werc col- 
lected in the Central (;trlf Platl'orn~ Study by C;allaway 
el al. (1 98 10) on ttlc Louisiana platfor~ns. l ' l ~ c  !nost 
coinnlon species were 11lctnlwrs of the fautily Syllidae, a 
group of srirall carnivc>rous a n d  parasitic wurlns found 
associated with sponges, hydroids. and other inverte- 
brates (tiosller 197 1). I>onlinant taxa included Brurriu 
sp., Typosillis sp., IIrplos.~~llis spongic.olu. Oilo~rtosyll is  
sp., and 1:'rcsyllis sp. 1)ensities for individual species 
ranged as high as 13.733/1n2, and were generally greatest 
in water depths from 1-1 0 111. 

I'ycliogonids are rnarine :lnirnals c;~lleci sea spiders, wflosc 
closest relatives are the  scorpiuns, spiders and hurseslloc 
crabs. 'l'hey tend t o  be srnall (1-10 ~ r ~ m ) ,  and look pl~ysi- 
cally rather likc slow-moving spiders. Many pycnogonids 
are epibiotic on bryozoans, anelnones. hydroids and 
sponges, feeding cither on their ilosts or on micro- 
organisms growing on  the substrate. Pycnogonids brood 
their young, whiclr itre carried by the ~rlale until thc 
poling leavc to  coinplcte inctai~~orphosis on the suhstmte 
(Barnes 1980). 'I'his group was rnenticlned as being 
present within thc shallow fouling mat in the OtSI 
studies ((;eorge and 'i 'ho~nas lL)79). Gallaway ct al. 
(1 981 b) also reported having collected large numbers 
of. pycnogonids (up  t o  5,733/rn2) at a depth af 1 In 
from both C'oastal and Offshore Louisiana platforrns in 
the C'entral (;ulf i'1atfc)rrn S t ~ ~ c i y .  

Ner11crte~11ib drc small. elongated arl~rnals known ~s 
ribbon uorins or proboscis worms. \lthough some form 
mucus-l~neci burrows or tubes, nlost are tree-rangng 
huntcrs. All neinerteans arc cdrnivorous, capturing prey 
witit dn eversible proboscis that is sornetr~tles arrned 
with d poison-injecting stylet. Ihcy feed on d wide 



June, and rernain cornmon t o  abundant in nearshore 
habitats through the  summer, in nearshore habitats, 
they occur in schools, generally aggregating around 
jetties, wrecks, pilings and bridges (Callaway et al. 
1 Y8la). Few fish exceeding 450 g are taken in nearshore 
habitats. 

Recruitment of large juvenile spadefish (approxirnately 
150 rnm long) to  petroleuni platforms begins in spring, 
is high during surnmer, and is completed during fall. 
Results of mark-recapture studies have shown that this 
species is exceedingly "habitat faithful" once recruited 
t o  an offshore structure and that population levels 
around platforms are directly proportional to  the size 
of the structure. 'l"ypica1 densitics range from 0.15-0.20 
fishj~n" of' water under the platform (Gallaway et al. 
1979). Population Icvds are highest during fall and 
winter whcn both large (up t o  0 kg) and small, recently 
recruited fish are present, and lowest during spring and 
suililllcr, particularly during spring whcn the largest fish 
are gcrlerally absent and tlzc rccruitn~ent rate is low. 
In conjunctiorl with the presence of juveniles in the surf 
during late spring and the scarcity of larval spadefish 
around ~)ctrolcunl platfor~ris during dl1 seasons (Finucanc 
et al. 1070). these data suggest that the large fish niay 
move to nearshore areas during spring for spawnhzg. 
Aroirild one inajor ('oastal 'I'exas platfornl at BGOF, 
scdsonal population csti~natcs and 95% confidence 
intervals tbr suliirncr. fall, winter, and spring werc 
6,554 (4,482-10,501), 7.791 (5,332-12,494), 8,783 
(6.220-1.3.388) and 0,370 (4,503-9.520), rcspcctivcly 
((;allaway and Martin 19x0). 

In-situ ol)servations :tnd index of' fullness values indicate 
that All.inlic spadcfisll actively feed in the upper part of 
the wdtcr coluinn around the periphery of platforms 
doring the w,irill scasolls, rrtililing ruostly Inacromo- 
plankton such as pteropods as food (up t o  75% of 
wcigiit of s to~nach contents) ((;allaway ct al. 1979). 
1)uring cold seasons, thc fish typically appeared to reside 
iri the 1r)wer water colurni~ or  ,tt the bottom. and fcd at 
~ t l u d i  rctiticed rates (e.g.. index of fl~Llness valucs during 
fail and  winter periods werr S or less as compared t o  
vdlucs in cxccss ol 20  during spring and s u n ~ n ~ e r ) .  Whdt 
little fond was ingested during the cold pcriorls appeared 
to consist of  ltiofouiing organisms (sponges, hydroids 
and bryoruans). During winter, thc condition of Atlantic 
spadefish was d l  d seasonal low, popularion levels were 
Iiighesi. and disease epide~nics were cotlirnon (see 
Gallaway a t  al. Ic)81a). As Zlrc watcr wdrrned during 
spring. coivnies of a wh~t~*r- i) louir~ir~g i iy druid. lithuluriu 
croceu, werc sloughed trorn the platforn~ and gorged 
upon as suspended material by Atlantic spadcfish 
(Gallaway et  dl.  1979). We have seldo~n seen Atlantic 

spadefish browsing directly on  the fouling community, 
except for a few individual fish during winter. This 
fact, in conjunction with other  observations, indicates 
that these fish are primarily sight-feeders, preying upon 
macrozooplankton and suspended particulate matter, 
especially barnacle molts. Other species having a similar 
trophic niche probably include the lookdown (Selene 
voiner), Atlantic ~noonfish (Vomer setapinnis), and t h e  
creolefish (Paranthias furcifer). 

Resident benthic species around production platforms 
which also appear to  be  mainly trophically independent 
of the biofou!ing community include fish such as the  
red snapper (Lutjanus campechanus) (Gallaway et al. 
1981b). Red snapper are recruited t o  petroleum plat- 
forms and other reefs from the demersal nekton near 
the end of their first year of life, when they are about 
200 mtn long (Bradley and Bryan 1976). These fish 
are extremely habitat-faithful, and population levels 
around rnajor platforms have been observed as high as 
7,000 individuals (Gallaway and Martin 19110). This 
species is trophically linked t o  the surrounding soft- 
bottom rnotile epifauna, preying mainly upon shrimps, 
swimming crabs and fish (Moseley 1966, Bradley and 
Bryan 1976, Gallaway et al. 1981a). Red snapper 
apparently feed at  night over soft bottoms away from 
the platforn~s, returning t o  the  reef during the day for 
cover (Hastings et al. 1976, Gulf of Mexico Fishery 
Management Council 1980). Other species perhaps 
having a similar trophic. mode include large torntate 
(f~aernulon aurolineatum) and some groupers. 

Resident species which appear trophically dependent 
upon the biofouling cornmunity for food and/or cover 
include small cryptic forms such as the blennies (Blen- 
niidae), as well as large grazers (e.g., sheepshead, Archo- 
sargus probatoccpkalus) and small grazers (e.g., butter- 
flyfishes, Chaetodontidae). Blennies, as  a group, appear 
dependent upon empty barnacle shells for t h e  conduct 
of  their life history. Adults live in the  shells which offer 
protection from most predators. Eggs are also deposited 
in empty shells, and the usual presence of an adult 
along with eggs dnd recently hatched young indicates 
some degree of  rearing. Thus, the type and size of  t h e  
dominant barnacle in the biofouling community can be 
viewed as a structural feature which directly controls 
the density of  blennies as well as many other large 
cryptic species. Shells have a high profile which is 
further enhanced by clumping, resulting in a markedly 
irregular surface, and providing large cracks and crevices 
which can be utilized for cover by Iarge cryptic species 
such as pistol shrimp, xanthid crabs, and polychaete 
worms. The nature of the encrusting mat cornrnunity 
also apparently controls the co~nposition and density of 



small cryptic species (primarily microcrustaceans) as 
well as sonic large species (e.g., brittle stars). Habitat 
Urnitation appears t o  be far more important in the  
regulation of  most platform cornrnunity populations 
t h a n  are any trophic-related limits. 

Trophic studies o f  the  crested blenny (Hypleurochilus 
geminatus) at  BGOF indicated that this species fed 
actively tliroughout the year and relied almost entirely 
u p o n  the biofouling conlmunity for  food (Gallaway 
a n d  Martin 1980). Based upon the identifiable food 
contents in stomachs obtained during 1978-1979, 
hydroids and barnacle molts were the dominant food 
i t ems  of blennies during sumrner and fall; amphipods 
a n d  algae were important during winter; and amphipods, 
hydroids, and algae were the  dominant forms during 
spring. Barnacles not only provide critical habitat for 
blennies, but also serve as food, mainly through the  
process of molting and through the work of large grazers 
who leave bits of barnacle flesh in the  crushed shells as a 
result of their feeding. We suspect that  small reef fishes 
such as butterflyfishes and angelfishes have food habits 
similar to  blennies, and observations of their pecking 
feeding behavior suggest that they may ingest colonial 
Inat organisms as they take discrete, cryptic species 
(e.g., microcrustaceans and polychaetes). 

Sheepshead in the BGOF were extremely habitat-faithful, 
with population levels proportional t o  the  submerged 
area of structure; they were recruited t o  platforms only 
a s  adults about 22-50 cm long (Gallaway and Martin 
1980). This recruitment occurred during a brief spawn- 
i n g  aggregation during April, when the  population was 
some 17- t o  19-fold higher than observed during other  
seasons and consisted of many running-ripe adults 
exhibiting courtship behavior. During the  previous 
sulnrner (1978), one small structure which had been 
llarvested of all but about 1 0  of the resident sheepshead 
did not recolonize until the  spring 1978 aggregation, 
after which the' population returned t o  pre-harvest 
levels. Normal density of sheepshead was estimated to 
be  about 0.3 fish/m2 of submerged platform substrate. 
For a major platform, total population of sheepshead 
averaged around 1,000-1,500 individuals, whereas small 
platfornls supported populations of about 150 fish. 
I)uring the obsemed spawning aggregation, popuiation 
levels at a major and a small platform in the BGOF 
were estimated t o  have been 16,969 and 3,055 indi- 
viduals, respectively. 

Sheepshead were trophically dependent: upon the bio- 
fouling community at  BGOF and fed actively through- 

out the  year. During sumrner periods when the bio- 
fouling biomass levels were lowest, portunid crabs 
co~nprised about 67% of the sheepshead diet by weight, 
and the fish were also observed t o  feed o n  rafts of 
sargassurn floating by  the platforms. These foods were 
supplernented by the  biofouling community. During 
the remainder of the  year, the  diet consisted almost 
entirely of biofouling materials. Gray triggerfish (Balistes 
capriscus) and other balistid fishes are similar t o  sheeps- 
head in terms of trophic dependencies. 

With the probable exceptions of barracuda (Sphyraena 
barracuda), almaco jack (Seriola rivoliana), hammerhead 
sharks (Sphryna spp.), and cobia (Rachycentron cana- 
durn), most of the large predators around petroleum 
platforms d o  not appear t o  be residents, but rather are 
believed highly transient. The above listed exceptions 
along with the  bluefish (Pomatomus saltatrix) are either 
known or  expected t o  feed upon other resident platform 
species, and probably have a longer residence time at 
platforms than do the  other large predators such as 
various mackerels (Scombridae), jacks (Caranx spp.), 
and the little tunny, Euthynnus alletteratus. The latter 
species come and go t o  platforms for  periods of a few 
hours t o  a few days as they follow large schools of prey 
species such as scads (e.g., Decapterus punctatus) and 
sardines (e.g., Sardinella anchovia). Both the  pelagic 
prey and predator species are attracted t o  structures 
per se (Klima and Wickham 1971, Wickham et  al. 
1973), but with different schools constantly rnoving 
into and away from the structures. Large variations in  
the daily number of pelagic species are normal; the  
results of t h e  above experimental studies showed as 
Inany as 10,000 fish were observed around small, float- 
ing structures one day after they had been positioned. 
We d o  not believe that the mackerels, jacks, and tuna 
feed upon resident platform species t o  any major degree. 

With the exception of the bluefish, large predators which 
d o  feed on  platform residents are not numerous, typi- 
cally ranging in orders o f  magnitude from 1 t o  10. 
Around a given structure, bluefish are usually present 
in schools of up t o  about 5,000 individuals. It seems 
obvious that bluefish do not feed much o n  the  resident 
platform species, given the slow recruitment of most of 
the resident species and their relative seasonal constancy 
in terms of population levels. Gallaway and Martin 
(1980) showed that bluefish around petroleum plat- 
forms were heavily dependent upon demersal fish and 
~nacrocrustacean communities of the surrounding 
soft bottoms, and, t o  some degree, upon t h e  transient 
pelagic prey species mentioned above. 



Other Vertebrates 

We are unaware of studics showing any bchavorial 
response to structures by marine mammals or reptiles. 
During our  studics in the  BGOF, an unidcntificd sea 
turtle was occasionally observed and was believed to 
have been the same individual. Porpoises were sometirnes 
sighted tnoving through platform arcas with no particu- 
lar attention paid to  the platform. 

Aurnann (1981) studied thc effects of pctrolcunl struc- 
tures o n  migratory and local rnarinc birds. Ilc concludcd 
that the effects of thc structures on birds ranged from 
insignificant to  bcncficial during lion-niigratory seasons 
(summer and winter). Species such as black tern (Cllli- 
donias nigcr) and snow goosc (Ci~cn caerulcscens) 
passed through the area hut wcrc not influcnccd by tile 
presence of the structures. 'I'crrcstrial passeri~lc birds 
were observed on the platfortns and were all reprcsenta- 
t ~ v e  of winter rcsidcnts along the coast. I'he presence of 
the structurcs was considcrcd hcnclicial t o  gulls (particu- 
larly the laughing gull, I,urus atricilla) and thc royal 
tern (Sterna rttasimu) which ~ n a d c  cxtcnsivc use of the 
structures and surroilnding waters for resting and feeding 
areas. No detrimental cffccts of structures on fall ~nigra- 
tory birds wcrc postulated, but possiblc hcncfits were 
suggcstcd. Insect-fceding birds, in particular, foraged 
cc~nsiderably on  the diversc anti ample supply of insccts 
that inhabit platforms. Tllc birds appeared t o  bc in 
cxccllcnt physical condition, and dcparturc time from 
thc platf'ornls was suggested to have had little o r  110 

effect on the southward trans-(;ulf flight. 

Nulnrrous dead spring-migrating birds wcre observed 
on the platforms, death appcared to have been a result 
of exhaustion and lack of food and watcr as opposed t o  
collision with the structurcs or contamination by petro- 
chcrr~ical substances. In the ahsencc of thc platforms, 
an additional hour of flight tirlle would havc put the 
birds on land whcrc resources woufd be available. 
Aunlann (1981) concludcd that "nrortality from prcda- 
tors and othcr factors on land also contribute quite 
heavily t o  mortality of spring migrants" and that "dead 
birds on the platform arc readily apparcnt, whereas 
dead birds on land quite oftcn go undctcctcd." 

2.2 HABITAT STRUCTURE AND ZONATION 

Exterldilrg from the bottom to abovc thc water's surface, 
petroleun~ platforms provide thc basal substrate for 
dcvciopmcnt of  a high-profife reef. This basic habitdi.  
structure is greatly rnodificd by development o f  bio- 
fouling communities. which enhance habitat quality for 
other reef community components by providing cither 

food and/or cover. While this section emphasizes vertical 
o r  bathymetric zonation, the horizontal zonation of 
communities as indicated by the presence of characteris- 
tic assemblages at different distances offshore and 
latitudes is also presented, primarily by t h e  organization 
of this section. 

Coastal Platforms 

Structural and zonational patterns within the Coastal 
group of platforms differ (1)  between platfornls located 
in Louisiana waters and in Texas waters, and (2) be- 
tween those closer to  shore and those farther offshore, 
a t  least off Louisiana. The Louisiana-Texas difference 
corresponds to  some degree with Parker's (1960) desig- 
nations of faunal provinces based upon benthic macro- 
invertebrates obtained from soft bottom grab samples. 
Ile showed the zone west of the Mississippi River Delta 
t o  be a faunal assemblage (West Louisiana Province) 
distinct from those along the coast of Texas (he divided 
Texas into three provinces). The West Louisiana Prov- 
incc generally corresponded with the delineation of  a 
Ilurnid Zone extending from the delta to  near Galveston, 
Texas, which is separated from sub-humid and semi-arid 
conditions farther west and south along the  Texas coast. 

The major structural feature of Coastal platforms is 
the domination of the biofouling community by bar- 
nacles throughout the water column. In Louisiana, the 
dominant species of barnacles is usually either Balanus 
amphitrite niveus and/or B. improvisus (George and 
Thomas 1979, Gallaway et al. 1981b), both of which 
are srnall acorn barnacles that provide only low relief. 
George and Thomas (1979) found that the total wet 
weight of the biofouling community decreased with 
depth on  a typical platform in summer samples (e.g., 
5.2, 2.9, and 0.5 kg/m2 at respective depths o f  2.4, 
9.1, and 12.8 m). Wintcr biomass was slightly higher 
in samples near the surface, and lower in deeper samples. 
Barnacles were responsible for 79%-97% of the total 
a t  all depths during both summer and winter. Anemones, 
sponges, bryozoans, and hydroids were the  only other 
major contributors t o  total biomass, and at n o  time 
did the weight of any of them exceed 11 5%. 

George and 7 homas (1 979) provided a generalized 
account of vertical zonation on a Coastal Louisiana plat- 
foril> located about 22 km offshore, in water 18 m deep. 
In this account, Balanus unzphitrite iliveus was called 
B. reticulatus. The authors found a thick concentration 
of tiis green dlgd Er~teromvrpizu covering the fouling 
mat at and just below the surface, with interspersed 
hydroids (Syncorytze), xanthid crabs (Neopanope 



tesurlu). ainplilpods (C'oroplritrtri), and pycnogonids. 
The fouling niat was ~t tacf icd to  Bularlus rt~ticltiutus 
and R. i~tzpro~~iscis in approvi~i i~~tcly cqual nunlbcrs. 
Below a depth o f  2.4-6 111, sea anelnones (,lipfusiu) 
replaced algae and hydroids on the barnacles. which 
wcre s o ~ i i e ~ l i a t  larger than 'it the surfdce and which 
were n o w  rnostly B retrcularus (70';). B a l a ~ ~ u s  c>brrrt~r~is 
was found occasionally, also. Several alnphipods (C'oro- 
plliu!n, S t fv~ot l~nc~ ,  and C'uprc~llu), vanthid crabs. and the 
blenny I/.~~pleurocl~iltts were conimoii. Below 7.5 In, 
nearly all the barnacles werc 13. ret~culatus, covcred with 
hydroids. B. tintinnabulun~ dnd R. irnprovrsus were 
present but rdrc. No living barndclcs were found below 
a depth of 12.2 m, where liydroids doniinated the 
con~munity down t o  tlze bottom. 

Results of the Central Gulf Platform Study investigations 
of two Coastal platforms in Louisiana watcrs during 
summer 1078 (C;alIaway et  al, 198 1 b) were, in general, 
sinlilar to resultq obtained fro111 thc 1073 surveys rc- 
ported by (korge and Ihornas (1 079). Ilowevcr, there 
were some notablc diffcrcnces, as well as observations 
of other co~nniunity co~nponents not covered in tlie 
ltrevious surveys. Barnacles and other shclleti organisms 
were cleaned of encrusting materials t o  obtain the 
weigllts of the barnaclcs and pelccypods per se. 

rotal bioniass levels of the biofouling conimunity on 
the shallower Coastal platform (water depth 12 111) 
averaged lower a t  thc surface (9.5 kg/n12) than near 
the bottom (I  3.5 kg/rn2). Water was turbid at all depths, 
as represented diagrammatically in Figure 6. The biomass 
dominants at 1 rn and 10 ni were barnacles, which 
respectively co~nprised 65% dnd 58% of the total bio- 
mass and '12:; and 87% of the biornass of  all discrete 
(as opposed t o  colonial) biofouling spccies, '1'11~ esti- 
mated biornass of  barnacles plus the encrusting organ- 
isms growing on them at each depth represented some 
'14'io and 9 29; of the total biomass at each depth, respcc- 
tivcly Halurltis atnpizitrite nivrus outnu~nbered Hulanus 
inrprovrsus 6 1 a t  1 rn, and 3.1 at 10 m. Aside frorn the 
colonial species forming tlze mat comniunity (which 
represented 29%-344' of the total hiomass), the  only 
other major contributors t o  biori~ass were anernones 
arid oysters, neither o f  which exeecded 6 % ~  of the total 
biornass at either depth The rnat com~nunity at 1 in 
comprised 29% (2.8 kg/m2) ot the total bio~nass. and 
was dominated by the green alga I jerbe~ia sp. (27Y 
of the coverage provided by the mat), a boring sponge 
(Clionidae, 28:: of the cover), a b r y o ~ o a n  (Aeverillia 
serzgera, tU'/r o t  the coverj and the hyriroid OAelia 
dichotornu, which provided about 12% of the total 
cover At 10 m, the rnat community represented 34%) 

o r  tiic tr>t* l i  b l u ~ n ~ s s  (4 t, lp,/in2) ~ x i d  contdi~icd n o  
m.i,.ro,f\scic?, helng don~lnatcd by the sdme species of  
tlic Ix--o~c>.~~l (38 01 the totdl cover), I lpdroid(335~) 
J I I ~ ~  borlnfi bi'onge (-10 1 ) 111,it wcre doni~nant  dt 1 111. 

Klibufts o f  plgnlent dndlyscs allowed microalgde (did- 
toms.  grccrl fl~gell.ltes dnd Illuc greens) wcre represented 
a t  hot11 depths.  Overdl1 productivity was dbout three 
tllncs l~lgtlcr at 1 m than at 10 111. 

S1lt311, 111otile. cryptic spccies. wlrilc contributing little 
to bio~iiass. wcre numerically abundant on  the shallower 
C'uastal 'i'he arnphipod S t ~ f ~ o t l z o e  sp. was very 
conlmon f r o n ~  the  surface to  tlie bot tom (27.733- 
28,133 inciividuals/m2), whercas the  caprellid C'aprella 
c*c[trilihrcr a r ~ d  an ~~nident if ied nelnertean werc present 
urily at 1 xn (7.466 and 1 1.006 individuals/m2, rcspec- 
tively). Large, niotile cryptic spccies were represented 
only by blerlnies and very s ~ ~ i a l l  specimens of the stone 
crab. Afcrlippc. mercenuria. Blennies wcre found only 
near tlic surface where densities ranged from 8-16 
fisli/ni2. ' 1 . h ~  slone crab was rcprcsented at both depths, 
but was marc abundant at 10 1x1 (1-39 crabs/n12) than 
at 1 m (48 crabs/m2). 

Zonation o f  fishes other tlian t h e  cryptic blennies 
a t  tlic sliallower platfor~n was riot evident, but observa- 
tions were hampered by pour visibility. Dominant 
fishcs were the sheepshead (very lligit nurizbers of 
very s111ol1 specitnens concentrated around t11e vertical 
supports), and tlic Atlantic spadefish (observed in 
small schools). Also gli~npscd in schools around the 
platforrn wcre bluefish and blue runncr (('uranx crysos). 
Individual specimens of lookdown and Atlantic moon- 
fish, which are normally seen in schools, wcre also 
observed. Although not very abundant, other reef- 
associated spccies were ohserved at this platform: 
whitespatted suapfisfi (Rypticrts tnaculatus), gray 
triggerfish, an ulzidentified butterfly fish (Chaetodon- 
tidac), lane snapper (1,utjunus synugris), and two species 
o f  grouper (k'pinepkelus rli~ritus and Mjlcteroperca 
ruhru). 

'f tie water caluinn arauiid the deeper I'oastal platforrn 
was charactor~fed by a turbid Iaycr from the surface 
to a dcpth of  about 3 In, a clcar zone between 3 in and 
1 2  111 and another turbid layer from 1 2  m t o  the bottorn 
a t  1 Y ni ((;allaway e t  al. IYHl b). 111 terms of location, 
depth, a n d  water conditions, this platforin was most 
similar to those mvrstigalcd in the  Obl by Cieorge and 
I hornas (1979). ~ I t h o u g h  there was no sampling below 
13 iil. there c sharp break In t~fotnaw a.;.rc>ciaied with 
t h c  turbid layer. The blofouling growth in this turbid 
Lonc consisted almost entirely of ilydroids, interspersed 
with dn occasional hard coral thought  to be Oculzna 
dijjffdsu. 





At the deeper Coastdl platfor111. totdl biornass lcvels 
near the surface (5.4 kg/m2) uere  rcnlarkdbly similar 
t o  those observed by George and Thomas (1979). 
but  at 10 m, biomass levels were cieter~nined t o  be 
9.6 kg/ln2 (Gallaway et al 1981b) cornpared t o  only 
2.9 kg/n12 observed at '). 1 m by the  previous lnvestiga- 
tors. Common t o  both studies, s r n ~ l l  acorn barnacles 
(primarily Balanzrs ar?ipllitrite tzivcfcs) do~ninatcd dl 
each depth above 12 In. In the Central Gulf Platform 
Study, barnacle biomass was 3.8 and 4.L1 kg/ln2, o r  71'; 
and 50% of the total a t  1 n~ and 10 m,  respectively. 
When the encrusting mat growing on the bdrnacles 
was included in calculations, the co~nbination of mat 
plus barnacles comprised 98';  of the total hiolnass dt 
1 m and 78% of the biotouling biomass at 10 lu. At 1 m. 
t h e  remaining 2% of the biomass was son~ewllat evenly 
spread over 14 species; at 10 m ,  oysters (Ostrcacea) 
represented 1.6 kg bionlass/m2, 17'111 of the 
total, while the balance of the biornass spread over 32 
specics. 

'I'he n ~ a t  community of the deeper ('oastal plattor~n was 
characterized by a scarcity of' ~nacroalgac (L)crbc~sia sp. 
was represented in thc 1-111 deep samples) and donti- 
nance by hydroids anti hryozoans. Microalgae were 
represented at both depths. The dominant colonial 
faunal forms at 1 m were the hydroid Clytia sp. and the 
stolonate bryozoan Aeverillia setigera. The latter species 
and the hydroid 7icrritopsis nutrictda dorninatcd the 
~ n a t  collections a t  10 111. 

Numerical densities of small, motile cryptic species at  
the  deeper Coastal platform were high, particularly 
at 1 In where the  arnphipod Stettotlzoe sp. was repre- 
sented by 52,800 individuals/m2 (63% of all discrete 
organisms, including hdrnacles) and another amphipod, 
Corophiunz sp., was represented by 14,667 individuals/ 
m2 (18%). At 10 in. discrete organisn~s were represented 
by a total density of 21,104 individuals/m2 spread 
somewhat evenly over 37 species. Relativciy large, 
motile, cryptic species were represented at 1 111 by 
blennies (8-16 fish/m2) and the xanlhid crab f<lirypunn- 
pcus depressus (5/in2). At 10 In. blennies were not 
encountered, but other cryptic forms were abundant. 
The polychaete Branin sp. was represented by 3,200 
individuals/m2, the  pistol shrimp Synalpheus jritz- 
muelleri by 32 individuals/m2, and srnall xanthid crabs 
by 362 individuals/m2. 

Most of the  fish observed at the deeper Coastal platform 
appeared t o  be concentrated in the clear zone in the 
middle of the water column. Thc dominant fishes 

observed were, in order of abundance, ( I )  mixed schools 
of ~noonfish and lookdown (formed vertical "walls" 
in the water column). ( 2 )  sheepshead, (3) spadefish, 
(41 gray triggerfish and ( 5 )  nlixed schools of bluefish 
(mostly) and blue runner. In the last group, two t o  
three schools each consisting of 30 to 30 individuals 
werc believed present. Sheepshead were considered 
particularly abundant; both they and gray triggerfish 
were observed grazing on  fouling lnacroepifauna. Con- 
siderable evidence of their grazing was evident. lnci- 
dental pelagic fish observed included crevallc jack 
(C.krar~.\- hippos). greater arnberjack (Seriola dumerili), 
and, at the surface, needlefish (Strongylura sp.). 

111 addition t o  sheepshead and triggerfish, several struc- 
ture- or reef-associated species of fishes and invertebrates 
were represented at  this site. Reef fishes observed 
included belted sandfish (Scrranus subligarius), rock 
hind (Epinephelus adscensiotlis), flarnefish (Apogon 
tt?uculatus), sergeant major (Abudefduf saxatilis), and 
juvenile cocoa damselfish (I'omacentrus variabilis). 
The snapper-grouper component o f  the ichthyofauna 
did not appear t o  be major. A few gray snapper (Lut- 
janr~s griseus) and a few srnall groupers (some believed 
t o  have been warsaw grouper Epinephelus nigritus, 
but the scamp, Mycteropcrco pkenax, may have also 
been seen) were observed on  nearly every dive. 

According to Shinn (1974), the vertical zonation of 
fishes around nearshore Louisiana platforms is charac- 
terized by spadefish, barracuda, lookdown, and sheeps- 
head in the upper part of the water column; red snapper 
and large groupers typically near the bottom, but often 
in mid-water; and, on the bottom, species such as 
speckled trout (Cynoscion nehulosus), sand trout 
(C)lt?oscion arenorius), and flounders (Paralichthys sp.). 
'1.0 the bottom group we would add the Atlantic croaker 
(Mlrropogon ut~dulutus) and note that we have not 
ohserved speckled trout a t  Coastal platforms, although 
they may be present, particularly at platforrns near the 
bedch. Schools of bluefish and sorne jackfishes like blue 
runner appear to be quite abundant around Coastal 
plattorrns at dl1 depths. In thc upper and middle part 
o f  the water co lu~nn ,  Atlantic moonfish are typically 
abunddnt at Coastal platforms in Louisiana waters as 
are dn occasional gray snapper. At Coastal platforrns 
mure distant f rom shore, it is not unusual t o  encounter 
ldrge schools of hditfish such as round scad, Spanish 
sardine, and scaled sardine (tfurengula pensacdue) 
in t l ~ c  upper part of the water column- Klima and 
Wickham (1971) have shown that structures per se 
attract these fish and their praddlur,, ille jdrks, but 
that the congregations are transient in nature. 



Several Coastal platforms have been investigated in 
Texas waters, but quantitative studies have been con- 
ducted only at BGOF (Middleditch 198 1). As in Louisi- 
ana the  biofouling community was diverse and abun- 
dant. Fotheringha~n (1 977) identified 16 algal and 101 
invertebrate species. The most immediate and striking 
difference between the Texas and Louisiana Coastal 
biofouling cornrnunities was the dominance of the 
Mediterranean barnacle (Balanus tintinnabulurn) o n  
Texas platforms. In contrast t o  the small acorn barnacles 
characteristic of Louisiana Coastal platforms, the Medi- 
terranean barnacle attained basal diameters of 6-8 cm 
and equivalent heights. Additionally, i t  grew in clusters, 
forming a high-relief hahitat. 'The density of these 
barnacles was sonietimes higher irnrnediately at the 
surface, but varied little with depth except in the zone 
of the persistent bottorn turbid layer, which characteris- 
tically extcnded from the sediment-water interface 
upwards for 2-3 111. Few live barnacles occupied this 
zone, though some empty shells were encountered. 

Onc of the structures in the 13(;01; was sampled season- 
ally ((;allaway et  al. 1979, Iloward et al. 1980). Winter 
bioniass was about twice that in sulnnier, and biornass 
decreased near tlie bottonr (Figure 7). Winter increases 
were attritxited to changes in the n u t  thickness, which 
was thin at all dcpths in the surnrner. The ~ i ia t  was 
dorriiilatcd near tlie surface by algae and encrusting 
sponges; at mid-depth by encrusting sponges, hydroids, 
and bryozoarts; and near the hottorn by ellcrusting 
sponges and Ilydroids. Changes were not as pronounced 
near thc bottorn, where the nliit remained thin year- 
round arirl hydroid and spongc growth did not appear 
to vary seasonally. Occasional colorlies of the coral 
Oculirra tliffL~a grcw near the h o t t o ~ n .  Keprescntative 
winter values for total hiornass for the surface. 8-9 111. 

anti a t  the bottom ( 1 8 - 1 h n )  were 19.8, 23.1, and 
3.0 kg/m2, rcspectivcly. Just above the turbid bottoni 
layer, biorlrass increased dramatically to  values sIightly 
lower than tlrosq at 8-0 111, inclicdting a sharp discon- 
tinuity in community structure at the upper h i i t  of 
the turl7id water. 

The rnost stxiking difference in appcarmce (anti bio- 
mass) between the silrnmcr and winter rriat coni~nunities 
on the  BGOF structures was the  extensive winter dcvel- 
oprnent of the branching bryozoan Rugulu ncritrrza 
and the colonial fiydroid Tubulariu crocca in thc upper 
water colunln 'I'liis developnrent began in tall (October- 
Noveniber), peaked during winter (January-February), 
and declined during early spring (March-April). The 
decline of tlie hydroid colonies was due t o  sloughing of 
macro-particulate matter into the  watcr column, which 
subsequently became an important spring food for 

pelagic fishes such as spadefish (Gallaway et al. 1979). 
'The hydroid and bryozoan development on BGOF 
structures during winter resulted in a high-profile. 
bushy cover which allowed for, or was associated with. 
a bloorn of rnicrocryptic organisrns. 

In contrast to  the Louisiana Coastal platforrn sited 
at a sirnilar depth (18 rn) and described above, the 
abundance and coriiposition of niicrocryptic species 
at BGOF during surnrner was low (overall density of 
22,535 individuals/m2 cornpared to 52,027/ni2 in 
Louisiana). ' lhe surface collections at BCO1: were 
dominated by nernatodcs (8,472/m2),  a polychaete 
(Synsyllis Zongilaris, 6,388/n12) and a tanaid (Tunais 
sp., 6,458/m2). At rnid-depths only the nerndtodes 
(3  , I  94/ni2) and Synsyllis longllurrs (2,847/rn2) were 
well represented. I'hese two taxa also occurred at tlic 
bottom in densities exceeding 3,000/m2, but the  poly- 
chaete Ifaplosyllzs spongicola was dornindnt (1 1,736 
individuals/rii2). 

Total density of niicrocryptic species on the  sanie 
W O I ;  structure during winter 1978 was approxirnately 
219,000 individuals/rn2. The doniinant groupb during 
winter were largely microcrustaceans (Caprellu eqni- 
lihra, 60, l  16/rn2; Jassu falcatu, 5 7 , l  1 6 / m 2 ;  and h'rich- 
tkonius brasilierrsis, 56,326/m2) altllough the groups 
which were dominant during surnlner remained well 
represented (e.g., overall nematode density during 
winter was 7,097/m2, and flaplosyllis sporigicola was 
represented by 3.5 12 indiviciuals/n12). 

The ~nacrocryptic fauns on the 'l'exas plaforms, how- 
ever, was much more abundant on  the BGOI; structures 
than on  the Louisiana platforms, presurnal~ly because of  
tlie greater relief provided by the larger do~ninant  
barnacle. Based upon sampling performed at 3- and 8 - ~ n  
depths during surunier 1978, blenny density ranged from 
30-40 fish/m2 (up to 50/m2 o n  sonie platforms); pistol 
shrimp from 107-336/ni2; brittle stars frorn 7,675- 
34,331/ni2;3nd stone crab froni 16-64/1n2. 

, . 
1 tze co~nposition and vertical zonation of pelagic fishes 
around the BGOF structnres were sirnilar t o  those 
observed at Coastal platforiris in Louisiana waters. 
Spadefish (doniinant). sheepshead. and barracuda were 
characteristic of the upper water colurnn; red snapper 
and groupers were common t o  the bottorn and often 
seen at  mid-depths; and schools of bluefish, blue runner. 
and baitfish were coriirnon. The fish fauna at BGOF 
structures differed notably from those in Louisiana in 
that large schools of lookdowrl were never observed 
over the  4 years of investigation, and by the high abun- 
dance of the tomtate. The sciaenid fishes listed by 





Shinn (1974) were not conilnon to the bottom at 
BGOF structures, but the cubbyu (Equetus umhrosus) 
and, sometimes, the bigeye (Priacanthus arenatus) were 
common. Reef fish components at the BGOF were 
basically similar to  those observed at Louisiana plat- 
forms, including as the most common inhabitants, 
belted sandfish, cocoa daniselfish, sergeant major, 
night sergeant, grey triggerfish, and an occasional butter- 
fly fish. 

During summer 198 1, LGL Ecological Research Asso- 
ciates, Inc. (under the ausplces of the BLM) conducted 
qualitative surveys of three platforms offshore of south 
Texas. Two of these were near shore, one off Mustang 
Island in the vicinity of Corpus Christi, Texas, and one 
off South Padre Island north of Brownsville. In nearly 
all respects, the platform off Matagorda Island in water 
about 19 In deep was similar to  BGOF structures. The 
biofouling biomass was donilnated froni the surface t o  
near-bottom areas by the Mediterranean barnacle. Near 
the hottorn, growth consisted mainly of hydroids and 
patches of thc coral Ocu/ino d i j~usa .  The mat comlnu- 
nity in the shallower zones was dolninated by an inter- 
spersed assemblage of sponges, hydroids arid bryozoans. 
At least superficially, fish and cryptlc faunal assemblages 
appeared the sattie as those cl~aracteristlc of BGOF 
structures. Thc major difference, howcver, was the 
profuse growth of the biofouling mat, which was more 
similar t o  BGOF winter than si~rnrner levels. 

The inore soutlicrly platforni, even tliouglr close to  
shore, was 111 water about 22 rn deep and had character- 
istics of both Coastal and Offshore assen~blages. In this 
regard it scerned lo be representative of an ecotone 
between tliesc two rones, ant1 will be described under 
the 0f:f:rhore I'lutJort?is scctlon whicli Follows. 

Offshore Platforms 

Although tire octocoral Tc+lcsto sp. 1s never a bio~rlass 
dorrjinant, we consider i ts  prescrlce a good indicator 
for the  Offshore faunal asscniblagc a5soctated with 
petrolcum platfornm in the northwestern Gulf of Mex- 
ico. Additronally. even though bar~lacles n ~ a y  bc well 
represented In near-surface zones. the ~ndior d~fferences 
between the Offshore and the Coastal assemblages are 
that pelecypuds, as opposed to barnacles, dominate tho 
biofouting biomass, and that there is a sharp break In 
biomass between 20- and 30-n~  depths, which does not 
necessarily relate to  the proxinlity or presence of the 
bottom turbid layer. Callaway el al. (1981b) reported 
results of quantitative suminer sarnpllng for two plat- 
forms in Louisiana waters (one consitlered as ecotonal 
between the Coastal and Offshore assernbIages) and have 

recently made qualitative surveys of two Offshore 
platforms in south Texas waters, one of which was 
also considered as ecotonal. In each case, the relative 
abundance of barnacles at the surface and the rather 
sparse growths of Telesto sp. were the primary features 
leading the authors t o  classify these more nearshore 
structures in the Offshore zone as ecotonal in nature. 

The ecotonal platform in the Offshore zone of Louisiana 
was located at a distance of 42 krn frorn shore, in water 
35 ni deep. It was sampled froni the surface down to a 
depth of 3 0  1x1 (Gallaway et al. 1981b). Total biofouling 
bioniass from 1-20 n1 ranged from 8.5-1 1 kg/m2, but 
dropped t o  a low of about 2 kg/n12 at 3 0  nl. Discrete 
fauna, mostly shelled forms, comprised 56%-73% of the 
total biomass from 1-20 m, indicating extensive develop- 
ment of the niat co~ntnunity, At 3 0  rn, discrete fauna 
only comprised 1% of the total biomass. Of the discrete 
fauna, pelecypods comprised 65%, 93% and 99% of the 
biornass of discrete organisms at  depths of 1, 10 and 
20 m, but were not represented at  3 0  m, where the 
fouling mat constituted 99% of the total sample biomass 
(see Figure 0). The Mediterranean barnacle was codonri- 
nant (27% of the total biomass) along with pelecypods 
at the I-m sanipling depth. The dorninant pelecypod at 
tllc surface was the tree oyster (Isognomon hicolor), 
representing 48% of the total biomass contributed by 
discrete organisms. From 10-20 rn, the Ostrecea (prob- 
ably mostly Ifyotissa rhomasi) and the leafy jewel box 
(Chatna nzacerophylla) dominated in terms of biomass 
of discrete organisms. 

Macroalgae (particularly reds and greens) were an 
important co~nponent  of the biofouling mat t o  a depth 
of 10 In on  the Offshore ecotonal platfornr in Louisiana, 
but were absent in samples taken at greater depths. 
Microalgae (diatonis and blue-greens) were represented 
down to 3 0  111; patches of coralline algae were seen by 
divers in some areas greater than 10 ni deep, but were 
not represented in any of the samples. Complementing 
the algae at 1 111 were heavy growths of the hydroid 
Obelia dichotoma; frorn 10-20 m, the branching bryo- 
zoans Bugtlla ncritina and Crisia eburnea were dominant. 
At 30 ni, the hydroid Budendrium carneum was the 
dominant in two of the three sample replicates, but the 
third replicate was dominated by a colonial zoanthid 
anemone. 

This ecotonal platform was characterized by a rich 
and abundant cryptic fauna. Total numerical densities of  
d~scretc organlsrn? (includ~ng she!led forms) a t  1 m ,  
10 nr. 20 m ,  and 3 0  n~ were, respectively, 150,352/m2, 
53,547/m2, 39.221/nl2. and 44,309/m2 At 1 m,  
the brlttle star Oph~actts savzgnyz was dominant (92,4001 
m2), the  ainphlpods S te t~o thoe  sp. (7,200/m2) and 





Slrinn ( 1'274 ) wcrc noi corr~rnc,n t o  lttc I jr) t to~n ;st 

i f f ;OF sirnctitrcs. 13111 t l ~ c  ctrhbyii (f:'c/:rcruv rcnihrosu,~) 
a n d .  so rn t* t i~~ ie s .  tlie bigc'ye (J'riuccrtil1lil.c urc.rli~rl4r wcrt: 
cornrnoxi. Kcef fish c i~rnpcinct~ts  a t  11ic B(;OF were 
basicaiiy sirl~ilar t o  tlroic observeti ;it I..otiisi;irra p ia t -  
fornts. ir~clutii!ig as tire ruc~st cott~ri~or ' i  inhahi lant i .  
h~,ltctl s;intifisit, c o c o : ~  d:i~nself'isf~, sergeant in;tjor. 
!light scrgearlt, grey trigperfish, ;ind ;in occasion;il 17irtter- 
f ly  i'isll. 

i ) ~ i ~ ~ n p  stinlnicr i O H  1 I ( ;I  kc olopic '11 K c ~ ~ ~ r c l i  1Z\\tr- 
ci,jfc\, lni (unclrr  itrc' ~ ~ l t y ? ~ i  c\ c r t  t l t t  IJl.b! 1 cr~nt lu i te t l  
~ l i ~ d l i ~ ~ t t \ t ~  \tlr!t'y\ o f  tilic'r pli i tf i) l~ft \  o f f j l ~ c ~ r e  of \out11 
Irx,l\ I wo of thc\s w c ~ c  ncdr \ l ~ o r i * ,  onc oft Vu\t, ing 
I4~1rid 1 n  t11c- ~ I L I I I I ~ Y  of ( 'or i )~i \  C ' I I I J \ I I *  le\ ' i \  L i ~ i ~ !  o n e  
o f f  South  P , l d ~ c  l s l ~ ~ l t l  11o1tt1 of i3rowrtsvtllc in neLirly 
,111 rtb\pccl\, the  p1.1tlo1i11 o i f  M,ri,tgor(l,~ I\l,~ritl In w,ttcr 
,tlaot~t I0 111 tfccp w,r\ \nl~ll,tr to B(;OI. i l ~ ~ l ~ t t i r c \  I h r  
t t~o fo r~ l~ r ry  I ~ I O I I I , I \ \  W J ~  cfo~rl~n,itccI fro111 tfic \11rfrlcc t o  
I - l o  I I I s  ~ ~ I I I I S I ~ I  I I I Yedr 
~ I I C  I > o t t o ~ n ,  growtli c o ~ ~ \ ~ ~ ! s ~ l  I I I ~ I I I ~ ~ ~  of l ~ y ~ l r o ~ c f \  ' j ~ ~ d  
I I . . ~ ~ L I I ~ * \  of ftle cor ,~l  C/cu/rrru r / t / f i r r c r  I h r  r r t ' t t  corrlnltr- 
1111) in Illr. ~lr , t l l(~wer f o r t e s \  w,t\ cioinrn~~tctl  11) ,tn ~ r t t c r -  
q y r \ ~ t l  , ! \ \e~~~l)l . igc~ of \pon&;e\. l i v~ I ro r~ i \  ,111d i ~ r y o ~ c > ~ i i i \  
21 Ic,id \~rpcrf t i~ . i l iy ,  fist1 ,tntl c I y 17111 f , ~ t ~ n , i l  , ~ s ~ c ~ i l h l , r ~ ; e \  

L i ~ ~ ~ ~ c ' l l < ~ l ~  tlte \,i111r .I5 liiO\t> i ~ i l ' i ~ ~ l f .  t c l l~ t l c  0 1  I$< ,Of 
\ I tu~t i t !e \  I11c rtl,ittrr ( I S ~ ~ C I C I I C C .  I I O W C V C ~ I .  w,i\ t he  
prtrtt~\' t/~trtvtlr ot tile* hiofor~linp I I I J ~ ,  w l l i~ l i  w,)\ 111(1tt* 

~~irri l , rr  to R(;C)I  wir~tcv t t~.~n \ u ~ u n t c ~  ievcl\ 

I-i'cciltiy rri;i(it: qua i~ ta f ive  surveys of two Offsliorc 
pl;ifforrr~s irt soutll 'E'esas waters- o i i r  uf  w l ~ i ~ f i  was 
a l \o  considered as fzotonal .  In each case. t he  relative 
ahiiii~1ur1i.e of i>arnaclcs ai  t h e  st irfair  anti t he  rather 
sparsc g rowt l~s  o f  7't,/(+,s{o sj'. were t h e  prirrlary features 
leatllng ill?. ;~utl iors to cls.;sify these Inore r~rarshc,re 
rtruclr.ireb in  t he  Oft'sl~or'c / o n e  as ecoional in u ;~ tu re .  

'i'hc ctcutoi~nl piatforrli in the  Offstrore zone o f  L,c>itisiana 
wah IocoteJ ;it n clistancc of 42 krn f ro i r~  skiore. in water 
35 rn deep. I t  Wac s a ~ i i p l ~ d  frctnr the  surface dowri t o  a 
t lci i t i~ of 30 111 ((;allaway ~t ;il. 1081 b). 'l'otai bioi'oi~lirlg 
biornass f'rorii 1-20 I r i  ranged frorrl 8.5-11 kgj in2 .  h u t  
droppet1 to a l o w  of allcjrit 2 kg/n;%t 3 0  In. 1)iscrete 
fanna.  n ~ o s t l y  sltellrd fornrs. cornpriseil 56 ';-73'1 of t h e  
total  l,iorn:~ss fronl 1-20 111, indicating extensive develop- 
nrcrlt of' lllc ruat c o ~ ~ t i r ~ u ~ ~ i t y .  ,\! 10 111. Jisc,rcte fauna 
only conlprisecl I (,". ctf tfic total  hionrass. Of llic djscrctc 
S:I~III;I,  pe lccypot!~  zonrprisec! (35':. 9.;"; ;ind (29'': of t h e  
I)iun~ass of discrete orgsti isn~s at cicptfis of 1 ,  10 arid 
20 In, I,itf were not reprosenteti ;it 3 0  In, wlrere t h e  
fo t~l ing  111;it co i~s t i t r l tcd  (Jc)'Y of t h e  t o t a l  sample biorr~sss 
iscc! f-'lgtirc 0 ). The h1erlitcrr;inean barrraele was co~ lo tn i -  
rl;int (27':. of tIlr tot.al h io~uass )  tilong wit11 pelccypods 
;11 t l ~ c  1-111 s a i ~ ~ l ' l i t ~ f :  cle{>tlt. '['lie \tcnnir~attt peircypod a t  
tllc s~rr f :~cc  was the lrct: oys t r r  ( l sog t~or~ror~  hicolor). 
representing '$8''; of t f ~ c  total  i)ioniass corlir iht~ted Ily 
t1lscrt:lc trrg:inisnis. Frulli 10-20 111, l l ~ e  Ostsecea (prtjb- 
ably rircrsily I Q ~ c ~ r i s s c r  riri>rvitsi) ant! tile 1t';~l'y jewel box 
(('lrtrfnu ttl~rt~cropl>,vlfu) t lon~inated  in terms o f  blornass 
o f  tlis~~rt:tt* orgariisnis. 

M:ii'sc~;ligac (i)artii,ul;~rly retis and g r c e ~ l s j  wert: a n  
irtrportani c o i r ~ p o n t ~ n t  of tile I>iofo~iling 111ai t o  a depth  
of 10  1x1 o n  the  (.)ffshore ei:otonal p l ; ~ t f o r n ~  in Louisiana, 
bitt wcrc al\sent ill sar~tples I:!kert at grrater tlcpths. 
Mii,roalgat: ( t l iatoli~% and i~l i~e-greens)  wcrc represented 
t low;~  t o  30 111; patches of coralline algae were see11 b y  
t1iver.s in some areas greiiter Illan 10 111 tlecp, bi!t were 
11111 represented in any 01' t hc  sarliples. Cornplenienting 
tilt: algae a1 1 ru were heavy growtlis o f  tire hydroitl 
( i lr~~i iu  tlic"Iz~~ror?rii: t'roni 10-20 111. t he  bra~l i i~ i r~: :  bryo- 
i t l sns  f 3~g i l l i 1  17i'ritiizii ;IIIII C'ri.~iu ( ~ ( ' h t c i n ~ ~ ~  were daniir1;lnt. 
A1 .;0 111. t he  Itycirojil Ir'~i,ic~ziiriurr~ curt7r.ccrrr was t t ~ e  
tlor11in;rnt in t w o  of t h e  tllrcc s a ~ ~ ~ p l r  replicates, biit t l ~ e  
ittisd r'i~plicate was 3utninatc.d by a coloriial zoanthid 
~irlclll~lIle. 

'I'iii.; c i o t o ~ ~ a l  ~)lt~tl 'orrti was c l l a~a i t c r i zed  by a rich 
anti ;illtinilant cryptic falitla. Tota l  numerical densities o f  
tiiscrete organisriis tiliclrlcliny shelled forms) a t  1 111. 

J 0 111. 30  111, and  3 0  1x1 werc, r e ~ p e c t i v e t y . ~ 1  50.3s2/rn2. 
53,5-$7/1:1~. 39.231,'~11? :and 44.309)111-. .At 1 m. 
: f ~ i .  briitle star Opl>i.rc.iis srt i ,<~nj, i  was domit?ant 19-2.400/ 
rtizi; t h e  d r ~ ~ l ) h i p o d s  S t s u u ~ h o e  sp. (7 ,200i in")  and 



Ericlzihorlias btus~lzenszs ( 1  0,987/ru2) rcspcct~vclp 
dominated at 10- and 20-rn dcpths, and thc cdprellid 
Pararup~ella pzlsilla wds reprcscnted in the growths of 
hydroids found at  30 m by an cstirilatcd 31,787 indi- 
viduals/m2. Associated with barriaclcs in thc ncar- 
surfacc zone, b l c ~ ~ n i c s  had a dcnsity of 8-13 f ishj~i~ ' .  
The sea urchin Arbacia sp was found both near the 
surface and at 8-9 m in densities o f  4 indiv~duals/nt~.  ,It 
8-9 m, xanthid crabs. brittle stars and pistol sltriinp were 
rcprescntcd by 64, 4 and 4 individuals/m2 respcctively. 

'The dominant fishcs observcd at  thc ccotonal Louisiana 
Offshore platforrn during thc surnrner sampling period 
were bluefish, spadefish, and inivcd schools of moon- 
fish and lookdowns. Blue runner and othcr jacks (('re- 
vallc jack, Caranv hippos; greater arnbcrjack, Seriola 
dumerili; alrnaco lack) were conlmon. Shccpshcad and 
grey triggcrfish were prcsent but not abundant, and 
large predators werc represented by barracuda, cobia, 
and a nurse shark (Ginglymostoma cirratzim). Kecf fish 
viere neither diverse nor abundant. 170rrns cncountcrcd 
included cocoa darnselfish, cubhyu, whitespotted 
soapfish, bigeye, and bcrmuda chub, Kyphosus sccta- 
ti-ix. 'The snapper-grouper asserilblage, howcvcr, was 
a major component of the ichthyofauna, being rcprc- 
scnted by largc schools of gray snapper suppiernentcd 
by medium t o  largc scllools of red and lane snappcr 
(Lutjanus synagris). A small spccics o f  mycteropcrcid 
grouper, perhaps the scanlp (Mycteroperca pllenax), 
was also abundant. Based upon vidcotapcs takcn at 
1-, 1 4 ,  and 23-m dcpths, spadefish, lookdown, and gray 
snapper dorriinatcd ncar the surfacc, and spadcfish, bluc 
runner and gray snapper wcrc most abundant at inid- 
dcpth. At 23 m, snappcr were rnost conlmon in tlzc 
video observations. Large Atlantic croakcr wcrc caught 
by angling at t h e  bottom. 

The biofouling conirnunity on thc ccotonal Offshorc 
platform off South I'adrc Island was similar to the 
ecotonal Louisiana platforrn in that the trcc oyster 
and Mediterranean barnacle werc the dominant shcllcd 
forms in near-surface areas, with pelccypods bccor~iing 
increasingly dorninant with dcpth; the  mat cornniunity 
development was extensive: and a fcw scartercd clumps 
of Telesto sp. were present. It differed mainly by the 
species of anemonc rcpresentcd, which was an cvcccd- 
ingly abundant, large, showy species that even con>- 
pcted with blennies for space insidc empty barnacle 
shells on  the south Texas platform. 

The Louisiana platform located 53 km from shorc in 
water 46 nl deep studied by Gallaway et al. (19Xlb) 
was considered represcntaiive of a distinct Offshore 

faunal usscinblagc. AE this piatform. all spccies of 
barnaclcs cornpriscd only 1.6(5 of the total sarnplc 
bion~ass of discrctc orga~~isj-iis as compared t o  86% 
contributed by bivalves. 'The octocoral Telesto sp, was 
thc visual dominant. bcing most dcnsc on  the horizontal 
cross membcrs of the platforms--supports which wcrc 
not cluantitativcly sairiplcd as part of thc program. ?'otal 
biofouling biorrlass fro111 thc shallowcst to  decpcst 
sampling arcas on thc vertical supports was 5.8, 11.4, 
5.3, and 0.2 kg/m2 zt dcptlls of 1 nt. 10 I I ~ ?  20 In, and 
30 in, respcctivcly. Of thcsc atnounts, discrete forrns 
conlpriscd 6Y1,%, 73%, 55%, and 12',& of thc total, again 
showing cxtcnsivc dcvcloprrierit of thc rnat cornrnunity. 
Thc dorninant bivalve at each dcpth was C%unza tnucero- 
phylla. supplcn~cntcd b y  cquivalcnt biomass of Ostracca 
(again probably inostly Ifyotissa tlio~tzasi) at 10 1% 

Macroalgac (mainly grccns and reds) wcrc abirndant at 
1- and 10-nl dcpths on the Louisiana Offshore platforrn, 
along with an cncrusting calcareous spongc at 1 xiz and 
ihc  stalked bryozoan Bzcgula neritina at 10 rn. At 20-111 
depths, thc lattcr spccics was thc most abundant colonial 
form, although zoanthict ancrnoncs and the encrusting 
bryozoan Cleidochas~na contracturn wcrc \vcll rcprc- 
scntcd. At the dcepcst area sampled. dc~nosponges, 
colonial anemones and ascidians co~npriscd most of t h e  
biomass. 

Uoth ldrgc and sniall cryptic spccics wcrc abundant o n  
tlic Offshore platforrn. Total nurncrical densities of 
discretc forins dccrcascd monotonically with dcpth froin 
100,464/m2 at the surfacc to 23,541/1n2 at  30 in. Tlie 
brittle star Ophzmctts sui)ignyi. the a~nphipcd Gprella 
equilibra, dnd polycflactcs (particularly Brania sp.) 
were dominant a t  1 111, 0. savignyi, C. equilibra and 
Stcnocl-~oe s ~ .  wcrc most abundant at 10 In; the ainpfii- 
pod Eric/zthonias brasilterzsis was dorninant at 20 m. and 
C, equilzbra dnd 1:. brasilzeizsi~ were dominant a t  3 0  rn. 
Kcsults of sampling in ncar-surface zones indicated 
blcnnics werc reprcscnted by dcnsitics u p  t o  60 fish/m2 
along with gastropods (4 /m2)  and nudibranchs (4/in2). 
At dcpths of 8-9 in. blcnny dcnsity ranged from 4-12 
fishjm2, xanthid crabs werc abundant (56/m2) and 
pistol shrimp wcrc represented by about 4 shrimp/rn2. 

Although the spadcfish was the dorninsnt pcidgic specics 
at thc Offshorc Loulslana platforrn and rnost of til- 
othcr species characteristic af the Coastal fish asscrn- 
blages were aiso well repscsentcd arnd abundant (c.g., 
lookdown, moonfish, bluc runner, sheepshead, gfcy 
triggerfish), the fish assembiagc dificrclf by tllc rnarked 
abunda~lcc of gray dnd rcd snapper and the ncnness of 
t rop~cal  spcclcs. Tropical species such as cocud damsel- 
tisii, blue and French angelfish, scIgcanl major, brown 



cliromis. filefislles (Monacanthid;ic), tangs (Acanthuri- 
dac) ,  flaii3efist.1 ( A p o g o t ~  rnuc~zcl(zt~4.~). and  the  creole fish 
were ail w d l  representctf. as were t he  a l ~ n a c o  jacks. 
greater arnt>erj;tck, bar jack (I~(irnnx r i c h l . ~ ) ,  and rainbow 
r!lnncr ( R l ~ g a / ~ . s  hipirlrlultu). Other  large predators 
i~ ic luded barracuda, crevalle jack, cobra, and hammer- 
head sllrrrk. 

Tr) o u r  k ~ i o w i ~ d p c ,  quanti tat ive hiofouliiig s a~np lc s  h;iife 
not hceri t a k m  frorn Blt~cwatcr platforms in ttic 1iort11- 
western f;ulf o f  Mexic :~ .  Our in-situ observations 
indicate that biofouling t>ioniass is low, prohahly in t lie 
range o f  1-5 kg/n12. Algal mats and  stalketi barnacles 
prctlorniriate at theb s ~ ~ r f a c c  anti. at d e p t i ~ ,  iiytlroids and 
l)cllecypods ;tppcar to dornirli~te. lnvcrtehr;~tes charac- 
teristic o f  t hc  s11cIf'-ecigc Ixinks, e.g, ,  tlilb spiny lobster 
(I'i~r~rrlirris sp. ant1 ttic s c ;~  tirr.hiri k'ric~illoris ~rih~c/oiilc*s, 
;ire corrlciron a n  N111cw:rlcr structrircs. 'The 111ost nolablc 
difI'crcnt*c, Iir.rwt:vcr, Ix5tweet~ tile Bl~rewatcr ;inti the 
ottlcr piat t'ol.rn a s s c r ~ ~ l ~ l ; ~ g r s  i s  ref leded by Illi: f'ish f:turl;i. 

41 I411rcw~tcr pl,itfoll~is, tile Ilr~gc~ pel,~gic \chool% o! 
yu~llefs\h,  looktlowns, ,1nc1 hlrivf~\h a r c  'ibsc,nt. sccln~rrgly 

I w I I i t  I r t i c  1 tic grdrlrig 
sltccpsiic<rct 15 r i,pJ,~r ctl I)y t h e  gr:ty I rjggcrtt\h and ;I Ilosl 
c.ri Itc,ruc.rI \i't'cic\ Ihc ilpper p;trt of 1 1 i C  w,lter 

fcirrns drc i t~rroti l~tlcrt  h y  \w,ir ins of wrds,iSs (particutdrly 
tits ~ i e o l s  W t " i \ \ ~  ( ' i < ~ [ ) f l ~ ~ t +  [ ~ ( I l t i I l ,  ' l t I~1  S$72tll\lI l l o g f 1 ~ ~ 1 ~  
l ! i ~ l i u t t t ~ t  i ~ { r [ . \ )  .{rj<i otI1t51 ~ I O ~ I L , ~ I  t p c c ~ v \  inclu(linp, 

Effects of Discharges (Platers Ba. b, u. d. and e )  

Cnnc t .~ t rd t i c \v~  of *.lrt!!~ng %.l~rfs In t!?c c t l t~u : i !nen t  
~ c s i x l t ~ n g  frc~nl okerboarti dtscharpes \elJotn a t t a r t  to-,~c 
levelr, ekcept . n ~ t h n  the  ~ m m e d l a f e  v ~ c ~ r l i t y  OF the 
discharge Within thlc ated. co rn tnun~ ty  strrictr~re cdn he  

altered !e.p.. Uenci"11 c t  ;if. 1980). but !lie p ~ i i n a r y  
irnpact fronl t h c  discfrarge of drjlljng nitids appear t o  
he  the lirriited effect o f  direct srnotlierirtg by  the  non-  
toxic cuttings. %in%nla ( 1 9 7 5 )  observed crabs and 
gastropod3 digging in a ciittirigs pile as well as groupers 
atid snappers "nosing in tlie piic, undisturbed by  chips 
still falllrig illrough t h e  water." We have also ohservcci 
fish using areas with accrtrtiulaticins of drill cuttitigi as 
habitat and. tinless complctcly srnot!iered, invertebrates 
such ;IS ;inernones continuing life in t h e  ~r i ids t  of cu t -  
tings. 

Produced water tfischarges also affect corntnunity 
structure.  wit11 rt~icrocrustaceans and  barnacles ireirig 
t l ~ c  rnost susceptible of t he  biofouling organisms (Gall- 
away et al. 19Xla).  Aguin, I~owever ,  t he  intjxtcl appears 
restricted to  within a few 111eters of t he  point  of dis- 
cliarge due  t o  rapid dilution of a relatively non-toxic 
l ' l ~ ~ i d .  '['he 48-h LC50 for larval brown s l i r i n~p ,  t he  i i ~ o s t  
sensitive organisrit tested in the HGOF st udirs,  w:is 
9 ,500 ppni: for  barnacles t he  96-h L,CS0 was 8 3 , 0 0 0  
ppru (Middleditch 198  1 ). 'l't~e 96-11 LC50 for tile crcstcd 
ktlenny was deterfiiit~ed t o  be 269 ,000  ppiil. 

2.3 CROWTI3 A N D  SUCCESSION 

'I'llc n ~ o s t  cotilrrion approaches to deterrrlining growth 
(01. p roduct ion)  and successional patterns o f  {.he bio- 
fouling cortlrnunily o n  northwestern Gulf o f  Mexico 
s t r~tc tures  have beer1 either t o  suspend substrates a n d  
retrieve thein at later dates (Gunter  arid (;eyer 1955 ,  
(;corge atid t'honias 1'179) o r  to  denude platforrr~ 
sul>str:ite with subsequent sampling following periods 
of recolonization (<;allaway et  al. 1979.  IIoward et  al. 
1980,  F;othcringharn 1981 ). These studies show that 
growth. o r  protlr~ction rates. ;rnd cornpositional aspects 
vary considcrahly with scason a ~ t d  dep th ,  as well as with 
location with rttspcct to distance offshore.  Fur ther ,  
George and 'fhonias (1979) ,  cornparing their  s tudy  
results with i i ~ o s e  previously reported ((hinter and  
<;eyer 1955)  for the sanie area,  indicated tha t  a t rue  
climax corilillunity n ~ a y  riot develop; i.c.. t he  system 
may he characterized hy dynamic  change as opposed 
to reaclling a static end-point.  a t  least wittiin t he  tirnc 
period under consideration. 

Folrling orgd~ilsrils were allowed to  co !on~ /e  for  dn U:I- 

~ p c i i f l c d  60-ddy period on test  panels (1 7 4  crn') ?he \ e  
pai.,eIs were placed a t  seven depths  ( s u r f a ~ e  to 8 5 111) 

beneath a  nearshare platfor111 in Lotll?~ana waters 
i(;e:>rgc ~ n d  Tlicmas 1979). Total bromass on t h c s i  
plates at re t r~ccai  ranged f rom 4.150 g/rn2 at t h e  surface 
l u  1,740 %/m2 at the bo t rom.  ~ n d l c a t ~ n g  ne t  average 
p r o d u c r ~ o n  rates of b 9 t o  29 g /m2/da>  A t  t h e  curface, 



harnaclcs. h ryo toa r~s ,  and alp:!c ivere tile d o ~ ~ t i n a n t s ,  2nd 
barilacles conlprised 40'; o f  ttle l1ic>1nass. At  d c p t i ~ s  i)f' 

1 .X an3  3.7 111. barnacles coinpriscii it1 c\cc'ss o!'bO' ' of 
t h e  biomass and the  next  rnust ahurtdant f 'or~n ~ ~ 3 s  
uarlttiici crohs. f-rorn .5.5 in to tfrt2 h o t  torn, I)ryort,ans 
and  hydroids werc tlic rnosr : i l>unJnl~t org;inis~rls OII  the  
plates and nlost o f  tht: I)arrtaclcs col lcc tc~l  were ilcad. 

Fothcrir~gl-ian~ ( 1  08 1 > reported Lhu r c l ~ t i \  c ~-ornpo\ltic\rI 
ot the  early co lo r i i / c~ \  01 protcctr.ci J I I ~  ~tripn,tccicd 
tfenuded aic'rs 'it \a r lou\  ticptll\ o n  I3(;OI \tiucturris 
cIitnnp 1076-1'177 I h c w  c \ p e r i n ~ c n i s  n e r C  cori~luotctl 
f o r  sunirner-tdll pcriotfs, (ib d q s ,  July-5cptt'rnbr.r 1')70), 
f ~ l l - w i n t e r  ( 9 0  tl,tys~ Scptenl l~cr  1970-l ,11lrt~rq l k j 7  .) 
tall-spring ( 1  5 6  t1,tys. Scptciiiher 107t)-X1,rrch tLi77) . ~ n d  
winter-spring (16 clays, J,%nu,lry-M'irch 1077) .  1 ctllol\.inp 
t h e  56-(lap colonicatlon pcr~ctd '11 ,i Is-in dcptlt duzlnp 
sutrirner t.111, sponges, tipdrulds. diitl ttlc crcct  l)ryoco,lrt 
Suvrgn blcllu lu fo t~ t i  cilverurl r11ott 01 the  <,dr~iplc ciuddrcrt~.  
dlthougki sonlc 18' oi tltc q r ~ ~ t i r ~ i l .  rc~n,~irted uncolo- 
n i t ed  iqollouing "0 ri,i)r.; ctt colortic,~tic>n ~ f t ~ ~  tlie 
srlhstrdtes werc clcdtit.ii i n  Scpter l~hcr  l t )7O, grecn ,ilg,ie. 
tlydroids, '~ncl \punyes wcrc thc. V I \ L I , ~  t l on~ in ,~n t s  o n  t!ltl 
unprotcclctl  cju.idr'its c ~ t  whlctr only 4 : o t  tlic or~gin<illq 
clcancd 'irc,i rcii~,iincd uncoloni/rt i  hy ,my m,ccroxoplo 
to rn ) .  In  coritrdst, sornc 3 8 ' ,  ot tile prc)tcctcii ( c ~ g ~ . d )  
q u a d r ~ t 5  rcmil~ncd h,brc .iftcr t t t ~ s  YO-d,ry p~brloct w i t l ~  
o n l y  an ascidlan (4O'i) , ~ n d  Sa~slgri vt-lla l ~ ~ l o t r f ~  j 10' t )  

,ippe.mng ver y !,~lcccast ul.  5111dll t rarn~clcs  H crc rcprc- 
sentctf, but  riot ,lbttndani ( r i ~ ~ ~ x i n n u ~ t i  cowrape w'is ~ b o t r t  
"7:; o t  t he  sarnple ilrca) 

Qu.lc!rat\ cleaned In Scy~tc~nL)cr anti .illowetl t o  co lo r i~ l c  
fu r  150 (fays ivere sr~rriletr t o  tl1c)sc a l lo~rc t i  to  c o l o n ~ / c  
f o r  90 days. Ikic\c ( j ~ ~ d i l r ~ t ~ ,  kiowevt>r, were chdrac- 
t e r i ~ c d  by dn incredsed abrlnddncc ot red algae o n  tlic 
uncagcd yudtlrats driti of tile cncrustlng hryoc-oan 
IJnrusnlztttnu t ~ i ~ p i n o ~ u  a t  15-111 depth\  111 1)uth c~geci  
a n d  uncaged quadrats ( i~ot f ier~nghdrn 108 1). 

Cleaned quadrdls wcrc illlowcd t o  coloni re  fur 40 days 
dur ing January to Mdrcli 1077 and  had littic develop- 
men t ,  Bare substrate. o r  uncoloni ted  area, cornpnied 
t ron l  42'1; t o  93': ol  the  s a n ~ p l c  ( j ~ d d r d t 5  t;rc'cn digdc 
a n d  hydmids  werc tile most sricccs~ful of t he  early 
caloni7ers. 

R e c o l o n i ~ a t ~ o r i  studies u c r c  contrnued in tllc UfxOf- 
dur ing 1077-1978 ((,allaway ct al. 1979)  and  1978-1979 
(I-Ioward e t  dl IVHO), but t he  cn~phas l r  \ ; ~ d s  o n  net 
product ion  2nd grow t!: I n  Gallsway c! 21 'c (1 c)7t)) 
investigations. substrates near t h e  surface  werc clcdned 
a t  two  separate structures dunng  surnrrier 197 7 and 
t h e n  allowed t o  c o l o n x e  to r  90 days  (surrimer tu t'ill) 
a n d  180 days  ( s u n l m e ~  t o  winter). I h e  s u b ~ t r a t c  cleaned 

iitirii!g suinrilcr ,ind Iidrvestcd iii fall was again 2 1 a r ~ e ~ t e d  
in ivinLcr. l l lc nut jlroductiorl rate for su~nlnt r - to- fa l l  
ivas 77 &iti-,:duy; su~ l~m~i ' - t o -win t t ' r  production was 
0 2  g / n ~ ' / d ~ y .  J I I ~  S311 to winter protluction was 1b 

y/~nz!d;~y. t:\-ct'pt for ltle fall-to-wiritcr ratc.  most of 
t h e  production (:tt,out !I()'',') was contributed by the  
1~:irri;tclc l?i11(11111.~ <~rt~plzirritc-. For tlic S i ~ i l - ~ o - ~ i ~ ~ t e s  
i'eriotf, tile i11;rt component was cslirnatcd t o  11avc 
c t f l l t r ih~i ted  75': o f  tile iota1 net p r o d ~ c t i o t i .  

(;ross prod~ictirrti lliisc~l u lwn  scasonal changes in 
s1:crttiing s tock hiomass o n  ;I k$(;01; structure was csti- 
rnated a t  three d c p t i ~ s  ((;;illaway cl al. 1Y7!3). Using 
these data.  wc t'stiliiatcd that ne t  production rarlgetl 
t'rorn 29 to .?'I g/ill"dny rct tlic s~rr face .  36 t o  8 5  &/In2/ 
dity at ntid-~lcpths (ahout !I ni) ailti 4 g / rn2j  day at  tllc 
1)ottolii ( 1  8 HI). ' i ' l~ese ti:tta i r~d ica t c  tha t  production 
estiru;itcs based upon rcculonization o f  cleancd su1)- 
strates pro\~al, ly ovcresticnate pruductiorl wllicll occurs 
once init i i~l  coloniz;i t io~i h;is hcen cslablisl~cci. 

H c c o l o r ~ i c ~ ~ l t c ~ r ~  \Itrtltchs wcrc c o ~ l t ~ n u e r l  In llic I.1C;OI. 
t l u r ~ n g  1')7h I1J7Q. w ~ t h  prodttctlon rates c\trtndtcd for 
vdrious structurui a t  dcptl ts  of I I C J I - $ U T ~ ~ C C .  3 111, 5 111. 

'incl X iu ( I  lt>w,lrcl r t  a1 1'980). Scdson,il product~or i  rLctcs 
ilt tltc ~ u r f ~ ~ c e  tor  fotir 9 0 - c i ~ y  periods start ing in  spring 
Here dbcrrrt 40, 6 5 ,  !O ,lnd 1 p/rrrZ,'ddp. compared Lo 
~ t ) o t r t  10, 40. 1 dnd I g / n ~ ~ / t l d ~  dt  3 1x1. 2.  15, 8 I I I I ~  9 

2 g/tn /day d l  5 111, and  5 ,  11, 2 ,  , ~ n d  1 g /m2/ddy 'it 8 m 
depths ,  f-or whatra te  xiear the  S I I ~ ~ J L ' C  alluwecl t o  coio- 
rlice for  , lbout 180 ~l'iys, t h e  cs t l~r la t rd  production rates 
wcrcb 100 g/nj2/ddy for sur~ttner-lo-wlntcr ilnd 5 gjrn2/ 
ti'ty tor winter-to-cuiit~ner Most ot t he  observcd pro- 
duct ton  wds d l tnbuiablc  to bar~lac lcs  cxccpt  dunng  
ctild se'rwns when tire lrldt c ~ ~ l t n l t ~ n ~ t y  f louns l~cd ,  A:, 
rncntioncd above, it was co~nrlronly obscrvcd tha t  l tx  
s111dl1 dcorn barndele l3ulutru\ utrzpl!itnie set lust, but  
wils typ~cdl ly  overgrown by t h e  Liter-setting large harnd- 
clc,  /lolutra.r tintltznub?dlrrt?/, uhich wds tflc l iorr~rr~d~lf 
I)arr~acle o n  13COIs structures. 

IIowarci c t  dl (1980) also rej)orIcd winter-spring pro 
tluctlon cstlrnntc+s by aclcctutf rndt ~ o n i p o n c n t s  the  
h y d r o ~ d  luhn!unu crotcu artd tile I~ryoectdn AupEu 
rrrrttlnu I ~ o r  t i ~ c  t i y d r ~ i ~ d ,  regrowth of an  average stall. 
c 1 r p p ~ d  to  '~linuldie grating was csli i~latdd 1.0 Y 
p/ildy !%hereds an  unct~tn,tged stslketi rncrcased blorndss 
a t  d rdte o t  4.2 x I O->g/ddy. 1% typical colony conslstcd 
o f  dboul. 500 stalks. I h c  b r y o ~ o a n  investigated increased 
in cu lon~a l  b~ornass  at  d rate of 2.4 g/ni2/day If all t he  
a h o ~ c  ~c crtstrlJzrcd rsnz CdI?  cuncludc lhat a new pldt- 
forln placed in the ('od-ildl Lone c~ in  attain cfirndx levels 
of t o i a l  biofiiullng i-jiornasb 1x1 183 days. o r  less depend- 
ing  upon tlie t ~ r i ~ c  of ye'ir t h e  s t ruc ture  1s inltialfy 
r)laccd down .  



'I'hc cf'fccls of' producrd ~vatcr tliscirargcs o r 1  produclioi~ 
rates and  successionai pnttcrns have been reported by 
(-;allaway ct. al. ( I  O:L)), ilvwartl ct 231. ( 1  080). (;allaway 
ct al. i 1981 a, bj, :inti <;allaway (l!)Xl). I'roduccd water 
aPParc:~ltly retartls proiiirction (particularly of barnn- 
cl@s). but tlre tictrinlcnt;il ct'iccts appear limited to an 
area witftirl a f c ~ v  c~ttlic ~nctcrs of the discb;Lrge ((;atla- 
way e t  al. (1'18 la).  Ar\iiditional cvidcncc in thcsc studies 
ind ica tc  that outsiclc tile iirlnictiiatc area o f  detrirrlcntal 
ilnl)act,  !>rotlucrjon ra1t.s o f  tlic hiofouling corninunity 
benea th  soclt tliscltargcs were 111;trkccily hipl~er than rates 
ol,sorvcti ;1t similar dcl?llls on control strttcturcs. 

2.4  CONCEPTUAL MODELS A N D  SYSTEM 
PROCESSES 

clcplctctl 111 Iaigurc X blrows cll'rey elilti/c)r rll ,~tcri~~l f o w b  

(solid &trris\+s) t>ut 1 1  ,tlso b h c s  Iratu 'iccor!nl ttrc ind/or 

provide Illore habitat for cryptic species such as blennies 
tlian low relief habitats). Further exainples of the  latter 
relationship would include high aiiiphipod densities 
associated wit11 pronounced hydroid and bryozoan 
devclop~nent in contrast to  high brittle star densities 
rrsually associated with rrlarkcd sponge domiuance. 

Aside from in situ production, the fouling flora and 
fauna are recruited froin outside the system, rnainly 
from planktonic larval stages. ?'hese forrns exit the 
sys tc~r~  ;IS particulates when they are sloughed frorn the 
substraturn into the water column where they begin 
sinking as they are transported away from tile platfor~ns 
1)y currents. 

'l'hc f o ~ ~ l i n g  feeders exllibit varying degrees of residency 
and many move into and out of the systerri seasonally. 
For esanrple, slleepshead are generally permanent 
resicicllts at a particular structure, each habitat typically 
colonized at or near carrying capacity early in the  spring. 
1)cpencling upon natural fishing rnortalit)~, the  shceps- 
head population declines tlntil the  next spring, when 
large nutnbers of spawning adults aggregate around the 
platfornls. Ai'ter spawning, the available habitat is filled, 
and the t~alance of niigratory spawners leave the  system. 

Other grazers on the fouling cornrriunity, including Inany 
of thc colorful tropical species, occupy platfornls sited 
in tclnperate clirnatic zones during the sulnnier scason, 
but desert these habitats (or perish) at the onset of  
culder seasons. Still others-like the blennies, spend their 
enlire life cycle on a given structure, reproducing and 
brooding their young in the recesses provided by the  
shellccl forr~rs of the attached fauna. 

'l'lic siielled forms which are sloughed fro111 platform 
substrate fall alrr~ost directly t o  the bottom, greatly 
irillucncing the nature of the substrate and thus regula- 
iing the nat1:re of the benthic comrnt~nity which der~el- 
ops irnniediately below and around the platforms 
(Figure 8). l'lle bcn~hos  compartment includes infaunal 
(polychactes, arnphipods, etc.) as well as epifaunal 
jshri~nps, crabs, sindl fishes) forms. These cornrnunities 
lire also regulated to some degree by habitat alterations 
induced by the piatform per se (drilling cuttings, metal 
debris. etc.). 'l'he majority of the benthic biomass is 
rcpresentcd by transitory epifaunal forms and t h e  Inore 
pcrrnaneiit infauna is characterized by low biomass 
lcvcls, 

Ee:lt!~ic predators inclcde resident iorms stlch as red 
snapper ds well as seasonally abundant forms such as 
flounders and sciacnids (Atlantic croaker. silver sea- 
t r ~ ~ u t ,  sand seatrout, ztc.). Many of these forrns appear 





$0 he dliracteci by tlrc hdbltat afforded by tllc structure 
\&laerr they spend E I I I A C ~ I  of the daily cycle in d resting or 
few dctlvity nlclrfc, ifien forage out awdy fro111 these 
hab i ta t s  during frcJlng pcriucls. Most o f  the recruitment 
lo t h e  hcntl~lc-fccihng cortiponcnt con~es  fro111 outside 
Iflc systcrn, and ;r~,lrh.etl out-of-the-systcrl~ ~~ligrdtiuns drc 
C O ~ I ~ I T I U ~  

Most  ut tlip cilcrgy recluirc111crlt~ of tile filter-lecding 
fuillrnrtg faunrj rlrc prov~dcci 1))' the cont~nual  transport 
o f  phytoplnnl ton,  touplankton, and particulate crlrt)orl 
th rough  tile systcrli by cttrrcnts (1.igurc 8) I lowever, 
t h i s  lidrvcst of bir\p~.ridcd n ~ ~ l e r i a l s  Iry the fouling coin- 
~ n u i l i t y  1s offset 10 v,jrylng cicgrccs Ily tticir contribu- 
t ions ,  p,~rticul,irly hy s l o i ~ d ~ c d  ~t~rtictrlatcs \ind by the 
pruc i t i c t lo~~ o! rrrcropl,rnhton. Ific struclr!rt:s also serve 
t o  attr,lct ant1 concr.ntr,rte r>l,~rlhtlvurcs. I-os sorne 
spccics. (c.p., scatls , i ~ ~ t l  sdrtllncs) the attraction 1s only 
t r d n s ~ t o r y ,  Iwt t o r  otllcrs well as Atlantic spadcfisit, the  
a l t rac t ion  1s fnore or ICS\  ~ )c r~nar~r r i t .  BCC~ILISC 01 tile 
httg' 1111111111'r~ of p1.1nktfvor ~ t ,  dggr~g:ttvd drollrid tllc 
str tirtirrcb. t11cir corrtrif)ut~on to the, p~rticuldtc cc,iilp,trt 
urerlt i> r~c)t srr~,rIl. O n  O C C J S I O I ~ ,  the cntirc Ilottoin 
. i rou~~t i  prod~~ct ion  p I , l t f ~ ) ~ ~ n ' i  llL1\ ~ ,SCII  o b > ( ~ r v ~ d  Lo ~ J V C  

twcia I~t t r~rct l  !rit11 partt'rlly tltgrslr~tl plclopods trans- 
pr>tlrcl to  tlic 1rr)tltrrri tn sp,rdcflsl~ iccrll rri,~tc~ndl. 

I1;c I,lst i ' o r ~ ~ ~ ~ ~ t r t t ~ r c r i t  dssr)c~,rtc'il wlth lllc pl,~ttorrrl 
~ ~ ~ L l ' l l r  I5 ~<*i~tl*>('il~<'<f h)i the I J T ~ < +  [ ? ~ ~ ' < f ~ t O l b  1 i l i \  CdtC- 
gc>ry rtrc.littlc> t)ollt tr.r~ll*ie~lt J Z I ~  rcsii!cnt species, ill.lny 
t ) f  wlilclt J r Y  hrttr,r~tcstt b y  the i>rc\i3~lcc ot structure per 
sv ds cvcll as t ~ v  ttlc ,~yprcll.~tli~rl of prey sl)cclss I 11c itlost 
Ir.i~lsllc>rv t ~ f  Elrc idrpc* prcil,ilr~rs arc thc pciag1c p r c ~ i a t o ~ ~  
strcir ttrc in,tckriclb ,finti ttlilas. followcti rn Jcgrvs of 
j3CrllA~~tlCllCy I9y ~f35~311dl [v '~ t l~ tOf! ,  l l k ~  blul:!lb!l &:IOlIf)CI'b 

and ir . in~i t~rr t rc~~i~l  >Ilarh\ t o  ~)t'rit~drki~nf prcdato~s 
e;lc.ti~plil~c~ci b y  tIxc 11,lnaiittf,1. \long willi tlii- 11entl11c- 
tc .eai i~-r~ rcil vt<!ppt'r, 1 1 1 ~  1.1r.w 1tr t-tl,ilcrri rcprescnt thr  
p r i i l r e  i,irgct s j ~ c i c \  101 iiiobt I C C ~ C . I ~ I C ) I I ~ ~  t i s i ~ ~ r t r ~ e n .  

,'\ iii~tirc~ri+itr~<i! vthr\lc)il r ~ l  Lhc ct)nccj~tiial pldttorln 
c r , t ~ ~  ri'rtrnity r r i ~ r t i t  1 tIt"scr~i?~>tl dl)c)vv, i i ~ ~ ~  1x1 I . ~ ~ L I T C  8 .  
w, i~ .  ~ n i t l ~ l I \  i lc \ r l ip i+r*cf  i tv  ( rdtldw;ty and Mdrgr,tf t l"78) 
dnrf  I.tf'r'z I I I C ~ C ! ~ ~ ~ ( ' J  dli i l  i i t l )~ro~ct l  by I ticih 'inti S ~ I C ~ W  
(1 l f I t  i t  rnodcir ~ n d l c ~ t c d  I~igh 
cxch 3 1 3 ~ s  of ~ ~ t i l ~ r ~ d l ~  ~ ~ t h  ~ \ t r r o ~ i ~ ~ d i n g  cn\irc)nttien~ 
{ithvii%trs) In di:ditlt)il tit d n  c~trcniely 'r11gl1 c).iling 
t.ffieicxlcy Results o t  ltro floi+ .indlysi\ of thc I ucrh 

Siit>e ( 1 ' i s  1 1 ~ n ~ t d ~ l ,  & h i ~ f ~  nxorc d ~ ~ s ~ ~ l y  ,ippso\i- 
lrlatcs I lgtlrc 8 tfidn the C;;il!d~bdy and Mdrgraf (1978) 
Y C ~ T ~ i ~ ) ~ ~ ,  l i i~ i lca t~d  111'11 c'irh<)n cntrred PZrc systtin 
thrurtpft t i t i '  ~flytt~pldtihfctn. ~ ~ > O ~ ~ I ~ ~ I I \ ~ \ ) J I .  pla12Lt011 
fcejprs. I(tul~n!: t1or.t m t f  folilmg ht8n.i coirtpdrtnlents 
arid the. other c(~Jlfir,rrtrllixilts serve l u  c\p(irt ~ d r b ~ i : .  

'l'hc flow dynat~?ics of the folrling coinrnunity were of 
considerable interest, in that the largest carbon flow 
into this cornpartlnent was froin the  fouling flora, 
followed in magnitude by particulates and bacteria, 
zooplanktun and phytoplankton, in that order (see 
figure 5 in Fucik and Show 198 1). Flouling flora also 
provided carbon t o  fouling feeders and t o  particulates 
and bacteria, which flowed through zooplankton t o  
plankton feeders, as well as t o  fouling fauna and ben- 
thos. As a result, carbon derived from fouling flora was 
represented in the pelagic and benthic corrimunities of 
the system as well as being transferred throughout the  
foiili~ig cotnmunity. 

Most of the carbon flow froln the fouling flora to  the  
fouling fauna is likely t o  go via small. herbivorous 
grazers as opposed t o  sessile filter-feeding frorns. The 
carbon flow t o  the fouling fauna from particulates and 
bacteria in tire model exceeded that from phytoplankton 
and zooplankton. Iiydrocarbon profiles of barnacles 
indicated that they were lnainly dependent upon both 
phytoplankton and detritus (Middlediich and West 
1980). liowcver, solne 70'1, t o  8074 of tlre carbon stored 
irl the particulates, zooplankton, plankton feeders, 
benthos and benthic feeders was estirllated t o  have been 
of phytoplankton origin. By contrast, some 1 8 4  to  35%) 
of tlie carbon stored in the fouling fauna and fouling 
feeders compartments was indicated t o  have been of 
pllytoplankton origin. Ratios of  carbon (percent), which 
is stored in large predators during each of four seasons 
and wtiich originated in the phytoplankton versus 
frjuling flora conipartments, were 55;33  ; 69:26;  46:43; 
and 71:21. 

Ncf ~rriports dnd exports of  carbon from the various 
colnpartln~cnts of the BCiOI. n~otiel systeni are shown 
by bigure 9. hltho~igli the producers of the systerri 
represented d source of cdrbon, the net import-export 
wds tuI, ds the Input fro111 production wds bdldnced by 
grrlnng. Ihe planhton ieeders such as Ailalltic bpddeflsll 
were indicated to have unported by tar tlie gredtesl 
airlount of ~ d r b o n  to the system from externdl sources. 
Addrtional carbon lmports cdlne from zoopldnkton 
~ l r o d u ~ t i o n ,  and recruitment dnd production of the  
~oi l l lng fdund. I h e  drnount o f  carbon Input provided by 
lhe p l ~ n k t o n  ieeilers suggests that the fish In this 
cdtcgory arc recruited t r o ~ n  outside the system t o  
f~ldtforlns, where they remain dnd grow at a rate faster 
than thdt r t  w h ~ c h  they are lost by out  lnigratlon or t o  
otilcr externdl sources, such ds Inan, By contrast, during 
411 b u t  rhe spr~ng-surnmer perlod of heaviest recruitment, 
benthw-teeding fishes co ia~ng  t o  the pldttorrns from the  
cvterndl enmronn~ent (ndinely red sndpper) prov~ded d 

ncl carbon flow out o i  the systern ~ndlcatlng that losses 





t o  external sources exceeded attractioti rates allti platforiils ; i t tr i l~utablc l o  platfor111 c o m m u r ~ i l y  pro- 
growth. Stuciies of t h e  platf'orn~-assocsatcd, benthiz- cfuclivity (Brooks eI al. 1981 1, a l~ t l  by results o f  o the r  
feecling reti snapper showcd tha t  llle f low of this c a r l ~ o ~ l  s t~ id i e s  (c.g., I'arker e l  al. 1971).  
was prillrarily t o  I i u i ~ ~ a n s ,  t he  result of fishing pressure 
o n  tile species (Gallaway et  ;11. 1981a).  Export  of carbon l'articulates in ilte water c o l u ~ ~ l n  derived f rom the  
fro111 tile systerti at tr ibutal)le t o  b c n t t ~ o s  was prob;tbly t'ou!ing flora arid fauna cornpartnreiits wo~ilcl be  living 
also relatctl t o  fishirtg pressure from the  shr in~p- t rawl  cells ir~tlistinguislial~lc front bacteria. phytoplanktoi t ,  
fishery. wliich was activth in tile vicinity, as well as t o  o r  ~ o o p l a ~ ~ k t o i l  in Ltie atler~osine tripllosphate (A'I'I') 
migration of anirtlals tltrough the  s y s t e ~ l ~ .  Losses of analysis used in tlle E3C;OF field stutiies. Most o f  this 
carbon from t11c sys te t i~  t l l r o ~ ~ g h  foulirlg feeders (par- ~ t ~ a t e r i a l  is prolxibly trapped alitl/or taken up alrnost 
titularly ttlc tropical  fish connponenl) and large prcd- irrtrlicdiatcly by systcrll C O ~ I I ~ I O I ~ C I ~ ~ S  (cryptic S ~ ~ C C ~ C S ,  
a iors  (c.g., tll~tefish) prohahly rchlcctcil seasonal fouling t'eetlt:rs a t ~ t l  p l a i~k ton  feeders). T!ius. its I-eside~ice 
lnigration as well as  f isl~ing pressure o n  sorne species l inic i n  ttic watcr c o l u ~ ~ l n  is shor t ,  as i s  tire d i s t a~ lce  
(c.g., s1tce~)shcacl. l);rrr;tctttla, iind ~irackcrcl). At  least tha t  the lriateriai is t s a~~spor t e t i ,  indicating a Iligll cyciing 
9 j ,:, or  rrtc)ie o i  the rtt,tteri'il\ 111 dl1 ~ o ~ r t p ~ i  t t~ t en l s  ut c l t ~ ~ l e x t ~ y  tor the  systeirl ((;dlldway ,urtl Xldtgraf 1978,  
the stored r t ld te t~~i l  e x p o ~ t e i l  fro111 t h e  t$(;Of. sys1e111 1.trclk dnd Show 198 1 ) 
cvitccl tlirougli Idrge prcti,ilors ( I ' u ~ l k  . t~ td  Sllow I1lh'i 

I t ~ e  Inajor ~ o n t r l b u t i o n  ol the  f + u ~ l k  d r ~ d  Show (1981)  
i 'arl ict~li~tc r~l;ltcrlal was also ~ t ~ ~ i i c a t c c i  to I)c a ~ t ~ ; i j o r  model of a ~,latf'orin ecosystetn was t h e  detcrn~ir~at ic tn  
expor ter  of carirori frotti i l ~ c  U ( ; O i ;  sys l r~t t  (t:lgkrrc 9 ) .  of the i l t~por tance  o f  t h e  foul i~lg  ilo1.a with respect t o  
I n  llte current 1rrotlt.1 ~1rt1clur.c. t i~os l  of ~ l i c  w i t l ~ i ~ l -  c;~rl,ori !'lows irl a p l a t f ~ ) r ~ ~ t  ec~)syste111. 'Yheir results 
systt 't~l fla\v t o  17;rrticulalcs ci1111c I'rortf. ~~ Ia t ik to t i  ScetIers also irltlicate a liigll degree of internal cyclir~g of rnaie- 
;tlrd r .ooplairkio~l,  S I I ~ ) J ) ~ C I ~ I C I I ~ C ~  I>y I C S S ~ S  ; I I I ~ O L ~ I I ~ ~  01 r-ials i l l  llte system as Gallaway anti Margraf (1978)  
rt~aterials from t11c foii l i~tg C O I I I I I I ~ I ~ ~ ~ Y  ; I I I L ~  p l ~ y i o -  suggcslecj. 'i'lle 1981 irtodel of f:ticik anti Show i ~ ~ d i c a t e d  
p l a ~ i h t o ~ ~ .  kivct~ Ihc)uglt tllc flows ot particu1al.c c i i r l~o r~  111;11 slightly Itlore carbon was contributetl to t h e  

or' r~orlliving ri;ittrrr'. \vaters st)~~rst,untli~l:: 111;itt':)rllrs were iireas, suggestit~g tllat platfornls result in an incrclise in 
riot i , i~asacts r i~ , t :~ i  by scl;~iive insrcascs i t r  IIOII-ccliular protiltctivily of a region. 
17artictrl;itc organic carl)orr i t t ir ib~ita t)Le t o  I l ~ c  I+(;C)I:  
sysier~l.  'l'liis cotltcl Ii;ivi. b c < L ~ ~  tlrrc lo r a ~ i t l  clii!ltio~i c)t  B;~scd tiporl r'si~lts of fieltl stutlies as ~vel l  ns si~rlulatiuns 
s u c i ~  ~rlalcri;il!, l)y i i t i vcc t i c~~~  anti ~rt ixing proccsscs. l l ~ i t  I'rorlr I>oth of t h e  ~ r ~ o d c l s ,  ~ ~ p t a k e  of contarninar~ts  t'roln 
a Illore likely cxl>lanat io i~  is tlr;~i I11c 111aji)rity 01' {t lc j>l;iil'orn~ disclrargcs al>pcars litltiled. in large part ,  t o  llie 
~ ~ o n - c e l l i ~ l a ~  p;lr~ticttl;ttes wcrt. t s ; ~ ~ ~ s p o r t c d  cfircc.lly t t )  t ' o ~ ~ l i ~ i g  c o ~ r l ~ ~ t u r i i t y  (c.g., foul i~lg  nliit. barnacles, hien- 
the b o t l o ~ t i  sediiti~:nt. '['his jlren~isc is strpportetl by rlics. and ?;lice~)shcatl). liven wltliirt thesc organisn~s .  
t1ircc.t ot~scrvatioli  of  r\ l l ;~~ll i i :  sp;iilt'fisii feeill rr~atcri ;~l  Icvcls of cc~nta~nir ia i ion  were low.  with n o  eviticnce of 
wiiiel~, is scasortaiiy abuz~tl;~ti t  i l l  I~crlttlic grill) sar~tples. iiny l~ionccurilulation Ily a n y  species (Callaway ct  al .  
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VALUE OF PLATFORM ECOSYSTEMS TO MAN 

Petroleum platforills in thi. nortliern Gulf of Mexico 
(and in riiost other locations) constitute unusual environ- 
ments co~npared to the surrounding waters and soft 
bottoms into which thc17 are often enlbedded. 'T'liey may 
be considered "islands" with varying degrees of insu- 
larity depending upon their size and distarlcc fro111 other 
"islands." If surrounded by soft hottorn, they may alter 
t h e  abundance of  local fauna within their imlnediate 
vicinity; bu t  given the ratio between thc  area wllicli 
might be  affectcd and the relatively undisturbed benthos 
lying some distance from tlleni, this alteration ~riust be 
consiciercd ~ninor .  Thus, niucli soft bottonl is probably 
unaffected by platforms. On Ltie other Iiand, platforn~s 
provide habitat for species which wolrld not  x~orlrialljl bc 
there were it not for the  solid substrate offered by 
t h e  platforn~s. Surne of these species are of direct 
econotnic and recreational interest. 

overesp lo i ta i io~~,  given the  rate of illcreases of recrea- 
tional fishing. The Gulf of Mexico Fishery Management 
('ouncil (1 980) suggested that red snapper stocks were 
overfished in some areas, a corldition directly attri- 
hutable t o  the recreational fishery as opposed t o  c o ~ n -  
rr~ercial fishery. Prelirilinary rindyses of catch-effort data 
f'or reil snapper led us t o  suspect that this might also 
havc been the case in the northwestern Gulf of Mexico 
(Gallaw~ty et 31. 1981a). W e  now believe, however, from 
new evidence tliat the commercial declines in red snap- 
per fisheries are probably unrelated t o  recreational 
overlr;irvest of pre-adult fish at oil platforlns. We suspect 
that  the high levels of sniall fish at Texas and Louisiana 
productiorl platfor~ns which are heavily fished result 
from a currently unexploited and perhaps stable stock of 
adults occurring over soft bo t to~ns .  

3.1 FISHERIES 

When one thinks of platforms, fishing irn~necliatcly 
conies to niind. I'latfortiis act as rluclei f'or comtr1ercial 
and sport fishermen who return frequently because 
fishing is better there than over soft bottoni.  Platform 
personnel frequently fish during off-d~lty ho l l r~ .  hlany 
species of fish linger near platforms including tllose 
without trophic deperidence upon them. 'l'his effect. has 
been exploited in many other areas of the world, where 
artificial reefs or floating rafts have heen installed 
specifically to  enhance fishing (see Steirr>lc and Stone 
1073). 'The north central Gulf of Mexico has not had the 
stimulus t o  install such structures since platfor~ns serve 
this f~tnct ion adnlirably. The platfortns are fished by 
anglers and spear fishernlen alike. Typical s!?ecics caught 
at  the platfor~ns include resident fish as well as those 
pelagic forms telnporarily a ttractcd t o  them. 

Fish populations around platforms in the  northern C;ulf 
have been described in several studies (c.g.. Shinn 1974, 
Sonnier e t  al. 1976, Hastings et al. 1976, Jackson et al. 
1978. and Gallaway and Martin 1980). Many species 
are found only around pctroleu~n platforms and natural 
reefs in the northern Gulf and include several groupers 
and other fish of economic value. For species such as 
these, availability of natural habitat ruay be a lirniting 
factor. with artificial reefs allowing for  popillation 
expansion and a larger fishery. 

'r'lle platforrils in the northern Gulf of Mexico provide 
recreation to fishermen and scuba divers. 'l'heir use for 
diving is largely for spearfishing as  there are few other 
sitcs of interest to  divers within easy reach of the shore. 
This use  nus st be considered minor, however, since the 
advent of  low-cost airfares t o  Caribbean destinations has 
rernoved ~ t ~ u c h  of the appeal of platform diving. Results 
of recreational fisheries surveys by Ditton and Graefe 
(1978) in the nortl~weslern Gulf of Mexico's Wouston- 
Galveston area indicated tliat only one-third of the 
boating population was saltwater f i s h e r ~ n e ~ ~  and orily 5 5  
fished offshore. Ifowever, oil arid gas structures attracted 
more fishing than any other structure, natural o r  artifi- 
cial (87V of the boats and 50% of all offshore recrea- 
tional fisliing effort were directly associated with oil 
and gas platforms). Offshore fishermen were estimated 
t o  have contributed over five million dollars t o  the local 
econortiy. 

Between 1955 and 1975, participation in saltwater sport 
fishing in the United States increased 3.5 times iind 
related expenditures grew sevenfold (Texas >"rM Uni- 
versity 1980). Increases in offshore recreational fishing 
have occurred since that period and this increase was 
attributed to  the  establisiirnent of affsllore drilling 
platforms. 

3.3 OTHER USES 

The aggregation of fishes at production platfornis I'lalforrns in the  nortilern Gulf of Mexico niay have 
increases exploitation rates, conceivably t o  t h e  point of scientific uses which have barely begun to he  realized. 



Much research is currently underway by biologists 
interested in the practical applications of  island theory, 
the body of knowledge dealing with populations isolatcd 
fro111 one another by geographic harriers. One reason for 
this interest is that the  natural habitats of lriany rare or 
endangered specics are rapidly being modified by hunian 
activities. When a canal, for ex;~rnplc., divides a forcst 
into sections, tliosc species unable to cross the canal are 
suddenly isolated into separate populations. If the 
population in any onc scction o f  t l ~ c  forcst is incapable 
of  breeding clue to  a shortagc of ~na lcs  or fc.rn:llcs. o r  
because of  sniall population sizc, tilat pop~11;ltioii rnay 
beco~ne  extinct. 'l'he srri;iller the  island o ~ .  the gretrtcr tile 
isolation, the  higher t h e  extirlction rate (hlac/\rthur. and 
Wilson 1067). C:onversely, islands can favor ttic flow o f  
organisms froni one location to another, acting as 
stepping stoncs. Since early colonization patterns seer11 
subject t o  chance factors. ant-1 I~ecause early scttlers nlay 
ri~onopolize space (founders' effect), differences 
between platfortrls and parts of platforn~s offer unp;rral- 
leled opportunities for studying this situation in 111arinc. 
systclns. l'etroleum platforms act as stepping stoncs. 
serving as refugcs for planktonic larvae and othcr settling 
specics which otllcrwisc ~iiiglit not be able to  establish 
thcinsclvcs in the ( i~i l f  of Mexico. 'l'he Mediterranean 
l ~ r r t a c l e  I~ec;~lnc prol~linent only in recent years I~ecausc 
of incrcasetl suitul~lc substrate provided hy platforins. 
'I ' t~e l ) l a~~kton ic  larvae o f  inany species have lili~ited 
arnounts of tirnc t o  rcrnain in thc water coluni~t,  aftcxr 
which they  nus st settle anti nletar~~orp!iosc. I;intiing 
;~pprr)priate h;ll)if;~t is crucial for ttiosc orgi~nisllrs. 'I'lic 
a l ~ u n t l i i ~ ~ c ~ '  01' ~ ~ l a l f o t ~ n ~ s  it1 tllc (;11lf of Mexico provides 
ortfcrs of' ritagriit udc rnorc opportrirlity for Iarvtll settle- 
rnc~it tt~nli is naturally avail:iI~lt: duc to  the paucity of 
hard sut~stratc in t l ~ c  nortti~:rn (;uli'. 'I'hc i~~vcstigatict~r of 
thesc islarltf effc*cls 111iiy iricrt'as~ scicntists' ~ ~ ~ ~ d e r s t a n d -  
ing of seiui-isoiatcd poprilations and coloni~crs .  

In addition t o  the  study i i i ' is iand theory and genetics of 
founding populations, platiorins are a practical environ- 
ment for conducting rnarine science. ' i l ~ e y  are located in 
a wide variety of places where ships would normally 
sample; they often have complete living facilities, but 
do not have some of the obvious disadvantages of ships: 
linlited electrical power, cramped quarters, insufficient 
deck space, seasickness, and rocking. I'lanktouic 
sa~~rp l ing  with nets o r  pumps, for exa~nple,  may be done 
simply by hanging gear from the side whenever there is 
a current. Benthic sampling can be perforrned in shallow 
water during good weather from small boats launched 
horr~ the platl'orllis, l 'he opportunities are l i~ni ted only 
by  iiritlginatioil and funding. 

3.4 FATE OF PL,ATFOKM ECOSYSTEMS 

Now the offshore petroleurl~ industry is mandated by 
regulation to remove platforins once production has 
ceased. Not o ~ i l y  is a valuable biological resource thus 
lost by this practice, but the cost of removal rriay run  
into   nil lions of dollars. I h e  ultimate environlnental and 
econolnic impacts of rernoving all o r  inost of these 
structures o r  platforms from the  Gulf of Mexico are u n -  
known, but can easily be envisioned as being strongly 
detrinierital. 

At  some point, refurbishing of platforins rnigllt be 
cconotnical for industry, but now it is more economical 
to desert offshore structures, allowing thein t o  be used 
for other purposes. In at least one instance. industry 
Jolliited a11 offshore platform t o  ri Stale goverrlrnent for 
use as an artificial reef. 'fhere is considerable evidence 
that industry would cooperate with responsible pro- 
posals fro111 groups willing ti7 Lissunie ownership and the  
responsibility of  maintaining offshore structures. 



MANAGEMENT IMPLICATIONS AND RECOMMENLlAT1ONS 

Ass11111ing that il!.ii~.Oi31.!7011 I ~ r o d ~ c t i o ~ ~  fro111 a given 
17latfor1n averages about 40 years and that this period 
will not bi. ni~zch cutendctj d u e  t o  exploitillg deeper 
reserves. the entirety of  the preserltly estimated 3,100 
offshore petrolcurn platforms would be rernoved by thc 
year 2020 ,  with as ~ n a n y  as 300 t o  400 removed by the 
mid- t o  late 1080's. Although without  expellsive main- 
t e ~ l a ~ i c e  petrolcurn structures can rapidly deteriorate t o  
an unsafe condition as well as  become Inore of a navi- 
gational hazard. they d o  represent insular, reef eco- 
systerrrs wt1ic11 in all likelihood increase the productivity 
of a givcn region. These structures aggregate species 
which servc as the basis for a recreational fishery that is 
rapidly expanding and has an ever-increasing economic 
value. 7'hc value of the petroleurl~ platform resource in 
the northwestern Gulf of Mcxico should be recognized, 
ant1 legal restrictions (e.g.. rcrnoval) that may prevent 
the continued usc of the structure as reefs should he 
closely cualnined. At the ~ n i n i l n u n ~ ,  a clear under- 
standing of thc ecological, social, and econornic ralni- 
fications of large-scale platform removals should be 
deterrnincd. 

As indicated in thr  introductory Literature review 
section. two studies are in progress which, when com- 
pleted. will docurnent present recreational arid com- 
~nercial usc levels of the petroletlin platform reef 
resource considering such factors as location, distance 
fro111 shore, deptll anti ty pc of  biological assemblage 
represented. Ilistorically, thc emphasis with regard t o  
placement of artificial reefs (or in this case preservation) 
has been primarily based upon social considerations, i.e., 

t o  ~llaui~rlize utill/;ttion and Il;~rvest of the associated 
biological resources. In the future. ecological considera- 
tions should receive equal ~ r i ~ p h a s i s  hecause tlie two are 
strongly related in supply-demand fashion. Designated 
preservation of a patchwork of p o u p s  of platforms 
located at different ~ieptlls across the northwestern Gulf 
o f  Mexico, with each group having an assigned type of 
use which could also be regulated hp seaso~lal openings 
and closures, ~lright be an appropriltte first step toward 
lnanagernent of this resource. 'l'his would be particularly 
effective if monitoring studies were designed to evaluate 
the effectiveness of different ~nanagement strategies. 

Regardless of the rnanagelnent approach which might be 
chosen, the p ~ ~ b l i c ,  andlor government, should accept 
the responsibility of n~aintaining and preserving this 
resource --a cost which Jias heen borne t o  date by indus- 
try at n o  direct cost t o  eilller the primary users o r  others 
who economically benefit fro111 this resource. Studies 
and research should be initiated to  determine tlie 
l o c a t i o ~ ~  and number of platforms which should be 
preserved to optin1iz.e utilization of the petroleurn reef 
resource, considering both fisheries management and 
economic factors. A standard procedure should be 
developed allowing the transfer of liability for the 
structures fro111 induslry t o  government, thus enabling 
timely conversion of ohsolete oil and gas production 
platforms to artificial reefs. 
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