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RE-EXAMINATION OF 
THE OFFSHORE ECOLOGY INVESTIGATION 

by M. E. Bender, D. J ,  Reish, and C. H. Ward 

CRITIQUE O F  T H E  OEI EXPERIMENTAL RATIONALE AND DESIGN 

The objective of the OEI, according to Sharp and Appan (1978), 
was "to determine whether long-term and intensive petroleum drilling 
and production has resulted in harmful environmental or ecological 
effects in offshore and adjacent estuarine ecosystems." They also state 
that "because the objective emphasized cumulative effects, it [the OEI] 
was concerned principally with the effects of chronic low-level discharges 
of petroleum hydrocarbons, heavy metals, and the like, which might be 
attributed to drilling and production operations." 

The experimental logic and design used to accomplish this objective 
included: (1) point source discharge (local impact) evaluations based on 
data sets taken synoptically at active platform "experimental" sites and 
at "control" sites, both in Timbalier Bay and offshore Louisiana; (2) 
dispersed source discharge (general ecosystem health) evaluations based 
on comparisons of OEI data with that from similar ecosystems and 
historical data considered applicable to the OEI study sites; and (3) 
system dynamics evaluations by (a) relating habitat parameters to 
principal driving forces such as tides, Mississippi River influences, etc., 
(b) sampling four roughly parallel synoptic transects generally per- 
pendicular and "upstream" from the platform and control sites offshore 
and remote from intensive petroleum production activities, and (c) 
determination of exchange processes between bay and offshore areas by 
sampling a connecting 25-mile transect. 
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Since they lacked comprehensive pre-drilling ecological baselines and 
had only general descriptive information regarding current systems, 
biomes, variabilities, etc., the 1972 logic and rationale employed for the 
OEI appeared, at the time, to be the soundest approach possible. In this 
re-examination of the OEI, however, it became apparent that either the 
point source studies based on platform-control site comparisons were an 
unproductive approach (for the objectives as specified), or the control 
sites, particularly offshore, were not appropriate to implement the ap- 
proach effectively. 

The experimental logic and design failed to include the concept of 
"qualification" of control sites based on specific parameters to be 
measured. In other words, the experimental design failed to validate the 
"criteria" used in selecting control sites. The logic was to compare 
platform sites (point sources) with control sites unaffected by oil drilling 
and production operations as a basis for judging impacts of "chronic 
low-level discharges of petroleum hydrocarbons" (Sharp and Appan 
1978). However, the data collected by Oppenheimer et al, (1974) and by 
Laseter and Ledet (1974) strongly suggest that petroleum hydrocarbon 
levels were not significantly different at platform and control sites. 
Oppenheimer's group chose not to speculate on the origin of the 
petroleum-derived hydrocarbons found in the Gulf of Mexico, but 
stressed that "the OEI study areas do not differ appreciably in 
hydrocarbon concentrations or types relative to non-production 'Gulf' 
control areas several hundred miles from the study sites." They also 
state, "Based on all evidence it would appear that the nearshore Gulf of 
Mexico is uniformly exposed to hydrocarbons which probably are derived 
from petroleum and partially degraded remnants of the parent mixture 
can be found in seawater and associated with marine plankton and other 
organisms." The data of Laseter and Ledet do not contradict these 
conclusions. However, Brent et al. (1974) felt that their "offshore in- 
vestigations revealed [total] organic carbon loading of the marine system 
from operating platforms and wells ranging from 2-4 mg/l above 
background levels. The effects usually extend some 800 to 1600 m from 
the platform.'' They also felt that the "offshore area near Grand Isle, 
Louisiana is one of the most organic rich ecosystems in the world of its 
type, quite atypical of an 'open' continental shelf region." Because of 
the naturally high organic load and its effects on oxygen resources, they 
warned that "vigilance should be maintained in minimizing effects from 
oil platform effluents and operational spills because of the instability of 
this ecosystem during spring and summer months." Brent's methods did 
not allow him to differentiate among petroleum hydrocarbons, other 
hydrocarbons, and total organic carbon. 

The OEI data do not support a conclusion of "no effect" where the 
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validity of the comparisons between platform and control sites is 
dependent on there being a difference in hydrocarbons present. Rather, it 
appears that most of the OEI data were collected from the same 
"population" and should be expected to be the same within statistical 
errors of sampling. In addition, great temporal and spatial variability of 
data on specific species, coupled with the probability of the Gulf being 
"completely mixed" with reference to hydrocarbon content, probably 
prohibits utilization of classical experimental versus control design 
concepts. 

Several investigators firmly state that no evidence was found to 
indicate oil drilling and production kffects. However, many directly or 
indirectly agree with Marum (1974) (who worked on zooplankton) that 
"variability of the results was high. Since the area is one of extreme 
environmental fluctuations, temporary pollution damage, if it occurred, 
would be difficult to detect." We believe that a conclusion of no effect 
must be followed by the question "Was the experimental design, quantity 
of data, and quality of data adequate to detect an effect if present?" The 
answer for much of the OEI is, we believe, no. However, we believe also 
that it is probably unreasonable to expect that the limited data-gathering 
effort of the OEI could generate the information required definitively to 
detect low-level effects of oil, which, by definition, must be minimal. 

Other investigators appear to  have found effects of oil drilling or 
production, regardless of whether they chose to discount them or felt 
that their findings did not indicate adverse effects on the general health 
of the Gulf. Perry (1974) found with reference to fish that "the offshore 
production site had the lowest biomass value and the lowest species 
diversity." He felt that this finding was "symptomatic of an adverse 
effect caused by the discharge of drilling mud solutions which form a 
hard crust on the bottom to the detriment of the infauna. . . . This lack 
of numbers of bottom fishes [near production platforms] is strongly 
believed to be influenced by the lack of bottom-dwelling, burrowing type 
invertebrates which these fishes feed on. . . . The invertebrate section of 
this study has indeed found this to  be the case. This apparently is the 
result of the overboard discharge of large amounts of drilling mud 
solutions. . . . In lease tracts with heavy drilling pressure such a situation 
could become detrimental to the welfare of a considerable amount of 
viable offshore bottomland for a considerable time." 

Montalvo and Brady (1974) found that "zinc, lead, and cadmium [in 
water samples] are higher near the rig sites than at areas remote from the 
rig sites." They considered the limited density of samples at platform 
and control sites and the lack of trace metal and sediment analyses 
serious deficiencies in experimental design. Their studies did not establish 
cause-effect relationships, but they felt that they had "obtained some 
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data that indicates that there is at least a possibility of danger [from Zn, 
Pb, and Cd concentrations at the rigs]." 

Fish et al. (1974), with reference to the meiofauna of Timbalier Bay, 
felt that "those stations located near active oil production sites con- 
sistently yielded a lower calculated species diversity index than did their 
corresponding control sites. As the only observable difference in each 
pair of stations was their proximity to active oil wells, the above data 
indicates that the environmental stress that was recorded for these en- 
vironments may have been caused by the nearby active oil production 
sites." Without complete hydrocarbon analysis to aid in the in- 
terpretation of their data, they concluded that "active oil wells located 
within Timbalier Bay have had only a minimal effect on the distribution 
and abundance of Foraminifera inhabiting the area." 

The findings or  opinions of the OEI investigators noted above do  
not clearly indicate effect or no effect of oil drilling and production in 
the Gulf. Hence, we feel that the OEI Council conclusions (Morgan et al. 
1974) should be reviewed and restated to indicate clearly the limitations 
of the experimental design and the data base for definitively answering 
questions on chronic effects of oil. 

This re-examination of the OEI has shown that the natural variabili- 
ty inherent in the biological, physical, and chemical processes in the Gulf 
of Mexico precludes acquisition of adequate, representative, or valid 
baseline data in a period limited to two years. The quality of the OEI 
data is in some cases excellent, however, even though many of the inves- 
tigators appear to have worked largely independently. Because their re- 
search was often conducted independently, the usefulness of the total 
OEI data base is limited for some scientific purposes. For instance, if to- 
tal organic carbon, soluble organic carbon, particulate organic carbon, 
phytoplankton (or chlorophyll), primary productivity, zooplankton, hy- 
drocarbons, and microbial flora had all been determined in the same 
rather than in different samples, the OEI data base would represent a 
unique resource for answering questions vital to our current understand- 
ing of carbon partitioning and flow in ocean ecosystems (Pomeroy 1974). 

Regardless of the shortcomings in experimental design and density of 
data on specific parameters, the data amassed by the OEI investigators is 
invaluable to U.S. science, government, and industry, and at the time it 
was collected, it represented the best and most cost-effective data base in 
existence on any part of the Gulf of Mexico. The OEI data, in com- 
bination with more recent studies such as those sponsored by the Bureau 
of Land Management, represent the most comprehensive data base 
available on a salt water system. We believe that it is fortuitous that 
much of the OEI data appears to  have come from the same 
"population." 
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Every effort should be made to find avenues to  expand the Gulf 
environmental data base and to establish quantitative indicators of 
"acceptable limits of performance." But such indicators can only be 
identified with adequate knowledge of spatial and temporal variability of 
parameters important to the functioning of marine ecosystems. New 
avenues to, and philosophies for, experimental design for environmental 
assessment should be explored in order to  develop approaches fully 

o PLATFORMS (54A  a66131 
S OTHER SAMPLING STA. 
C CONTROL STATION 
T BAY OFFSHORE TRANSECT STA. 

PB- l  BAY PRODUCTION SITE 

90.6 304 W 90.4638 90.2972 90.1306 89.9640 

FIG. 1. LOCATIONS OF BAY AND OFFSHORE SAMPLING STATIONS used in 
the re-examination of the Offshore Ecology Investigation. 
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consistent with the scientific method or to  provide acceptable alter- 
natives. Consensus qualification of selected indicators as criteria for 
judging "good ecological health" might serve as a first approach. 

RE-EXAMINATION AND ANALYSIS OF OEI DATA 

Water column and sediment characteristics 

Platform Versus Control 
Minimum statistical treatment of data was evident in most of the 

OEI investigators' final reports, and conclusions reached were often 
Iimited to opinions based on qualitative review of the data. The density 
of the OEI data appeared to be the primary factor limiting quantitative 
comparisons. 

Figure 1 illustrates the location of bay sampling sites, transect sta- 
tions, platforms, other sampling stations, and the control, which was 
about 11 km east of the platforms. 

To explore the degree to which the offshore control site was en- 
vironmentally comparable to the platform site-except, of course, for the 
physical presence of the platform-we selected the four (of the eight) 
seasonal exercises that offered the most complete sets of data. Computer- 
generated displays were obtained of selected data taken at both the 
platform site (54A, also referred to as HOR-54A and Exxon 54A in other 
papers in this volume) and the control. Several sampling stations near the 
platform were chosen to illustrate the natural variability in the immediate 
platform area. Environmental parameters used in the comparisons were 
salinity, dissolved oxygen, temperature, optical transparency (transmit- 
tance), depth, and bottom type. Figures 2 through 5 are representative of 
the data that collectively indicate that the sites were comparable in these 
regards. Depths and bottom types were also similar. 

Water quality parameters used to compare the platform and control 
sites were trace metals, nutrients, and carbon chemistry (organic carbon, 
inorganic carbon, and total carbon). Tables 1, 2, and 3 (p. 45) present 
representative data, most of which is insufficiently dense to permit 
statistical treatment. Site-related differences are not readily apparent; 
some seasonal and depth variations can be distinguished, however. 

Taken as a whole, these data roughly show that the primary en- 
vironmental difference between the two offshore sites was the physical 
presence of the platform in one and not the other, that the habitats 
varied essentially simultaneously in response to meteorological or 
seasonal events, and that prevailing current direction and speed (figure 6, 
p. 46) were such that materials originating at the platform would not 
normally reach the control site during most of the year. 
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JULY 
1973 

SAL IN ITY  IN P P l  

FIG 2. SALINITY WITH DEPTH DURING TWO SEASONAL SAMPLING 
EXERCISES. 

Entrained material in the Mississippi River outflow, runoff from 
adjacent land, and platforms are probable sources of nutrients, trace 
metals, and organic carbon in the OEI study area. Water column 
measurements for arsenic, mercury, lead, cadmium, and zinc showed that 
arsenic was always below detectable levels. Trace metals, probably bound 
to suspended materials, were generally higher in water samples taken 
from the nepheloid layer. Figure 7 (p. 47) shows a non-statistical, but in- 
formative, treatment of the similarity between platform zinc concen- 
trations and concentrations at stations 1,500 m or more away from the 
platform. 
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FIG. 3.  DISSOLVED OXYGEN WITH DEPTH DURING TWO SEASONAL 

SAMPLING EXERCISES. 

Dissolved oxygen concentrations varied more significantly with depth 
than with location. As would be expected, surface vaIues were uniformly 
higher than those from deeper waters, and dissolved oxygen con- 
centrations varied directly in relation to water temperature. During the 
summer of 1973, near-bottom values approached zero over the entire off- 
shore region. 

Except during the post-flood period, Biochemical Oxygen Demand 
(BOD) was usually slightly higher at the production platform offshore 
than at the drilling platform, and both were usually higher than at the 
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WATER TEMPERATURE IN C 

FIG. 4. WATER TEMPERATURE WITH DEPTH DURING TWO SEASONAL 

SAMPLING EXERCISES. 

control site. The large fouling community that colonized the legs of the 
platforms may have contributed to the higher BOD values around the 
platforms. Differences between the production and drilling platforms, 
similarly, may have resulted from the smaller submerged surface area at 
the drill site. Surface values of BOD ranged from 0 to 2.7 mg/l at the 
platform and from 0 to 2.6 mg/l at the control over a period of four 
seasons. Near-bottom values during the same time ranged from 0.1 to 2.2 
mg/l at the platform and from 0.7 to  0.9 at the control. Inadequate 
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FIG. 5. TRANSMITTANCE WITH DEPTH DURING TWO SEASONAL SAM- 
PLING EXERCISES. 

BOD data were available to permit statistical treatment of possible differ- 
ences between platform and control sites. 

Slightly higher concentrations of total organic carbon (TOC) were 
often found around platforms (see table 3). Possible sources of organic 
carbon at platforms include kitchen and human wastes, oiI, and con- 
tributions from the fouling communities. Data collected in the OEI do 
not permit differentiation of these sources and there was no obvious 
relationship between various hydrocarbon fractions and TOC. 

Although only qualitative comparisons can be made between 
possible contaminants present at the OEI platform and controI sites, it 
would appear that the effluents from drilling and production (1) are so 
small as to cause no significant concentrations of contaminants, (2) are 
rapidly diffused, and/or (3) are masked by distributed source effects in 
the intensely oil-active OEI area. In  any event, such effects as may be 
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TmLE 1. Mercury concentrations (ppb) in the water column wlth depth at platform 
and control sltes dur~ng four of elght OEI sampllng exerclses. 

Hg Range Mean No. of Observations 
Date DePth Platform Control Platform Control Platform Control 

Exercise 1 TOP 0.4-3.0 0.4-0.8 0.9 0.6 6 2 
1972 Sept. Middle 0.3-0.6 0.4-0.5 0.4 0.4 6 2 

Bottom 0.3-2.9 0.3-0.4 0.8 0.3 6 2 

Exerclse 3 TOP 0.3-0.3 0.3 0.3 0.3 2 1 
1972 No".-Dec. Mlddle 0.3-0.7 0.3 0.5 0.3 2 1 

Bottom 0.3-0.3 0.3 0.3 0.3 2 1 

Exercise 5 TOP 0.3 - 0.3 1 0 
1973 Apr. Mlddle 0 0 

Bottom - 0 0 

Exercise 6 TOP 0.3-0.3 0.3-0.3 0.3 0.3 4 2 
1973 July Mlddle 0.3-0.3 0.3 0.3 0.3 2 1 

Bottom 0.3-0.5 0.3 0.3 0.3 7 1 

Top, 0-5 m: Mlddle, 8-13 m; Bottom, 14m - bottom. 

TABLE 2. Nltrate plus nltrite nitrogen (ppm) In the water column wlth depth at 
platform and control sltes durlng four of eight OEI sampllng exerclses. 

Date 

Exercise 1 Top 
1972 Sept. Middle 

Bottom 

Exercise 3 TOP 
1972 Nov.-Dec. Middle 

Bottom 

Exercise 5 TOP 
1973 Apr. Middle 

Bottom 

NO + NO2 Range 

Platform 
Mean 

Platform Control -- 
No. of Observat~ons 
Platform Control -- 

Exerclse 6 TOP 0.09-0.33 0.19-0.35 0.18 0.28 6 6 
1973 July Mlddle 0.14-0.04 0.04-0.32 0.19 0.22 2 3 

Bottom 0.05-0.29 0.05-0.30 0.15 0.19 6 3 

Top, 0-5 m; Mlddle, 8-13 m; Bottom, 14 m - bottom. 

TABLE 3. Total Organlc Carbon (ppm) In the water column wrth depth at platform 
and control sltes durlng four of elght sampling exerclses. 

Date - 
Exercise 1 
1972 Sept. 

Exercise 3 
1972 N0v.-Dec. 

Exercise 5 
3.973 Apr. 

Exercise 6 
1973 July 

TOC Range Mean No. of Observatlons 
Platform Control Platform Control Platform Control 

TOP 
Middle 
Bottom 

TOP 
Middle 
Bottom 

TOP 
Middle 
Bottom 

TOP 
Middle 
Bottom 

Top, 0-5 m: Mlddle, 8-13 mi Bottom, 14 m- bottom. 
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DEC 1972 

5.0 

FIG. 6. CURRENT DIRECTION AND SPEED WITH DEPTH FOR PLATFORM 
AND CONTROL DURING ONE SEASONAL SAMPLING EXERCISE. 

20.0 

present appear to be small in comparison with seasonal variabilities. It 
should be noted that the observed variabilities were experienced at both 
platform and control sites at about the same time and magnitude, 
however, indicating that relative effects originating from oiI drilling and 
production might be observed, if they occur, in the presence of large 
seasonal variations, provided that monitoring data are adequate to 
permit rigorous statistical treatment. 

Since the density of the OEI data would not permit, for the most 
part, meaningful statistical comparisons between platform and control 
sites, the OEI as originally designed provided little evidence for or  
against cumulative point source effects. 

e Y 
I I 

PLATFORM CONTROL 
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FIG. 7. FREQUENCY DISTRIBUTION OF WATER COLUMN ZINC CONCEN- 
TRATIONS for Platform 54A and stations greater than 1500 m from 
the platform. 

Platform Versus Ambient 
Since the OEI sampling design, primarily because of lack of 

replication, precluded statistical treatment of the data, it was decided to 
explore the possibility of expanding the data base to  provide additional 
stations against which the platform stations might be compared. It was 
necessary, therefore, to explore the degree to  which additional "control" 
sites might be environmentally comparabIe to the platform sites, except, 
of course, for the physical presence of the platform itself. 

To accomplish these comparisons, the computerized data files were 
queried to provide plots displaying selected data taken at the platforms 
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JUL 1973 

AMBIENT MEAN 

AMBIENT RANGE 

PLATFORM 5 4 -  A 

20.0 1 I I I I I I I I 
18.0 20.5 23.0 25.5 28.0 30.5 33.0 35.5 38.0 

WATER TEMPERATURE IN OC 

FIG. 8. WATER TEMPERATURE WITH DEPTH FOR AMBIENT AND PLAT- 

FORM STATIONS. 

and potential additional controls. Environmental parameters used in the 
comparisons were salinity, dissolved oxygen, temperature, opticaI 
transparency, current, depth, and bottom type. For a station to qualify 
as an additional control in the near-shore region, the criteria were that it 
must: (1) be located at least 1,000 meters from the platform, (2) be 
sampled the same day as the platform site, (3) have similar salinities and 
temperatures, (4) have similar bottom substrates, (5) have depths within 5 
meters of those at the platform with which comparisons were made, and 
(6) not receive transported materials originating at the platform during 
the sampling period. 
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JUL 1973 

W A M B I E N T  R A N G E  

..-....... PLATFORM 54- A  

20.0 
11.0 15.0 19.0 23.0 27.0 31.0 35.0 39.0 43.0 

SALINITY I N  P P T  

FIG. 9. SALINITY WITH DEPTH FOR AMBIENT AND PLATFORM STATIONS. 

Figures 8, 9, and 10 are representative of the data that supported the 
inclusion of additional stations for statistical comparisons. A review of 
the OEI data showed that six stations, in addition to the original control, 
qualified as ambient stations (figure 1, stations included in rectangle). 

Each seasonal field exercise was screened to determine whether a 
sufficient number of comparable ambient stations had been sampled to 
yield at least three samples for comparison with the platform. If so, the 
normality of the data was tested by comparing means and standard 
deviations with "corner tests" as described by  Olmstead and Tukey 
(1 947). 

In the offshore region, the data indicated that normaf statistics could 
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JUL 

M E A N  

R A N G E  

5 4 - A  

20.0 I I I I I I I I 
0 1.50 3.00 4.50 6.00 7.50 9.00 10.5 12.0 

D ISSOLVED OXYGEN I N  PPM 

FIG. 10. DISSOLVED OXYGEN WITH DEPTH FOR AMBIENT AND PLATFORM 

STATIONS. 

be used to test differences between platform and ambient stations for the 
parameters of lead, ammonia, and nitrate-nitrite nitrogen. Logarithmic 
transformations of the data not indicated as normal were performed 
before the data were used for "t" tests. In Timbalier Bay, square root 
transformations of nutrient and trace metal data were necessary before 
normal statistics could be applied. 

Offshore-Table 4 shows the results of "t" test comparisons of 
eight parameters between platform 54A and the newly defined offshore 
ambient stations. Measurements were paired by depth at each station for 



TABLE 4. Paired 't' test comparisons of water quality parameters between 
platform 54-A and offshore ambient stations. 

2) Dissolved2) 
2, ~b Silica 

NH -N 
3 

N03+N0 
Date Zn Cd 2 

0-po2) 
- - - - 4 - 

Exercise 1 (6) (12) (12) (12) (12) (12) (12) (12) 
1972 Sept. 

Exercise 2 IS (1) (3)  (3) (3) (31 (3) (3) (3) 
1972 Oct. 

Exercise 3 1.5 (01 (6) (6) (6) (3) (3) (3) (3) 
1972 Nov.-Dec. 

Exercise 4 IS (1) IS (0) IS (0) IS (0) IS (1) IS (0) IS (0) IS (1) 
1973 Jan.-Feb. 

Exercise 5 1s (1) IS (0) IS (0) IS (0) 1s (1) IS (1) 1s (1) IS (1) 
1973 Apr. 

Exercise 6 IS (0) (7) (7) (7) (18) (18) (18) (16) 
1973 July 

Exercise 7 IS ( 2 )  (8) (8) (8) (12) * (12) * (12) (12) * 
1973 Oct. Amb.High 54A High Amb.High 

Exercise 8 (9) (8) (8) ( 8 )  (12) 
1974 Jan. 

(12) (12) * (12) 
54A High 

1) data not normally distributed even when log transformed. Chi-square used to test significance; 
2) log transformed; ( ) number of paired observations; * significant difference at 0.05 level; 
IS inadequate sample size, n = <3 pairs. 

The water column was divided into 3 depth zones: Top, 0.00 to 5.00 m; Mid, 5.01 to 13.00 m; Bottom, 13.01 to bottom. 
For each cruise a Top value of 54-A was paired with a Top value of Ambient. The pairing was done using random 
numbers, When a matching value was not available for pairing that measurement was not included in this 't' test. 
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J J A S O N D J F M A M J J A S O N D J F  
1972 , 1973 P 1974 

AM8 

66D 

5 4 A  

A L L  

0 A L L  OFFSHORE I3 PLATFORM 66D 
O PLATFORM 5 4 A  @ A M B I E N T  

n =  6 2 I 2 4 9 

n: 16 2 15 I 2 7 

n' 6 2 2 6 2 14 2 2 3  

n - 2 2  4 2  2 8  9 16 19 53 12 99 

FIG. 11. SEASONAL VARIABILITY O F  ORGANIC CARBON IN THE WATER COL- 

UMN OFFSHORE. 

each of the eight sampling exercises. Comparisons were not made when 
there were fewer than three pairable observations between the platform 
and one of the ambient stations. Single instances occurred where 
dissolved silica, ammonia nitrogen, nitrate-nitrite nitrogen, and or- 
thophosphate were significantly higher or  Iower at platform 54A. Since 
these were single instances there is little basis for interpretation. It is 
important to  note, however, that the analysis gave no indication of 
differences between platform and ambient in organic carbon or metals in 
the water column. 

Further analysis of the TOC and BOD data of Brent et al. (1974) 
with season (figures 11 and 12) does not clearly demonstrate the presence 
of platforms 54A and 66D based on these parameters. The dashed area 
in each figure is one standard deviation above and below the mean of all 
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J J A S O N D J F M A M J J A S O N D J F  
1972 I 1973- 1974 

AMB 

66D 

54A  

ALL  

O ALL  OFFSHORE U PLATFORM 6 6 D  
O PLATFORM 54A @3 AMBIENT 

n =  6 2 I  2 4 9 

n= 16 2 15 I  27 

n= 6 2 2 6 2 14 2 23 

n=22 42 28 9 16 19 53 12 99 

FIG. 12. SEASONAL VARIABILITY OF BIOCHEMICAL OXYGEN DEMAND IN 

THE WATER COLUMN OFFSHORE. 

offshore data. Platforms 54A and 66D are the means of all data within a 
750 m x 750 m area around each platform. "Ambient" is the mean of 
all data from all stations falling in the rectangular area shown in figure 
1. Poor correlation exists between BOD and TOC concentrations at plat- 
form and ambient stations (figure 13). 

Figures 14 and 15 present the BOD and TOC data with distance 
from platform 54A. The horizontal line connects the mean of all the data 
within each 1,000 m segment of the range from platform 54A, spanning 
an azimuth of 360 degrees. The number of observations in each mean is 
indicated at the top of each figure. The thick vertical line represents the 
95% confidence interval of the mean and the thin vertical line is one 
standard deviation. Platform 54A is located at 0 on the ordinate; plat- 
form 66D at about 2,000 m. Both the BOD and TOC decrease initially 
with distance from 54A, but the number of observations also decreases 
with distance and variability of the data increases. The presence of the 
platforms could not be demonstrated from the collection of data, nor are 
the platforms significant point sources of TOC or biodegradable carbon. 
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FIG. 13. RELATIONSHIP BETWEEN BOD AND TOC AT PLATFORM AND 

AMBIENT SAMPLING STATIONS OFFSHORE. 

5.0 

4.5 

4.0 

3.5 

3.0 

Laserer and Ledet (1974) analyzed sediment, beach, and air/sea 
interface samples for hydrocarbons and free fatty acids using gas 
chromatography and mass spectrometry. The air/sea and beach data 
were not sufficiently replicated to permit statistical comparisons; 
however, "t" test comparisons of the hexane, benzene, and methanol 
eluates of sediment samples from platform 54A and ambient stations 
showed no differences at the 5% confidence level (table 5, p. 56). 

Figures 16, 17, 18, and 19 (pp. 57-58) present hydrocarbon data with 
distance from platform 54A. The horizontal line connects the mean of all 
data of all cruises within each 2000-meter segment of the range from 
$4A, spanning an azimuth of 360 degrees. The vertical line is one stand- 
ard deviation. The data points are coded by cruise number. The hexane 
eluate contains the paraffins; the benzene eluate the aromatics, high mo- 
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RANGE FROM PLATFORM 5 4 A  IN rn. 

a PLATFORM 5 4 A  0 AMBIENT 
PLATFORM 6 6 D  OREST OF THE STATIONS 

FIG. 14. VARIABILITY OF BOD IN THE WATER COLUMN WITH DISTANCE 

FROM PLATFORM 54A. 

lecular weight ketones, and esters; the methanol eluate the free fatty 
acids and polar compounds. Since the data for each eluate represent 
mass per unit area and not percentage of the total hydrocarbons re- 
covered, higher values would be expected at the platform if it were a sig- 
nificant source of petroleum hydrocarbons. This is clearly not the case 
but the low density of the data prevents rigorous statistical treatment. 

Figures 20, 21, and 22 (pp. 59-61) present data for three hydrocar- 
bon eluates with season. Inadequate benzene data were available for this 
type of analysis. The dashed area is one standard deviation above and 
below the mean of all offshore data. The points labeled "platform" are 
the mean of all data within a range of 0 to 2,500 m from 54A, spanning 
an azimuth of 360 degrees, which includes platform 66D. "Ambient" in 
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FIG. 15. VARIABILITY OF ORGANIC CARBON IN THE WATER COLUMN 

WITH DISTANCE FROM PLATORM 54A. 

TABLE 5. Comparison between hydrocarbon fractions in offshore 
sed~ment Samples collected during August, September, 
October, and December 1972. 

Std. Student's 
~ lua te  Range1) n 5 x - error t t.05 -- 

Hexane eluate Platform 6 1.90 14.00 4.97 1.89 4.63 
mg/lOO g 

Ambient 13 1.80 14.50 6.17 0.99 3.57 
0.63 2.11 

Benzene eluate Platform 6 0.30 18.20 5.73 2.72 6.65 
mg/lO0 g Ambient 13 1.00 23.30 7.21 1.96 7.06 0'44 2.11 

Methanol eluate Platform 6 6.80 48.80 19.90 6.86 16.80 
mg/lOO g Amblent 13 10.00 80.00 39.17 6.56 21.84 1'92 2.11 

1) Platform = 0 to 1,600 m range from platform 54A. Thls lncludes Platform 66D samples. 
Ambient = 1,601 to 12,500 m range from platform 5AA. 
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RANGES F R O M  P L A T F O R M  5 4 A  I N  m. 

I = SEP 7 2  3 = N O V - D E C 7 2  5 -  APR 7 3  7 =  OCT 7 3  
2 = OCT 7 2  4 = JAN-FEE373 6 = J U L  7 3  8 = J A N  74 

FIG. 16. METHANOL ELUATE OF SURFACE WATER SAMPLES WITH 

DISTANCE FROM PLATFORM 54A. 

RANGES FROM P L A T F O R M  5 4 A  I N  rn. 

I=  SEP 7 2  3 = N O V - D E C 7 2  5 =  APR 7 3  7 =  0 C T  7 3  
2 -  OCT 7 2  4: JAN-FEE3 73 6 =  J U L  7 3  8 = J A N  7 4  

FIG. 17. BENZENE ELUATE O F  SURFACE WATER SAMPLES WITH 
DISTANCE FROM PLATFORM 54A. 
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RANGES FROM P L A T F O R M  5 4 A  IN rn 

I =  SEP 7 2  3=  NOV-DEC 72 5-1 APR 7 3  7 =  OCT 7 3  
2. OCT 7 2  4: JAN-FEB 7 3  6 =  JUL 7 3  8.: J A N  74 

FIG.  18. HEXANE ELUATE OF SURFACE WATER SAMPLES WITH DISTANCE 

FROM PLATFORM 54A. 

RANGES FROM P L A T F O R M  5 4 A  I N  rn. 

I= S E P  7 2  3=NOV-DEC 72 5. APR 7 3  7 -  OCT 7 3  
2. OCT 7 2  4; J A N - F E E  7 3  6. JUL  7 3  8 -  J A N  7 4  

FIG. 19. TOTAL LIPIDS OF SURFACE WATER SAMPLES WITH DISTANCE 

FROM PLATFORM 54A. 
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FIG. 20. SEASONAL VARIABILITY OF HEXANE ELUATE FROM SURFACE 
WATER SAMPLES OFFSHORE. 
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n =  9 15 8 7 10 10 8 

these figures is the mean of all data within a range of 2,501 to 12,500 m 
from 54A, spanning an azimuth of 360 degrees. The number of ob- 
servations in each mean is given at the top of each figure. Again, the 
platform would be expected to have higher concentrations of the various 
hydrocarbon eluates if it were a significant point source of hydrocarbon- 
containing effluents. This does not seem to be the case, since the ambient 
means are frequently higher than the means for the platform. 

Although the concentrations of TOC, BOD, and hydrocarbons do 
not appear to differ between platform and ambient sites, the ternary 
diagrams in figures 23 and 24 suggest that relative amounts of types of 
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FIG. 21. SEASONAL VARIABILITY OF METHANOL ELUATE FROM SURFACE 
WATER SAMPLES OFFSHORE. 
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hydrocarbons in the air/sea interface and in sediments may differ be- 
tween platform and ambient sites. The arrows in figure 23 @. 62) indi- 
cate how to read a ternary diagram. "Platform" represents all data of all 
samples collected within a range of 0 to 2,500 m from 54A, spanning an 
azimuth of 360 degrees, which includes platform 66D. "Ambient" repre- 
sents a11 data within a range of 2,501 to 12,500 m from 54A, spanning an 
azimuth of 360 degrees. The platform data tend to cluster and, with two 
notable exceptions, have the highest levels of benzene eluates (aromatics). 
Since aromatics usually disappear most rapidly with weathering of oil, 
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FIG. 22. SEASONAL VARIABILITY OF TOTAL LIPIDS FROM SURFACE WATER 

SAMPLES OFFSHORE. 

this analysis suggests that the platform may be the source of fresh 
petroleum. 

Figure 24 (p. 63) indicates that aromatic hydrocarbons do not tend to 
accumulate in sediments offshore, perhaps because they rapidly disappear 
during weathering of oil. The two samples within 750 m of 54A had the 
highest aromatic content. There were no samples taken within 750 m of 
platform 66D. All platform samples were taken within 2,500 m of 54A 
and ambient samples within the range of 2,501 t o  12,500 m. 

Data in figure 25 (p. 64) indicate that petroleum hydrocarbons present 
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H E X A N E  ELUATE 
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FIG. 23. TERNARY DIAGRAM OF HEXANE, BENZENE, AND METHANOL 

ELUATES OF SURFACE WATER SAMPLES AT PLATFORM AND AMBIENT 
STATIONS OFFSHORE. 

in sediments are more weathered (have lower aromatic content) than those 
present in air/sea interface and beach samples. This diagram presents all 
the hydrocarbon data for all of the cruises. 

In summary, we do not feel that the OEI data quantitatively demon- 
strate that platforms are significant sources of TOC, BOD, or hydrocar- 
bons; on the other hand, display of the data in ternary diagrams suggests 
that platforms are sources of unweathered oil. The OEI data are inade- 
quately replicated to support rigorous statistical treatment of platform 
versus ambient comparisons even with the redefinition of control sites. 
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FIG. 24. TERNARY DIAGRAM OF HEXANE, BENZENE, AND METHANOL 

ELUATES OF SEDIMENT SAMPLES AT PLATFORM AND AMBIENT STATIONS 

OFFSHORE. 

Timbalier Bay-Tables 6 and 7 present data for eight water quality 
parameters for production, workover, and ambient sites in Timbalier 
Bay. Data for zinc, lead, and cadmium were taken only during the first 
two sampling exercises. Significant differences between production or 
workover sites and ambient sites were determined by "t" tests. 

The significant differences observed between PB1 and ambient sites 
and between PB2 and ambient sites are difficult to interpret without 
detailed anaIyses of flow patterns from inner to outer bay and influences 
from Mississippi River flow. This is illustrated for dissolved silica, or- 
thophosphate, ammonia nitrogen, and nitrate-nitrite nitrogen during the 
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FIG. 25. TERNARY DIAGRAM O F  HEXANE, BENZENE, AND METHANOL ELUATES OF  ALL SAMPLES TAKEN FOR 

HYDROCARBON ANALYSIS. 
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TABLE 6. "t" test comparisons of metals concentrations in water samples taken 
at production, workover, and ambient sites in Tlmballer Bay. (Values 
reported are before square root transformation.) 

Zn (PP~) Pb (PP~) Cd (ppb) 
Date Station - X - 5 - x 5 5 1! S O  

Exercsse 1 PB-1 8.8 14.1 15 2.1 1.9 15 0.2 0.0 15 
1972 Sept. PB-2 - 0 - 0 - - 0 

Amb. 7.8 5.1 5 1.2 0.2 5 0.2 0,O 5 

Exerclse 2 PB-1 10.8 6.3 11 4.5 3.9 11 0.2 0.1 11 
1972 Oct. PB-2 10.3 6.2 17 6.9 9.8 17 0.5 0.5 17 

Rmb. 11.1 7.3 30 6.6 18.5 30 0.8 1-8 30 

Data were square root transformex before "t" test. 
PB-1 = Production platform slte: 750m x 750111 area; PB-2 = Workover site: 750m x 750m area; 
Rmb. = Ambient: rest of the Bay. 

July sampling exercise, which coincided with the 100-year flood of the 
Mississippi River. When different, these variables were significantly lower 
in the inner bay from the generally distributed ambient stations. This 
pattern could indicate transport of nutrients from the Mississippi or 
enhanced flow of fresh water into the inner bay. Significant differences 
in organic carbon at PBI or PB2 from the ambient stations generally 
reflect the gradient of organic carbon from inner to  outer bay (see figure 
30, p .  71). The significant difference indicated for nitrate-nitrite 
nitrogen during the January 1974 exercise appears impossible but resulted 
from the use of square root-transformed data. 

Bay-Offshore Transect 
The OEI included samples collected along a transect ranging from 

the inner part of Timbalier Bay to the offshore production and drilling 
platforms, Figure 26 illustrates the 13 sectors sampled during eight 
sampling exercises. 

Figures 27 through 32 (pp. 68-73) present data for 14 water column 
and two sediment parameters. Water column data are means of all meas- 
urements made during all of the exercises averaged over depth. Sediment 
data for total phosphate and total nitrogen are averaged over all exer- 
cises. Shaded areas are one standard deviation from the means, 

Salinity increases steadily from inner bay to offshore, transmissivity 
decreases markedly immediately outside the bay, perhaps because of 
littoral currents, and temperature appears to fluctuate more in the bay 
than offshore (figure 27). Sediment phosphate appears to be higher in the 
vicinity of the offshore platforms and total nitrogen decreases steadily 
from inner to outer bay (figure 28). Water column orthophosphate, 
ammonia nitrogen, and nitrate-nitrite nitrogen appear to have no definite 
pattern from inner bay t o  offshore (figure 29). Organic carbon and BOD 
decrease rapidly from inner bay to outer bay, but COD does not appear 



TABLE 7. "t" test comparisons of water quallty parameters at production, workover, and ambient 
sites in Timbalier Bay. (Values reported are before square root transformat~on.) 

wc1' 
(mg/l) 

Date Station X s n 

Execcise 1 PB-1 15.0 0.5 2 
1972 Sept. PB-2 - - 0 

Amb. 12.5 2.5 10 

Exerclse 2 PB-1 - - 0 
1972 Oct, PB-2 7.0 4.3 12 

Amb. 7.3 4.0 2 

Diss. Silica 
(mg/l) 

x s n  - - -  

1.3 0.2 18 - - 0 
1.2 0.2 8 

2.0 0.5 18 
1.4* 0.5 18 
2.0 0.8 14 

Exercise 3 PB-1 14.0 1.4 2 0.1 0.0 18 133.3 137.4 18 1.2 2.3 18 5.8 8.0 18 
1972NOv.-DeC. PB-2 7.4* 0.3 4 0.6 0.5 6 112.5 28.0 6 1.9 2.9 5 25.9 25.9 5 

Amb. 13.8 1.5 11 0.3 0.3 10 125.0 60.2 10 0.3 0.4 10 17.6 26.2 10 

Exercise 4 PB-1 13.9' 4.4 13 0.2 0.2 24 111.2 28.4 24 5.9 11.1 24 10.1 19.9 24 
1973 Jan.-Feb. PB-2 - - 0 - -  0 - - 0  - - 0  - - 0 

Amb. 9.0 5.9 13 0.1 0.1 22 109.5 43.7 22 6.6 11.8 22 7.7 14.9 22 

Exercise 5 PB-1 21-5 0.0 1 0.7 0.3 18 102.8* 53.1 18 0.1* 0.0 18 0.1 0.1 18 
1973 Apr. PB-2 - - 0 - -  0 - - 0 - - 0 - - 0 

Amb. 6.7 2.8 7 0.9 0.4 24 145.5 81.6 24 0.2 0.2 24 0.1 0.2 24 

Exerclse 6 PB-1 - - 0 1.0**0.3 28 24.4**40.5 28 0.4** 0.1 28 0.3** 0.1 28 
1973 July PB-2 - - 0 1.6** 0.1 8 92.9 23.3 8 0.7** 0.1 8 0.4 0.1 8 

Amb. - - 0 1.3 0.5 62 82.7 44.3 62 0.6 0.1 62 0.8 1.0 62 

Exerclse 7 PE-1 14.2 3.3 4 2.2* 0.4 30 89.4 52.0 30 0.3 0.1 30 0.1 0.0 30 
1973 Oct. PB-2 - - 0 - - 0 - 0 - 0 - 0 

Amb. 12.4 2.2 3 2.0 0.6 51 77.1 24.8 50 0.4 0.1 50 0.1 0.1 50 

Exercise 8 PB-1 9.2 5.0 12 0.6 0.1 26 88.8 49.2 26 0.6** 0.2 26 0.1** 0.1 26 
1974 Jan. PB-2 5.5" 1.5 9 O.9** 0.2 18 98.9 37.9 18 0.5** 0.1 18 0.1 0.1 18 

Amb. 9.9 3.6 24 0.7 0.3 50 90.8 33.8 50 0.7 0.2 50 0.1 0.1 50 

Data were square root transformed before "t" test. 
* significant at 0.05 level. 
** significant at 0.01 level. 
1) data not normally distributed even when square root transformed. Chi-square used to test slgniflcance. 
PB-1 = Production platform slte: 750m x 750m area; PB-2 = Workover slte: 750m x 750m area; 
Amb. = Amblent: rest of the Bay. 
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T BAY OFFSH. TRANSECT STA. 

FIG. 26. SECTORS SAMPLED IN BAY-OFFSHORE TRANSECT (see figs. 27 
through 32). 
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t o  be strongly related to position on the transect. Mercury appears to 
increase somewhat offshore, while zinc, cadmium, and lead decrease 
(figures 31 and 32). Lead concentrations are surprisingly high and 
variable at the mouth of the bay (figure 32). 

With the possible exception of sediment phosphate near the offshore 
platform, the transect data do not demonstrate the platforms under study 
in the OEI to be possible sources of chronic low level discharges of 
pollutants. 
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FIG. 27. VARIABILITY OF WATER TEMPERATURE, SALINITY, AND TRANS- 
MISSIVITY FROM INNER BAY TO OFFSHORE. 
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FIG. 28. VARIABILITY O F  SEDIMENT PHOSPHATE AND NITROGEN AND 
DISSOLVED OXYGEN IN THE WATER COLUMN FROM INNER BAY TO OFF- 
SHORE. 



70 RICE UNIVERSITY STUDIES 

- 
z TRANSECT SECTOR NUMBER 

FIG. 29. VARIABILITY OF PHOSPHATE, AMMONIA NITROGEN, AND 

NITRITE-NITRATE NITROGEN IN THE WATER COLUMN FROM INNER BAY 

TO OFFSHORE. 

Benthic biology 

The benthic biology program of the OEI in 1972-1974 consisted of 
separate investigations in the following disciplines: Timbalier Bay 
-polychaetous annelids (Kritzler 1974; Fish et al. 1974), molluscs and 
crustaceans (Perry 1974; George 1974; Farrell 1974a), fish (Perry 1974), 
foraminifera (Ostrom 1974; Fish et al. 1974), and algae (Humm 1974). 
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FIG. 30. VARIABILITY OF ORGANIC CARBON, BOD, AND COD IN THE 

WATER COLUMN FROM INNER BAY TO OFFSHORE. 
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FIG. 31. VARIABILITY OF MERCURY AND ZINC IN THE WATER COLUMN 
FROM INNER BAY TO OFFSHORE. 

Offshore biological data consisted of molluscs and crustaceans (Waller 
1974; Farrell 1974b), fish (Perry 1974), algae (Humm 1974), and fouling 
organisms (George and Thomas 1974). Because of the varied methods of 
data collection used in these studies, it was not possible to analyze quan- 
titatively all the data generated by these investigations. It was only 
possible to analyze the polychaete, mollusc, and crustacean data with 
computer-assisted programs. Because of the importance of certain other 
organisms to the understanding of environmental changes, however, 
some salient points dealing with the benthic foraminifera, algae, and 
fouling organisms will be discussed here, 

Benthic organisms, especially infaunal species, have been considered 
useful in assessing environmental conditions because they have been 
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TRANSECT SECTOR NUMBER 

FIG. 32. VARIABILITY OF CADMIUM AND LEAD IN THE WATER COLUMN 

FROM INNER BAY TO OFFSHORE. 

subjected to a possible contaminant not only at the time of sampling but 
for some time previously (Reish 1973). In contrast, pelagic organisms 
may have entered the particular area just prior to capture and may not 
have been previously exposed to the contaminant. Polychaetes, molIuscs, 
and crustaceans are the most abundant groups of macroinvertebrates in 
the marine benthos; they constitute approximately 90% of the species 
and specimens present within a benthic sample (Jones 1969). It is 
therefore imperative to include the identification of these groups of 
species in the assessment of the environmental condition of any marine 
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area. Since a large amount of data on these benthic groups in Timbalier 
Bay was generated but not synthesized, it was apparent that this ap- 
praisal should include a synthesis of the polychaete, mollusc, and 
crustacean occurrences and distributions. No previous studies dealing 
with the benthic polychaetes, molluscs, and crustaceans within the OEI 
study area had been undertaken. 

Timbalier Bay Macroinvertebrates 
Data Base-Polychaetes were colIected five times at four stations 

during 1973. Samples were taken with a plastic tube, which sampled an 
area of 625 cm2 to a depth of 10 m. The sampler was connected to an air 
hose, which lifted the material into the boat, where it was washed 
through a 0.5 mm mesh sieve; the material retained on the sieve was pre- 
served (Kritzler et al. 1974). Sixteen replicates were taken at each station, 
giving a total surface area of 1 m2. Two stations were located near oil 
operations (production PB1 and drilling PB2), and two were located as 
far as possible from such activity to represent natural environmental 
conditions (AB1 and AB2) (table 8, figure 33). The data from the winter, 
spring, and summer collections were coincident in time and space with 
mollusc and crustacean data. 

MolIuscs and crustaceans were taken with a Van Veen grab, which 
sampled an area of 2000 cm2 to a depth of 10 cm at seven stations within 
Timbalier Bay. Collections were taken during winter, spring, and summer 
in 1973. Since one of the stations was located in the Little Lake area, 
which was far from any polychaete sampling station, the data generated 
at that locality were not included in these analyses (table 8, figure 33). 
Samples were washed through a 0.5 mm mesh sieve and preserved. Since 
the Van Veen sampled an area of 0.2 mZ, the data, for a number of 
specimens collected, was multiplied by five in order to coincide with the 
total surface area sampled for polychaetes. 

Methods of Analysis-The combined data for polychaetes, molluscs, 
and crustaceans were grouped according to the two platforms and two 
ambient stations (table 8, figure 33) for the winter, spring, and summer 
colIections. The data were analyzed for species diversity (Shannon and 
Weaver 1963) and faunal affinities (Morisita 1959; Ono 1961), and the 
stations were grouped by cluster analysis. 

The cluster analysis program in this study was the Bray-Curtis 
similarity coefficient and group average sorting (Boesch 1977). The 
similarity (or dissimilarity) coefficient can be expressed as: 



TABLE 8. Corresponding station locations for analyses of polychaete, 
mollusc, and crustacean data, Timbalier Bay, 1973. 

Combined 
Station Polychaete Stations Mollusc-Crustacean Stations 

Sampling Site Number Number Latitude Longitude Number Latitude Longitude - - 
Production Platform PB-1 PB03 29O11.90' 90~21.50' 7 29O11.471 90~21.62' 

9 29O11.88' 90~21.43' 

Ambient AB-1 BC02 29O09.50' 90~18.30' 12 29O09.70' 90°17. 50' 

Ambient AB-2 BPOl 29O07.79' 90~24.16' 6 2g007. 59' 90°23. 96' 

Drilling Platform PB-2 GF13 29O04.93' 90~19.13' 3 29O03.72' 90~21.26' 
4 29O04.16' 90~23.35' 
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FIG. 33. BENTHIC SAMPLING STATIONS IN TIMBALIER BAY 
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where Djk is the distance between entities j and k; x,, and xik are the 
values of attribute i in entities j and k, respectively. The group averaging 
sorting strategy was used to  form the dendrogram for each of the four 
stations for the three collecting periods. In the clustering used herein, the 
numbered value ranges from 0 to I with the 0 indicating complete 
similarity and I indicating complete dissimilarity. The calculations are 
made with the aid of a computer-assisted program and are then surn- 
marized graphically in a dendrogram. Species that were encountered only 
five or fewer times in the entire study were excluded from this analysis. 

Results-The data on benthic fauna were classified according to the 
Shannon-Weaver index of species deversity (H ') and are summarized in 
table 9. Because of the dominance of the polychaete Spiochaetopterus 
oculatus, the indices are given with and without the data for this species. 
The H ' is also given with the mollusc and crustacean data multiplied by 
five, with and without the Spiochaetopterus data. H '  ranged from 0.79 
to 3.94 when the data for Spiochaetopterus were included. Two groups 
of H ' values were noted; one varied from 3.40 to 3.94 at the production 
station PB1 and ambient station PB2, and the other varied from 0.79 to 
1.40 at the ambient station ABI and the drilling station PB2, When the 
number of specimens of molluscs and crustaceans was multiplied by five, 
the H ' index ranged from 0.80 to 4.12; the separation of the two groups 
of stations was evident but not as marked. Exclusion of the Spiochaetop- 
terus data altered the H '  index. It ranged from 3.17 to 4.42 when the 
mollusc-crustacean data were not multiplied by a factor of five and from 
2.50 to 4.31 when they were. The dominance of Spiochaetopterus at 
these stations within Timbalier Bay is apparent from table 9. The H ' 
values of ambient station AB1 and drilling site PB2 are influenced by the 
large quantity of this species at these two sites in comparison to the other 
two, No relationship between the H ' value and the season of collection is 
apparent from these data. 

The Morisita-Ono index of faunal similarity (A) among the four 
groups of stations is summarized according to the period of collection 
and the composition of the data in figures 34 and 35. Indices of 
similarity were calculated utilizing four different data sets, as was done 
for the Shannon-Weaver index. The occurrence of the dominant species 
by station, by data, by total number of specimens, and by percentage of 
occurrence is included in table 10 (p. 82). 

The index of similarity varies from 0.28 to 0.99 when the 
Spiochaetopterus data are included in the analyses, and from 0.13 to 
0.87 when the data for this polychaete are excluded. The greatest 
similarity is noted for all three collecting periods between the ambient 
station AB1 and the drilling station PB2 when the Spiochaetopterus data 
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Spring 1973 

Station Number 

H' excluding 
No. of Specimens H '  X 5 Spiochaetopterus 

Number of Number of excluding H' excluding Mollusc and and X 5 Mollusc 
Species Specimens Spiochetopterus H' Spiochaetopterus Crustacea and Crustacea 

Production Platform 
PB-1 34 709 501 3.58 3.83 3'65 

Drilling Platform 
PB-2 5 6 3954 671 1.40 4.42 2.60 

Ambient 
AB-1 35 4961 645 0.96 3.17 1.06 

AB-2 3 9 344 288 3.74 3.71 2.68 

Summer 1973 

H' excluding 
No. of Specimens H' X 5 Spiochaetopterus 

Number of Number of excluding H' excluding Mollusc and and X 5 Mollusc 
Station Number Species Specimens Spiochaetopterus H' Spiochaetopterus Crustacea and Crustacea 

Production Platform 
PB-1 25 515 401 3.47 3.47 3.53 

Drilling Platform 
PB-2 28 1993 28 5 1.07 3-41 1.50 2.59 

Ambient 
AB-1 



80 RICE UNIVERSITY STUDIES 

Z 
- 
0 - 
0 

CU 

-- - - - 

900 20' w 

FIG. 34. DIAGRAMMATIC REPRESENTATION OF THE MORISITA-ONO 
INDEX OF FAUNAL SIMILARITY IN TIMBALIER BAY (from Bender et al. 
1979; Copyright, Offshore Technology Conference, 1979; reproduced 
by permission). 
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TABLE 10. Dominant species of benthic invertebrates as measured by 
percent occurrence, ~imbalier Bay, 1973. 

Species l) 

Total 
Station and Collection Period Number 

PB-1 AB-1 AB-2 PB-2 o f Percent 
W Sp Sum W Sp Sum W Sp Sum W Sp Sum Specimens Occurrence 

Spiochaetopterus ocuZatus 
Paraeurythoe americana 
Lwnbrineris parvapedata 
L. bassi 
GZycinde pozygflatha 
Hamothoe trimaoulata 
Heterornastus fiziformis 
IVotornastus Zatericeus 
Mage Zona cincta 
Sigambra tentacuzata 
Gyptis capensis 
Prionospio sexoeuZata 
EucZyrnene sp. 
PoZydora sociaZis 
MyriocheZe bioculata 
MuZinia lateralis 
Cosswa hoodi 
Aedicira paZzida 
Neanthes succinea 
Paraprionospio pinnata 
AncistrosyZZis hamata 

X  X X  X X X  X  X  X  X  X X  
X  X X  X  X  X  X  X  X  X  X X  
X  X X  X X X  X  X  X  X  X X  
X  X X  X X X  X X X  X  X X  
X  X X  X X X  X  X  X  X  X X  
X  X X  X X X  X X X  X  X  
X  X X  X X X  X  X  X  X X  
X  X  X X X  X  X  X  X  X X  

X  X  X  X  X  X X X  X  X X  
X  X X  X X X  X X X  X  X  
X  X X  X  X  X X X  X  X X  
X  X X  X  X  X  X  X  X X  
X  X X  X X X  X  X  X  X  
X  X  X  X  X  X  X  X  X  X  
X  X X  X  X  X X X  X  
x2: x2) X  X X X  x2! x2) x2) 

X  X X  X  X  X  X X X  
X  X  X  X X X  X  X X  
X  X  X  X X X  X  X X  

X  X X  X X X  X  X  
X  X  X  X  X  X  X  X  

1) All species are ~olycFlaetous annelids except for the pelecypod Mulinia lateralis. 
2) Data included tor two stations in the vicinity. 
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TABLE 11. Principal living foraminifera species 
of Timbalier Bay, 1973. 

Species 

In te r t ida l  

A l l  S u b t i d a l  

>iud Sand Subs t r a t e s  

Amoastuta inepta 

Ammonia b. var. parkinsoniana 

A. b. var. tepida 
Anrmatiwn diZatatm 

A. saZswn 

ArenopareZZa mexicana 

BoZivina striatuZa 

Elphidim gunteri 

E. matagordanm 

E. poeyanwn 

E. vadescens 

HapZophragmoides maniZaensis 

H. wiZberti 

NonioneZZa atlantica 

N. opima 

PaZmerineZZa gardenisZandensis 

QuinqueZocuZina compta 

Q. funafutiensis 

Q, Zamarckiana 

Q. rhodiensis 

&. tenagos 

Trochmina infZata 

are included. Regardless of which data are used in the analyses of index 
of similarity, the figure is less than 0.7 at Ieast 75% of the time. While 
there were 11 species of polychaetes that were present in at least 90% of 
the collections (table 1 l), the dominance of Spiochaetopterus at all 
stations in all collections reduces the index values when data for this 
polychaete are excluded. For example, the high index of similarity be- 
tween ambient station ABI and drilling station PB2, which was essen- 
tially 1.0 at all three dates, dropped to between 0.18 and 0.32 when the 
data for Spiochaetopterus were excluded. 
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FIG. 36. DENDROGRAM FROM THE CLUSTER ANALYSIS OF BENTHIC 

BIOLOGICAL DATA FROM TIMBALIER BAY. 
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FIG. 37. DENDROGRAM FROM THE CLUSTER ANALYSIS OF THE 

POLYCHAETE BENTHIC DATA FROM TIMBALIER BAY. 
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The index of similarity does not seem to indicate any marked 
seasonal difference in the benthic populations. There is a slight indication 
of greater similarity between stations in summer than in winter, This can 
be noted particularly in the comparisons of ambient station A B I  with the 
other stations. 

The benthic biological results in Timbalier Bay were subjected to 
cluster analysis using all polychaete, crustacean, and mollusc data (figure 
36), and using all poIychaete data (figure 37). The combined data in- 
cluded collections made in winter, spring, and summer 1973, and the 
polychaete data included collections made during the same seasons plus 
two samplings taken in fall 1973. With the combined data for the three 

W- 

I 

PB~S~I 
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animal groups, three distinct assemblages are noted, which coincided, in 
part, with the seasons (figure 36). The four summer stations fell out as a 
group. The four winter stations were grouped with two spring stations. 
The two remaining spring stations were together in one group. No 
benthic biological differences existed between the platform stations and 
the ambient stations when this method of analysis was used. 

The dendrogram drawn from the polychaete data showed a 
separation of the stations according to the season (figure 37). The four 
winter collections were separated as a group with two subdivisions. The 
remaining 10 collections were grouped according to season but were 
added one-by-one in a step-wise cluster. 

Sample Replication-In conducting his study of the polychaetes of 
Timbalier Bay, Kritzler (1974) made 16 replicates at each station during 
each collection period. Each replicate was processed separately, and the 
data were presented separately in individual reports. Although not all 
replicates and stations were analyzed, the data presented afford a unique 
opportunity to determine how many replicates one should take at a site 
to  characterize that particular locality adequately. These data based on 
14-16 replicates at 14 stations were plotted in figure 38 according to 
range, mean, and standard deviation for those polychaete species 
represented six or more times when the data from all replicates were 
combined. This latter exclusion of some data was based on the 
elimination of species with five or fewer specimens from cluster analysis 
(Boesch 1977). 

It is apparent from both graphs in figure 38 that with each ad- 
ditional replicate, the ranges and standard deviations become less. It was 
necessary to take 10 replicates in order to gather 90% of the polychaete 
species present within an area, but when those species present fewer than 
six times were excluded, the 90% recovery was reached by the third 
replicate. Apart from the mathematical interpretation of these data, one 
must also consider the effort and money involved in sorting and iden- 
tifying the organisms from the additional replicates. Each replicate 
requires essentially the same amount of time for identification and 
enumeration. Do we achieve, in this instance, over three times the 
amount of information for analyzing 10 samples rather than three? We 
think not. Since pelagic larvae are common in polychaetes, larval set- 
tlement can occur over wide areas, including those not necessarily within 
their optimum environment. Undoubtedly, we are encountering many 
such species within Timbalier Bay. Of the 82 species of polychaetes 
reported by Kritzler from Timbalier Bay, 39, or 48%, of the species 
encountered were represented by fewer than 6 specimens. Many of these 
species are more common offshore; but because of the absence of knowl- 
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edge of the quantitative distribution of most of these species, the num- 
ber of typically offshore inhabitants settled in Timbalier Bay is unknown. 

Timbalier Bay Foraminifera 
The intertidal benthic Foraminifera population in TimbaIier Bay 

was determined by Fish et al., and the subtidal by Ostrom. A total of 59 
living species was collected from the bay in these two studies (Appendix 
1, p. 103). No additional analyses of these data have been carried out in 
connection with this re-examination; because Foraminifera are so im- 
portant in oil exploration, however, and because these organisms have 
been utilized as indicators of stressed conditions in the environment 
(Shafer 1973), a generalized synthesis of these reports is presented here. 
In addition, Foraminifera are the only group of benthic organisms for 
which prior data for Timbalier Bay were available (Waldron 1957). Only 
the living species are discussed here. 

The presence or absence of a particular species of Foraminifera in 
Timbalier Bay was found to be dependent upon the type of substrate, the 
salinity, and the tidal level. In general, the sediments became coarser in 
texture as one moved from the inner bay to the entrance. The salinity 
also increased towards the entrance of the bay. 

The subtidal benthos in Timbalier Bay was dominated by 10 living 
species of Foraminifera, all of which were distributed throughout the bay. 
Generalized peaks in distribution were noted in some of these species. 
Among those species that reached population maxima in the inner 
reaches of the bay were Ammonia beccarii var. parkinsoniana; Ammonia 
beccarii var. tepida, which peaked near ambient station AB1; and EI- 
phidium vadescens, which peaked near production station PBl.  Middle 
bay primary inhabitants included Elphidium rnatagordanum, E. poeya- 
num, and Quinqueloculina tenagos. Principal inhabitants of lower bay 
areas included Ammotium salsum, Elphidium gunteri, and Palmerinella 
gardenislandensis. Bolivina striatula is an offshore inhabitant, but some 
living specimens were found throughout the bay. 

Many of the principal intertidaI species were also dominant members 
of the subtidal benthos (table 11). While these species were widely 
distributed throughout the intertidal reaches of the bay, the majority of 
the species were more commonly present in association with a particular 
substrate type. The intertidal mud association was dominated by seven 
species of Foraminifera, one of which, Ammotiwn salsum, was also an 
important species in the subtidal zone. Eight species were the principal 
components of the sand association, of which Elphidium matagordanum 
and E. poeyanum were important in the subtidal environment. Three 
species, Ammonia beccarii var. parkinsoniana, A. b ,  var. fepida, and 



88 RICE UNIVERSITY STUDIES 

Elphidium gunteri, were present in all intertidal collections, as well as 
being important components of the subtidal foraminiferan fauna. 

In summary, a knowledge of the living foraminiferan populations 
can be useful in indicating environmental conditions. It has been shown 
by others (e.g,, Shafer 1973) that living species composition is a useful 
indicator of varying degrees of environmental stress near domestic 
sewage outfall discharges. While the relationship of foraminiferan species 
to oil spills or oil refinery discharges has not been established, it is 
reasonable to assume that some type of correlation can be expected. 
Comparisons of the Foraminifera data reported by Ostrom (1979) and 
Inabinet and Fish (1979) to the earlier work by Waldron indicate that 
there has been no appreciable change in the foraminiferan fauna in 
Timbalier Bay in the past two decades. 

Marine Algae 
Qualitative comparisons of the benthic algae of Timbalier Bay and 

offshore waters are indicated in Appendix 1. Numerically, there were 28 
and 40 species of Chlorophyta, 26 and 22 species of Cyanophyta, 12 and 
20 Phaeophyta, and 18 and 38 Rhodophyta in the bay and offshore area 
respectively. The reduction in the number of species of Chlorophyta, 
Phaeophyta, and Rhodophyta in Timbalier Bay is probably related t o  the 
lower salinities and higher turbidities (Humm and Bert 1979). The en- 
vironmental difference noted in the offshore area is similar to one that 
shows the influence of the Mississippi River plume. 

Twenty-three species of algae were present within the bay but not 
offshore, whereas 55 species were restricted to offshore habitats. Fewer 
species of algae, especially blue-greens and reds, were collected from 
those offshore platforms within or near the Mississippi River plume than 
in Timbalier Bay. The four distant offshore platforms studied were rich 
in greens, browns, and reds. 

The use of benthic algae in assessing potential damage as a result of 
oil drilling and production activities is of limited value unless it is known 
what species were present before operations began. The use of algae as a 
means of assessing environmental damage as a result of an oil spill would 
be valuable in determining the latitudinal, longitudinal, and bathymetri- 
cal extent of any destruction. Because of the influence of such environ- 
mental parameters as salinity and turbidity, particular care should be 
exercised in making such comparisons; platforms must be within similar 
conditions in order to draw valid conclusions. 

On the basis of data collected during the OEI program and algal 
studies previously conducted in Louisiana (Humrn and Bert 1979), we 
have identified no significant adverse effect upon the algae of Timbalier 
Bay or offshore waters during the past 35 years of operations. 
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Offshore Oil Platform Fouling Organisms 
The occurrence and bathymetric distribution of fouling organisms on 

offshore oil platforms were studied by the examination of existing 
populations on platform legs and by the suspension of test panels at 
various depths for a 60-day period. Knowledge of the existing population 
on the platform legs is particularly valuable in assessing the damage t o  
marine organisms if there is an oil spill or other environmental stress. 
Because such organisms exist from the intertidal zone to  the sediment 
line, it is also possible to measure the extent of damage due to such a 
stress. Since the larger and more conspicuous fouling organisms are 
attached species, they serve as indicators not only of present en- 
vironmental conditions, but also of previous ones, much the same as 
benthic species serve as indicators of bottom environmental conditions. 

Because the data collected from platform 54A are largely qualitative, 
it is not possible to analyze them with a computer-assisted program. The 
purpose of this supplemental analysis is to discuss the importance of this 
biological community as a means of monitoring the environmental 
conditions of the water mass surrounding an oil platform. 

The dominant species present on platform 54A's legs are diagram- 
matically represented in figure 39. Beginning at the mean low tide level, 
the green alga Enteromorpha sp. dominates the upper 1 rn of the leg, 
with the amount rapidly diminishing below the upper 5-10 cm of growth. 
The barnacles Balanus reticulatus and B. improvisus and the hydroid 
Syncoryne sp. are interspersed throughout the Enteromorpha zone. Be- 
low 2 m, Enteromorpha is replaced by the sea anemone Aiptasia sp., and 
there are larger and more frequent occurrences of the two species of bar- 
nacles. Between the depths of 7.5 and 12 m,  the barnacles diminish in 
numbers and the hydroid Bouganvillia tennella dominates the associa- 
tion. Balanus reticulatus is the principal barnacle species, while B. fintin- 
nabulum and B. improvisus are only infrequently present. Below 12 m, 
hydroids such as the Bouganvillia dominate the fouling material; a few 
serpulid polychaete worm tubes are also present. 

Many additional species of marine invertebrates are present within 
the masses of dominating fouling organisms. Such organisms may either 
be free-living or attached forms, such as sponges, nematodes, poly- 
chaetes, crustaceans, and molluscs. Many may occur seasonally, so a 
knowledge of the seasonal occurrence of these smaller species is essential 
before such data can be utilized in environmental assessment. 

Suspension of test panels for a sufficient length of time has been 
useful in assessing environmental conditions (Reish 1971). Because 
succession may occur, however, the species composition may not 
necessarily correspond with that present on a platform leg at a given 
depth. The chief value of the test panels is that they ease collection and 
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Frc. 39. DIAGRAMMATIC REPRESENTATION OF THE PRINCIPAL MARINE 

FOULING ORGANISMS ATTACHED TO PILINGS AT PLATFORM 54A. 
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biological analysis, As in the case of studying the fouling growth on 
platform legs, the larger the number of oil platforms used for suspension 
of test panels, the more useful the data. 

In summary, an in-depth knowledge of the fouling organisms pres- 
ent on either platform legs or on test panels can be useful in measuring 
the effects of an oil spill or other environmental stress, if it should occur. 
Particular care must be exercised in identification of the organisms, and 
in noting the tidal level, the season, and the locality of the collection, in 
order to obtain meaningful data. There are limitations t o  the use of 
fouling organisms in evaluating the possible effects of oil platform ac- 
tivity in the OEI studies since there are no other offshore structures (not 
associated with oil activities) with which to make comparisons. As we 
stated above, fouling organisms are particularly useful as a monitoring 
device. In the event of an environmental stress or disaster at a given 
point, the biological communities on platform legs should be examined 
for destruction of marine life. Nearby platforms should be examined, in 
addition, in order to assess the extent of these effects. Test panels, if 
they have been utilized previously, can also be examined for possible 
bathymetric damage as well as latitudinal and longitudinal damage. The 
more thorough the background data on fouling organisms, the more 
useful these data become in assessing damage. 

0 ffshore Macroin vertebrates 
Benthic samples used for analyses of marine macroinvertebrates 

from the shallow offshore Louisiana waters are limited in both the 
number taken and in biological analyses made. It is possible to compare 
only the mollusc and crustacean data for the January and April I973 per- 
iods from the production platform station 54A, and ambient stations 
17A and 22A (located 2 and 12 miles, respectively, from station 54A). 
The sediments at all three stations were predominately sandy. An 
evaluation of the molluscan and crustacean data presented by Farrell 
(1979) does not give any indication of a clearly defined benthic com- 
munity. All samples contained pelecypods, gastropods, amphipods, and 
cumaceans, but of the species in these groups, none was characteristic of 
all stations. The dwarf surf clam, Mulinia lateralis, was very abundant at 
the station 12 miles from the platform, but only one specimen was taken 
elsewhere. Other species were also found in abundance at one or two 
stations but not at other stations. 

On the basis of the offshore benthic biological data, we found no 
indications that the benthic macroinvertebrate community structure has 
been altered as a result of the offshore oil production in Louisiana. It is 
unfortunate that the other groups of invertebrates, including coelen- 
terates, nemerteans, sipunculoids, polychaetes, ophiuroids, and cephalo- 
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chordates were not identified, because with such additional data it may 
have been possible to draw a more positive conclusion. 

Discussion 
The OEI benthic biological data from Timbalier Bay and the shallow 

offshore waters of Louisiana were re-examined with and without the 
assistance of computer analysis. Data consisted of the quantitative 
distribution of polychaetes, molIuscs, crustaceans, and foraminiferans, as 
well as the qualitative occurrence of benthic algae in Timbalier Bay and 
offshore platforms, and also of fouling organisms attached to offshore 
platform legs. 

With the exception of a previous study of the foraminiferans in 
Timbalier Bay, no  data from previous quantitative studies of these 
organisms in the OEI study area were found. Ostrom occupied some of 
the same stations as Waldron. The data from these two studies were 
compared using the Morisita-Ono index of faunal similarity, which in- 
dicated no significant change during the past two decades. 

In the absence of previous data on the occurrence and distribution 
of benthic fauna, data collected near platforms were compared to those 
collected some distance from any oil production or drilling activity. By 
and large, regardless of the type of analysis, the conclusions were 
similar-ambient station ABl had greater affinity to drilling station PB2 
than to the other stations. The close affinity of these two stations was 
largely the result of a large population of Spiochaetopterus, since the 
index of affinity was low when the Spiochaetopterus data were excluded 
(see figure 35). In one type of cluster analysis with the polychaete data 
(figure 37), the separation of stations was by season rather than by 
station. 

Analyses of the species composition of bay and offshore benthic 
algae indicate that salinity and turbidity play an important role in the 
distribution of these species. Salinity reduction and increased water 
turbidity from outer to inner Timbalier Bay or offshore towards the 
Mississippi plume caused a reduction in the number of species of greens, 
browns, and reds. 

If drilling and production operations had added appreciable amounts 
of hydrocarbons to  Timbalier Bay during the past 25 years, then one 
would expect to find measurable effects in the benthic community. The 
faunal index would be reduced at the stressed stations, and the 
populations in the affected areas would separate from the ambient 
stations in a cluster analysis. Furthermore, if there had been a buildup of 
hydrocarbons or other pollutants, then one would expect a reduced 
benthic fauna and the appearance of pollution-tolerant species, such as 
Capitella capitata, in large numbers at the affected localities. No separate 
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pollution-tolerant population of benthic organisms was found at any of 
the localities studied. 

It is undetermined how the benthic fauna in the shallow Timbalier 
Bay area is affected by trawling for shrimp or by boating, but it is 
known that the wake of such boat activity is etched into the surface 
sediments. If such activity is of significance, then some macroin- 
vertebrates, especially free-living epibenthic species, would be susceptible 
t o  exclusion, but others, such as Spiochaetopterus, would retreat down- 
ward in their tubes and later reconstruct the upper end, if it had been cut 
off. Spiochaetopterus constructs a cylindrical, annulated, translucent, 
flexible, horny tube, one end of which is extended into the substrate. 
This species is apparently able to tolerate sediment removal and 
deposition that may be the result of any natural or man-made cause. 
None of the dominant species listed in table 10 is truly epibenthic; 
Paraeurythoe americana and Gyptis capensis live in the upper 1 to 2 cm 
of sediment. As they would presumably be affected by boat activity, they 
may be stirred up with the sediment and transferred to  another locality. 
The constant reworking of the sediment would, in the long run, lead to a 
similarity in sediment characteristics throughout the bay, which in turn 
would lead to a similar benthic community in the bay. This is essentially 
what the benthic biological conditions were in Timbalier Bay in 1973, 
when it was characterized by sandy silt or silty sand sediments and 
dominated by the polychaete Spiochaetopterus, 

Conclusions 
Analysis of the benthic biological data in Timbalier Bay and off- 

shore waters does not indicate any environmental stress resulting from oil 
drilling and production activities. Variations in biota are the result of 
salinity or turbidity variability rather than of environmental changes 
resulting from petroleum-related operations. The presence of a rich and 
diversified polychaete, algae, and foraminiferan population at all areas 
sampled, together with the absence of any indication of a stressed biotic 
community at any locality, lead us to conclude that oil drilling and 
production activities have not adversely affected environments in the OEI 
study area of Louisiana. 

CRITIQUE OF THE OEI "CONSENSUS CONCLUSIONS" 

The 1974 consensus conclusions of the GURC OEI Program Council 
have been presented previously (Morgan et al. 1974). One objective of 
the re-examination was evaluation of the OEI data base using com- 
puterized and computer-assisted methods for synthesis and interpretation. 
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These evaluations have also been directed to determining the value of the 
experience and knowledge gained from the OEI as related to the original 
conclusions. We hoped to gain knowledge from retrospective evaluation 
of the program rationale and design to serve as the basis for formulation 
of recommendations for future studies. A restatement of the OEI 
conclusions and our critique of each conclusion follows: 

Conclusion 1: "Timbalier Bay has not undergone significant eco- 
logical change as a result of petroleum drilling and production 
since just prior to 1952 when other more limited baseline data 
were generated." 

An intensive review of the data base and references to historical data 
that are pertinent to time-change comparison purposes leads us to the 
conclusion that, on the basis of historical comparison alone, this conclusion 
is not sufficiently supported by the evidence. Direct evidence acquired 
during the OEI, however, does support the conclusion. 

In the logic and rationale of the OEI program, historical comparisons 
were only one of three elements that constituted the "substitute time 
trajectory." Comparisons of ecological health with comparable ecosystems 
and the exercise of individual judgment based on cumulative scientific 
experience were also used to arrive at the Council's consensus conclusions. 
In our judgment, the combination of these three criteria would suggest 
more scientifically supportable conclusions: 

Existent historical ecological data, which mostly consist of knowl- 
edge of the Foraminifera, indicate n o  significant changes in the 
Timbalier Bay ecosystem as a result of petroleum drilling and 
production. Further, the ecological health (as judged against 
comparable ecosystems) and the low concentrations o f  both 
hydrocarbons and trace metals in the environment argue that the 
OEI study area probably has not suffered. 

While sufficient baseline data were not available to support Conclusion 
1 fully, the existing data indicate that the conclusion is probably valid, but 
further confirmation is needed. The existence of the OEI data base, which is 
now a 5- to  7-year-old baseline, offers the opportunity for at least a partial, 
and important, confirmation or invalidation of this conclusion, by offering 
a means for determining whether changes subsequent to the OEI have 
occurred. 

Conclusion 2: "Every indication of good ecological health is pres- 
ent. The region of the sampling sites is a highly productive one 
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from the biological standpoint, more so than other regions thus far 
studied in the eastern and open Gulf of Mexico." 

The OEI data support this conclusion. While our appraisals were 
confined to the OEI data per se and t o  the reports of the OEI Principal 
Investigators, those indices currently used by others to  indicate ecological 
health support the conclusion, in our opinion. Furthermore, the in-depth 
examinations of the data-exercised primarily in seeking alternative 
rationales and experimental approaches-have developed statistical 
summaries that further support the conclusion, while generating no 
statistical evidence to the contrary. 

More conclusive statistical evidence to validate or invalidate the 
conclusion might have been generated through a more effective basic 
rationale using different measurements, parameters, spatial and temporal 
density, and patterns. 

Probably the evidence to  support this conclusion is more convincing 
for the bay than for the offshore area, as a consequence of there being 
greater data density for important parameters (especially the benthos) for 
the bays. 

Therefore, we concur with the conclusion, but with the reservation 
that it should be further confirmed by using the newly available baseline 
data for other Gulf areas as the means for conducting a more com- 
prehensive comparison of habitats and communities to determine relative 
ecological health and productivity as a function of habitat parameters. 
The data of Fucik and El-Sayed (1979), Marum (1979), and Brent et al. 
(1979) adequately document the high biological productivity of the OEI 
study area. 

Conclusion 3: "Concentration of all compounds which are in 
any way related to drilling or production are sufficiently low to 
present no known persistent biological hazard." 

The OEI data on hydrocarbon and trace metal contamination that 
might be related to oil drilling and production generally support this 
statement, with the exception that the OEI did not address "all com- 
pounds" in a comprehensive sense. The OEI data show concentrations 
within the bay and the offshore area as being generally below those con- 
sidered significant for biological uptake and cumulative effects. However, 
the data regarding hydrocarbon compounds are inadequate to eliminate the 
possibility of subtle cumulative effects that may be due to specific 
hydrocarbon compounds or specific chemical combinations of trace metals 
in the environment. Again, in the absence of data to support a completely 
sound statistical treatment, it is necessary to  view the rather extensive 
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evidence that is contained in the OEI data base in the light of more broadly 
applicable evidence-i.e., that of very low concentrations of trace metals 
and petroleum fractions, of concentrations of fractions less than or 
comparable to those reported for the Gulf and for the world's oceans, and 
concentrations quite low as compared with regulatory limits-to draw the 
more supportable conclusion: 

Concentrations of petroleum-related hydrocarbons and trace 
metals found in the OEI area are below those generally considered 
to have biological significance. 

There were insufficient sediment samples analyzed for hydrocarbons in the 
OEI adequately to assess buildup or possible effects on benthic organisms. 

Conclusion 4: "Natural phenomena such as seasonality, floods, 
upwellings, and turbid layers have much greater impact upon the 
ecosystem than do petroleum drilling and production activities." 

The OEI provided abundant evidence to support this conclusion. 
Fortunately, the record Mississippi River flood occurred near the midpoint 
of the seasonal exercises, so that its effects throughout the OEI area were 
dramatically recorded and, importantly, could be compared with more 
stable pre-flood and post-flood periods. The turbid layer, its ecological 
effects, and its origin were defined, conclusiveIy providing baseline in- 
formation about ecological impacts of natural phenomena. The seasonal 
variabilities were of the character and magnitude to be expected and were 
conclusively demonstrated. Such variabilities now permit the development 
of more definitive judgments of the effects of either natural or human 
activity-related variations within the study area described by the OEI data. 

The study area chosen for the OEI is heaviIy influenced by the adjacent 
land mass and receives significant hydrocarbon inputs from the Mississippi, 
which drains two-thirds of the continental United States. Petroleum-related 
hydrocabrons flowing into the Gulf from the Mississippi probably exceed 
all estimates of inputs attributable to oil drilling and production activities. 

CONCLUSIONS BASED ON RE-EXAMINATION OF THE OEI DATA BASE 

I .  The platform versus control site experimental design used in the 
OEI would be valid only if the sites selected proved to be different in one 
or more specific parameters believed to be related to oil drilling and pro- 
duction. Data collected in the OEI did not substantiate that the sites were 
different. However, analyses for hydrocarbons, metals, and nutrients 
were mostly limited to  the water column. 
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2. Methods and procedures used in the OEI were carefully recorded 
(Menzies 1973) to permit subsequent duplication of individual sampling 
and analytical methods and procedures, but use of standard procedures 
was not enforced. Hence, for example, benthic fauna in Timbalier Bay 
and offshore were collected by seven different investigators using dif- 
ferent techniques, making synthesis and interpretation of benthic data a 
formidable task. The synthesis accomplished in this re-examination 
allows for only limited interpretation, an unfortunate circumstance 
considering the time and expense incurred in collecting the data. 

3. The detection and interpretation of low-level, chronic distur- 
bances of ecosystems requires careful attention to  experimental design, 
including such things as selection of appropriate parameters for judging 
effects and methods of collection and statistical treatment of data. Based 
on our review of the OEI program, it is our opinion that most of the 
investigators believed that oil operations associated with platforms would 
produce large, easily detectable sources of contamination, and hence 
would be easily monitored by water column measurements, with little 
need for replication and statistical treatment of data. This did not prove 
to be the case. 

4. Analyses of water column characteristics (physical, chemical, and 
biological) did not lead to definitive conclusions because of the highly 
variable nature of the data collected, 

5. Our analyses of the benthic biological data in both Timbalier Bay 
and offshore did not reveal any indication of a stressed environment near 
or around oil drilling and production platforms. 

6. We wish to re-emphasize conclusion number 4 of the OEI 
Council on the importance of recognizing the effects of natural 
phenomena on results obtained from environmental monitoring and 
analysis. For example, the data of Humm (1974) clearly show a direct 
relationship between the number of algal species on platforms and 
distance from the flow of the Mississippi River. 

7. Programs designed to detect the presence or effects of petroleum 
hydrocarbons should have as a primary component of the experimental 
design the most advanced analytical support for quantifying hydrocar- 
bons in the most likely sinks, especially in sediments and organisms. 

8. The ability to  distinguish environmental change at any specific 
time, based on monitoring programs, is greatly enhanced by the 
availability of historic baseline data. Unfortunately, with the exception of 
the Foraminifera, little meaningful historic data was available to the 
OEI. Hence, the OEI data base represents an invaluable resource for 
detection of changes in the Gulf ecosystem that may occur in the future. 
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RECOMMENDATIONS FOR FUTURE STUDIES 

Existing data bases 

The OEI was conducted with the single purpose of determining the 
cumulative ecological effects of normal petroleum drilIing and 
production operations. Although the results of the investigation did not 
yield evidence of cumulative effects, certain aspects of the study design 
preclude a definitive statement to that effect. Since the OEI was con- 
ducted, however, numerous comprehensive environmental data bases 
have been generated for the northern continental shelf and coastal 
ecosystems of the Gulf of Mexico. These data bases contain much of the 
necessary information to assess the cumulative impacts of offshore 
development, but they have not been put to that use. Using investigative 
methods similar to those employed in this re-examination of the OEI in 
combination with a regional data base, which merges the data produced 
as a result of government and industrial programs in this geographical 
area, we recommend that: (1) the data be synthesized for interpretation, 
(2) the data base be analyzed for adequacy and validity to determine 
process variabilities, patterns of accumulation, etc., (3) relationships be- 
tween contaminants and community structure be determined, and (4) the 
information be synthesized for management decision. 

The data base so generated should also systematically accumulate 
data submitted to federal and state agencies in compliance with drilling 
permits and other petroleum operations. Such a program would con- 
tinuously expand the data base, fill in gaps in time and space, and 
provide valuable quantitative information about point sources concerning 
contaminants and their concentrations. 

Participation in a Gulf study of the nature described above should 
be national in experimental design and in data synthesis and interpretation. 

Future studies 

If a program with the objectives of the OEI were undertaken today, 
we would recommend an experimentaI design that would concentrate 
much less effort on measuring biological and chemical characteristics of 
the water column. Plankton populations are generally so spotty and have 
such high population resiliency that they make detection of chronic 
effects from field studies almost impossible. This same reasoning applies 
to measurements of petroleum hydrocarbons and metals in the water 
column. Intermittent releases at the platforms would result in patchiness 
in distribution, which would be compounded by variable current pat- 
terns. These factors are often further compounded by analytical 
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problems, suggesting that efforts in measuring chemical contamination 
would be better spent in monitoring sediments and/or sessile biota. 

An adequate prior knowledge of the physical environment including 
currents, sediment composition, and stability must be obtained prior to 
the selection of sampling stations. Once knowledge of these factors is 
available, the sampling design can be determined. We would suggest that 
any study designed to detect chronic effects include determinations of the 
following: (1) benthic community composition and structure, (2) 
petroleum hydrocarbon and trace metal contamination of sediments and 
sessile biota, (3) petroleum hydrocarbon and trace metal contamination 
and tainting of commercially important biota, and (4) provision to allow 
for special studies to investigate the significance of any unusual con- 
tamination found in the field monitoring. In addition, many habitats 
may present special cases when the further stratification of sampling 
efforts must be considered, e.g,, benthic substrates, when more than one 
type are important in the area. 

Whenever any large-scale marine ecological program is con- 
templated, it is imperative that all phases of sample collection and data 
analysis and interpretation be thoroughly planned and discussed with all 
scientific disciplines, The nature and amount of data collected must be 
adequate, within the limits of monetary constraints, to accomplish the 
objectives of the study. Collection of data without analysis is meaningless 
and a waste of resources. Constant vigilance and re-analysis is essential 
to avoid merely collecting data for data's sake; all data must be meaning- 
ful and useful to the study. More specific recommendations are: 

1. All sampling stations must be coordinated so that the data from 
one discipline can be used by another. 

2. Natural, as well as anthropogenic, environmental changes must be 
considered in the selection of stations and sampling techniques. 

3. The number of samples taken must be carefully considered in order 
to assure valid statistical analysis. 

4. If the purpose of the monitoring program is to ascertain whether or 
not a particular man-caused activity has caused damage, natural 
areas of sufficient distance, but similar characteristics, must be 
studied in order to draw valid conclusions. Naturally-caused envi- 
ronmental events, such as seasonal run-off from rivers, must be 
taken into consideration in assessing the environmental condition of 
the area. 

5. Since the knowledge of what species of organisms are present in a 
particular environment is essential for making an accurate assess- 
ment of the state of the environment, it is important that the species 
be identified by competent scientists to the lowest possible taxon, 
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preferably to  the level of species. Identification of all species of 
macroflora and fauna may be impossible in some instances because 
of the lack of reasonably good reference works. Therefore, we rec- 
ommend that identification of marine organisms be limited to mac- 
roalgae, polychaetes, molluscs, crustaceans, echinoderms, and fish, 
with the proviso that such requirements be expanded to include 
other groups of organisms that may be of importance to a particular 
area, e.g., corals in tropicaI seas. Because of the importance of 
Foraminifera in oil exploration, we recommend that this group also 
be included in benthic analyses. Only by making such limitations on 
identification of organisms can there be hope t o  accomplish this 
difficult and time-consuming task with sufficient replication to 
minimize errors and t o  compensate adequately and correctly for 
natural variability. 

6. All procedures for the collection and analysis of data should be 
standardized. 

Exceptional caution should be observed in drawing conclusions with- 
out either a comprehensive synoptic interdisciplinary data base or a pre-es- 
tablished minimum set of monitoring data. Misinterpretation of ecological 
phenomena could easily occur if concIusions are based on single elements of 
the ecosystem or on a limited number of parameters. While it appears likely 
that the number of parameters required for ecological monitoring can be 
reduced, reduction in number can be done only after accounting for 
seasonal variabilities and parameter interactions. 
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S y s t e n i a t i c  List of t h e  Mar ine  Organisms Repor ted  f rom t h e  O E I  S tudy  Area 

Compiled by Donald .I. R e i s h  and S .G.  Appan 

Phylum C h l o r o p b y t a  
Batophora oers t ed i i  
Br3opsis hypoides 
d. pennata 
Chaetoniorpha brachygona 
C. y rac i l i s  
C. Zinwn 
C. m i n i m  
CLadophora albida 
C. bractiyeZona 
C. catenata 
C. da Lrnatica 
C. deZieatuZa 
C. fZexuosa 
C. graciZis 
C. repens 
C. ser icea 
C. vagabwida 
Cladopmropsis mer~rbranacea 
Derbes ia  Z m n o u r o ~ i i  
D. vaueheriaeformis 
Enteroirrorpha chaetomorphoides 

T i m b a l i e r  O f f s h o r e  
Bay Wate r s  

Phylum C h l o r o p h y t a  ( c o n t i n u e d )  
E. cZathrata 
Lz. eor~ip~essa 
E. erecta  
I;hteromorpha f Zezuosa 
E. i n t e s t i n a z i s  
E. ZinguZata 
E .  pZmosa 
E. proZifera 
E. sal ina 
E. s p .  
Entocladia v i r i d i s  
Gomontia po Zyrhiza 
Monostroma ozyspei*mm 
Ostreobiwn q u e k e t t i i  
Phaeophi Za dendroides 
Protoderma marinm 
PseudoendocZoizim marinwn 
Pseudotetraspora antillarum 
RhizocZoniwn hookeri 
R. kerneri  
R. kochianim 

T i m b a l i e r  Off s h o r e  
\ d a t e r s  Bay - 



T i m b a l i e r  O f f s h o r e  
Wate r s  Bay - 

T i m b a l i e r  O f f s h o r e  
Wate r s  Bay - 

Piiyluru C h l o r o p h y t a  ( c o n t i n u e d )  
R. ripariwn 
It. tortuoswn 
Stichococcus inwinus 
Ulotkr ix  flacca 
Ulva cwva ta  
ULveZZa lens 

Phylum P y r r h o p h y t a  
C e r a t i m  fusus 
ExuviaeZZa conpressa 
Gonyaulm diegensis  
G. j 'ragilis 
G. monilata 
C. po Zygrwnma 
G. s p .  
G. turDy'?Ze 
Peridiniuni peZZucidiwn 
P. trochoidewn 
Prorocentrwn graci le  

Phylum Chryophy ta  
AsterioneLla japonica 
Bacteriastrwn dezicatwn 
BidduZphia inobiZiensis 
Cerataylina peZagica 
Chaetoceros a f f i n i s  
C. a tzant icus  
C. cornpressus 
C. curvisetus  
C.  decipiens 
C. didyrnus 
C. LacGziosus 
C. Zorenaianus 
C. messanensis 
C. pelagicus 

Phylum Chryophyta ( c o n t i n u e d )  
C. pseudocurvzsetus 
cg. s p .  
Corethron criophilwn 
Coscinodiscus centraZis 
C. radiatus 
CycZotelZa s t r i a t a  
C. sq. 
DentzcuZa ebegans 
Dictuocha f ibula 
Euconpia cornuta 
Guinardia fzaccida 
llemiaulus s inensis  
Leptocy Zindrus danicus 
MeZosira sp. 
Nitzschia cZosteriwn 
R. pungens 
N.  subfraudulenta 
N .  v i t r e a  
N.  sp. 
PZeurosigma navicuZacewn 
Rhizosolenia aZata 
R. caZcar-avis 
R. deZicatuZa 
R. fragiZissima 
R. se t igera 
R. shrubsozii 
R. s t o z t e r f o t h i i  
R. styZiforrnis 
SkeZetonema costarvm 
Synedra acus? 
l"haZassionema ni taschioides  
ThaZassiosira aest iuaZis  
2'. decipiens 
1: excentrica 
T. oes t rup i i  
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Phylum Chryophyta ( c o n t i n u e d )  
T .  rotuZa 
2'. s p .  
l ' ha l la s s io thr i r  mediterransa 

Phylum Cyanophyta 
Agmene 2 Lv~n therrna Le 
Anac3si;is aerugz~zosa 
A. diriiid i a ta  
A. marCla 
A. monlam 
Caiothrzr crustacea 
CoccocnZor i s  elabens 
C. s tagnina 
EiztophysaLis corzferta 
C. deusta 
Go;aniphosphaeria aponina 
Jolziznesbaptista peZZucida 
i4astigoco Leus testarwn 
ilicrocoZevs Z~tzgbyaceus 
M. uaginatus 
Nostoe spwnigena 
OsciZLatorza erythraca 
0. l u t ea  
0. subniorbranacea 
Porphyrosij~hoion k u r z i i  
17. i zo tar is i i  
Schizothrirc arenaria 
S. calczco La 
S. mexicana 
S. Lerzerrirna 
b[)z~~uLi?zu suhsa2sa 

T i m b a l i e r  O f f s h o r e  
Bay l i a t e r s  

Phylum Phaeophyta 
Acinetospora c r i n i t a  
Ascocyc7us orbicuLaris 
Baehe Latia a n t i  L larv~n 
Ecrocarpus dasycarpus 
E. eZachistaeformis 
E. intemnedius 
8. uariabiLis  
Gi f fordia  coni fera 
G. indiea 
G. rni LcheZZae 
G. raZZsiae 
ilerponema tortugense 
Hwronia onusta 
i lyr iotr ichia  svbcorymbosa 
Phaeostroma pusi ZLvm 
Pseudostictyosiphon onustus 
Sargasswn f Luitans 
S. nalans 
S. sp .  
SphaceZaria furcigera 
S. t r ibu lo ides  
Spongonema tomentoswn 

Phylum Rhodophyta 
Acroclzaetiwn aizliZLarv~n 
A. c ras - i  e s  - ?. 
A. dufourzz 
A. flexuoswn 
A. graci Le 
A. hou t i i  
A. saryaca>l*m? 
A. sancti-thomae 

T i m b a l i e r  Of f  s h o r e  
Waters  Bay - 
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APPENDIX 1 (continued) 

Class Polychaeta (continued) 
Owenia jlcsiformis 
Paraeurythoe mericana 
Pa~aonid 
Paraprionospio p inmta  
Pectinaria gouZdii 
Pi largis  verrucosa 
P i s ta  niirabilis 
Poecilochaetus sp. 
PoZydora sociaZis 
Pomatoceros sp. 
Prionospio caspersi  
P. c~rrz j ' e ra  
P. sexoculata 
Sabe L La inicrophtizaZma 
ScoLopZos ruhra 
Se~niodera rober t i  
Sigambra teiztacuZata 
Sphaerosy ZZis sp. a 
S .  sp. b 
Spiochaetopterus c o s t a r m  
Spiophanes bombyz 
S. soederstronli 
StheneZais ar tzculata  
S. boa 
StrebZospio belledieti  
S y l l i d i a  amnata 
l'haryz moniZaris 

Phylum Sipunculoldea 
Sipunculids 

Phylum Mollusca 

Timbalier Offshore 
Bay Waters 

Class Gastropoda 
Anaehis avara 
A. obesa 
Busycon c o n t r a r i m  
Cantharus canceZZarius 
CrepiduZa fornicata 
Dis tors io  cZathrata 
Epitonium krebsi  
E,  rupicoZa 
MitrelZa sp. 
Pfurex fuzvescens 
Nassarius acutus 
N. v ibez  
Nudibranchia 
OZiva sayana 
Po Zinices dup Zicatus 
S i n m  perspec t i vm 
Yerebra disZocaLa 
Thais haemastoma 
Thais sp. 
Turbonil la  sp. 

Class Pelecypoda 
Aequipecten irradians 
Anadara ooaZis 
A. transversa 
Chione canceZZata 
C. grus 
C. LatiZirata 
CorbuZa so. 
Crassostrea v irginica 
DipZodonta punctata 
Docinus discus 

Timbalier Offshore 
Bay Waters 



T i m b a l i e r  Of f shore  
Bay Waters  

T i m b a l i e r  O f f s h o r e  
Bay Waters  

C l a s s  Pe lecypoda  (con t inued)  
D o m  tezaszanus 
Ensis minor 
Lithophaga a r i s t a t a  
Ikzcoma rnitchiZZi 
M. sp .  
Mercenaria campeehiensis 
MuLinia Zatera Lis 
Noetia ponderosa 
Nucu La prozirna 
iiiucuZana coneentrica 
Ostrea equestr is  
So Len v i r i d i s  
TeZZidora c r i s t a t a  
I'eZZina aZternata 
2'. i r i s  

C l a s s  Cephalopoda 
Dorytheutlzis pZei 
LoZigo pealei 
LoZZiyuncula brev i s  
Octopus vulgaris  

Phylun~  Arthropods 
C l a s s  C r u s t a c e a  

S u b c l a s s  Copepoda 
Order  C a l i g o ~ d a  

CaZigus s p .  a  
C .  s p .  b 
C, sp .  c 
C. s p .  d 
Lemzaeocera s p  . 

Order Ca lano ida  
Aeartia danae 
A. tonsa 

Order  Ca lano ida  ( c o n t i n u e d )  
Acrocazanus Zongicornis 
AnoniaZocera ornata 
CaZanopia aniericana 
CalocaZanus pavo 
C. stij l iremis 
Candacia c-rrta 
C. pachydacty l a  
Ceiztropages furcatus 
C. lwmatiis 
C. v e l i f i c a t u s  
CZausocaZanus furcatus 
C. jobei 
EucaZanus crassus 
6. IzyaZinus 
E. pi leatus  
E. seweZZi 
Euchaeta marivia 
Eucl?ireZ La rost~qata 
Eury temm himlndoides 
Iabidocera acut i frons  
L. aes t i va  
Lucicutia gavssae 
NamwcaZanus niinor 
NeocaZanus grae i l i s  
N. robust ior  
Paracalaizvs acuZeatus 
P. c rass i ros t r i s  
P. indicus  
Paraeandacia sirnp Zez 
PZemoinmna abdoniina Zis 
P. piseki  
PonteZZa s e c u r i f e ~  
PontelLo~>sis viZZosa 
Pseudodiaptomus coronatus 
Rlzincalaizz~s corntutus 



APPENDIX 1 (continued) 

Order Calanoida (continued) 
SeoZecithrix danae 
Z'emora s ty  Zij'era 
T. turbinata 
Tortanus setacaudatus 
UndinuZa vulgaris 

Order Cyclopoida 
CopiZia rnirabiZis 
Corycaeus mazonicus 
C. czausi 
C. giesbrechti 
C. Zatus 
C. zautus 
C. Zimbatus 
C .  oval is  
C. speciosus 
C. subuzatus 
Cyclopolda sp .  
Fa'arranuZa carinata 
F. graciZis 
P. rostrata 
Lubbockia squillitnana 
Oithona breuicornis 
0. n a w  
0. plumifera 
0. s imi l i s  
0,  simpZex 
Oncaea curta 
0. meditc~~ranea 
0. venusta 
Sapphirella sp .  a 
S. sp. b 

Timbalier Offshore 
Bay Waters 

Order Cyclopoida (continued) 
Sapphirim nigromacuLa-ta 

Order Harpacticoida 
CZytemestra rostrata 
C. scuteZZata 
Euterpina acutifrons 
MacroseteZZa graeiZis 
Microsete ZZa norvegica 
M. rosea 
Miracia ef ferata 
Harpacticoid sp .  a 
Harpacticoid sp .  b 
Harpacticoid sp .  c 
Harpacticoid sp .  d 
Harpacticoid sp. e 
Harpacticoid sp. f 
Harpacticoid sp .  g 
Harpacticoid sp .  h 
Harpacticoid s p ,  i 
Harpacticoid s p .  j 
Harpacticoid sp. k 

Subclass C i r r i ped i a  
BaZanus amphitrite 
B. eberneus 
B. improvisus 
B. reticuZatus 
B. tintinnabuZmr 
Lepas sp .  

Subclass Malacostraca 
Order Stomatopoda 

Timbalier Offshore 
Bay Waters 



RE-EXAMINATION OF THE OEI 
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APPENDIX 1 (continued) 

Order Decapoda (continued) 
IsocheZes wurdmanni 
Labina dubia 
Latreutes fucorwn 
L. parvuZus 
Leander tenuicornis  
Libinia  dubia 
i~etoporhaphis calcarata 
Neopanope texana 
Ogyrides azphaerostris 
0. ZZ~nicoZa 
OvaZipes guaduZpensis 
Paguridae 
Paguristes h m i  
Pagurus annu2ipes 
P. Zongicarpus 
P, poZZicaris 
P. sp. 
PaZaemonetes vulgaris  
Panopeus h e r b s t i i  
Penaeus aztecus  
P. duorarwn 
P. f Zuviat iZis  
P. s e t i f e r u s  
Persephona c r i n i t a  
P. punctata 
P. sp. 
Petrochilaus diogenes 
P. bahmensis  
Pi Zvmus pannosus 
Pinnixa c r i s t a t a  
P. sp. 
Porcellanidae 

Timbalier Offshore 
Bay Waters 

Order Decapoda (continued) 
PorceZ Zana sayana 
Portunldae 
Portunus gibbesi  
P. spinimanus 
Processa henphi Z Z i  
Sicyonia brev i ros t r i s  
S. dorsal is  
SynaZphaus towflsendi 
Trachypenaeus constr ic tus  
T. s imi z i s  
Upogebia sp. 
Xanthidae 
Xiphopeneus kroyeri  

Phylum Ectoprocta 
Acanthodesia sp. 
BuguZa n e r i t i m  
Membranipora sp. 

Phylum Echinodermata 
Class Asteroidea 

Astropecten dupzicatus 
Luidia c lathrata 

Class Echinoidea 
Arbacia pmc tu la ta  

X Class Ophiuroidea 
X Ophiutoidea 
X 
X Phylum Chordata 
X Class Tunicata 

Timbalier Offshore 
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T i m b a l i e r  O f f s h o r e  
Waters Bay - 

T i m b a l i e r  O f f s h o r e  
Waters Bay - 

C l a s s  T u n i c a t a  ( c o n t i n u e d )  
A s c i d i a n s  

C l a s s  P i s c e s  
Anchoa hepsetus 
A. 2yoZepis 
A. mitchiZZi 
A. nasuta 
A. sp .  
A n q u ~ l l x f o r m e s  
Antennarius radiosus 
Archosargus probatoceplaZus 
Arius f e z i s  
Bagre mariizus 
Bairdie l la  chrysura 
BaZistes capriscus 
Both idae  
Brevoortia paironus 
Cara~w: crysos  
C. hippos 
Carcharhinus Zeucas 
Canthidermis sufflmiien 
Centropris t is  ocyurus 
C. philadelphicus 
Chaetodipterus faber 
Chloroscombrus chrysurus 
Gitlmrichthys spiZopterus 
Clupe idae  
Cyizoseion a r e l w i u s  
C. nebulosus 
C. nothus 
Dasyalis sabzna 
Uiplectrwn b i v i t t akzm 
Dorosoniu cepediaiizm 
Gtropus crossotus 
Euc~irostonius argeiiteus 

C l a s s  P i s c e s  ( c o n t i n u e d )  
E. gula 
HaZievrtichtlzys acu2eatus 
HarenguZa pensacoZae 
f fypleurochi lvs  geminatvs 
Lagodoiz I-ho~nboides 
Larinius fasciatits 
Leiostomus xanthrus 
Lutjai?us campeclmnus 
L. gr iseus  
L .  s y n a g ~ i s  
ilernbras martinica 
iienLicirr7ziis miiericanus 
llicropogoi~ undulatus 
Mugil curema 
Nyrophis pu,7ctatus 
OgcocephaZus paruus 
Ophidion welsh; 
Opisthonema oglinwn 
Orthopris t is  c h r ~ s o p t e r u s  
Para2 ichtlzys lethostigliia 
I'eprilus a lepidotus  
P. b u r t i  
Polydacty Zvs octonelnus 
Pornatomus saZta Lrix 
Pontinus longispinis  
Po~iclz thys  poroszssiinus 
Pt*ioizotus pcctoraZis 
P. roscvs  
P. rubio  
P. sahnonicolor 
P. sc i tu2us  
P. s p .  
P. t r i b u  Lids 
17l1izoprionodoiz terraenovae 
Saurida b r a s i l i e n s i s  



APPENDIX 1 (continued) 

Class Pisces (continued) 
Sciaenidae 
Scomberonlorus macuZatus 
SeZene vonier 
Serranidae 
Sphoeroides puruus 
S t e l l i f e r  ZanceoZatus 
Stenotomus caprinus 
Syaciun~ yunter i  
Symphuus c i v i t a t u s  
S. plagiusa 
Syngnathus Zouisianae 
Synodus foetens 
Trachurus tathanii 
IPrichiwus Zepturus 
Urophycis f Zoridanus 
Vomer sotapinnis  

Timbalier Offshore 
Bay Waters 
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